
;e3e0-d6.T&F-P03026TB(SG) r  DESCRIPTION  POLYURETHANE COMPOSITION AND
POLISHING PAD 5 10 15 20 25 Technical Field The present invention relates
to a polyurethane composition and a method of producing the same. The
polyurethane composition of this invention is utilized for various uses
such as a polishing pad. The polishing pad can be utilized in flattening
processing of materials requiring surface flatness at high level, such as
optical materials such as an optical leas and a reflective mirror, a
silicon wafer, a glass substrate for a hard disk, an aluminum substrate,
and general metal. In particular, the polishing pad of this invention is
useful in a process of flattening a silicon wafer or a device having an
oxide layer, a metal layer etc. formed on a silicon wafer or a process of
flattening a silicon wafer before lamination and formation of an oxide
layer and a metal layer. Background Art Typical materials requiring surface
flatness at high level include a single-crystal silicon disk called a
silicon wafer for producing semiconductor integrated circuits (IC, LSI).
The surface of the silicon wafer should be flattened highly accurately in a
process of producing IC. LSI etc., in order to provide reliable
semiconductor connections for various coatings used in 1   i F-P03026TB(SG)
manufacturing the circuits. In the step of polishing finish, a polishing
pad is generally stuck on a rotatable supporting disk called a platen,
while a workpiece such as a semiconductor wafer is stuck on a polishing
head. Bp movement of the two, a relative 5 speed is generated between the
platen and the polishing head while polishing slurry having abrasive grains
is continuously supplied to the polishing pad, to effect polishing
processing. As the polishing pad, foamed polyurethane or the like having a
pore structure having a function capable of retaining 10 supplied slurry is
used. However, such foamed polyurethane is poor in surface hardness. A
polishing pad having hollow fine spheres entrapping high-pressure gas or
water-soluble polymer powder dispersed in matrix resin such as
polyurethane, as described in Japanese Patent No. 30131O5 and JP-A 200O-?
11b8, 15 has been proposed as the polishing pad used in highly accurate
polishing. Such a polishing pad secures a pore structure by the hollow fine
spheres dispersed in polyurethane, and is endowed with high modulus of
elasticity to a certain extent and rendered highly hard by the fine hollow
spheres, thus improving flatness 2 0 (relationship between the difference
in level of a convex in a pattern in a device wafer and an abrasion loss of
a concave in the pattern by polishing) to a certain extent. For example,
IC-1000TM manufactured by Rodel is known as such a polishing pad. The
hollow fine spheres can achieve high modulus of elasticity to a 2 5 certain
extent, but does not satisfy sufficient flatness because its 2 



F-P03026TB(SG) effect of achieving high modulus of elasticity is limited
due to the presence of the hollow structure. As is also described in a
book, Toshiro Dohi et al.: Detailed Semiconductor CMP Techniques (in
Japanese), Kogpo Chosakai, page 117 /2000a a hard pad capable of 5 further
improving flatness is necessary in consideration of application to elements
in the next generation. Further, a polishing pad having finely foamed or
thermally foamed, fine hollow spheres dispersed in polyurethane is also
described in JP-A 11-322877, JP-A 11-322878 etc. In particular, 10 JP-A
11-322878 proposes a polishing pad having specific fine hollow spheres of
finely foamed or thermally foamed polystyrene dispersed therein. However,
such a polishing pad is not endowed with high modulus of elasticity and
does not satisfy sufficient flatness. 15 Accordingly, an object of this
invention is to provide a polyurethane composition capable of forming a
polishing pad having a pore structure and being excellent in flatness. For
the purpose of improving flatness, a non-foamed hard polishing pad (for
example, IC-2000TM, manufactured by Rodel) can 2 0 be used. As shown in the
book supra (the same page supra), however, such a hard polishing pad causes
the problem of scratches on the polished surface of a workpiece. The
non-foamed polishing pad cannot sufficiently retain slurry abrasive grains
on the surface of the polishing pad during polishing, and is thus not 2 5
desirable from the viewpoint of polishing speed. 3   F-P03026TB(SG) A
polishing pad endowed with high elasticity by dispersing rigid solid beads
in place of the hollow fine spheres is anticipated to improve the flatness
of the polishing pad. Although flatness is improved by endowing the
polishing pad with highly elasticity, the 5 uniformity of a wafer as a
whole is deteriorated when such a polishing pad is used. That is, both
flatness and uniformity cannot be satisfied by merely dispersing rigid
beads such as polystyrene beads. Further, the polishing pad endowed with
high elasticity has a serious problem of scratches (scars) of the polished
10 surface of a workpiece. Use of polyurethane as the matrix resin forming
the polishing pad is appreciated as described above. Such polyurethane is
produced generally by curing an isocyanate-terminated prepolymer with a
chain extender. A 15 chlorine atom-containing chain extender* such as
4,4'-methplenebis(o-chloroaniline/, which is poor in reactivity and readily
regulates curing reaction, is used as the chain extender. However,
polyurethane (polishing pad) obtained by using the chlorine atom-containing
chain extender as a starting material 2 0 generates dangerous dioxins upon
combustion after use and is thus not capable of thermal recycling (thermal
recovery by combustion, thus raising a problem that there is no method for
disposal except for landfill disposal. Accordingly, an object of this
invention is to provide a 2 5 polyurethane composition capable of forming a
polishing pad which 4   F-P03026TB(SG) can satisfy both flatness and
uniformity and can reduce scratches. A still other object of this invention
is to provide a polyurethane composition being capable of flatness
improvement and scratch reduction which cannot be simultaneously achieved
by the 5 conventional polishing pad, being capable of thermal recycling of
the polishing pad after use, and being not harmful to the environment. 



Disclosure of Invention 10 The present inventors made extensive study for
solving the problems described above, and as a result, they found that the
objects described above can be achieved by the polyurethane composition
shown below. That is, the present invention relates to a polyurethane 15
composition (1) containing solid beads dispersed in polyurethane,
characterized in that the polyurethane is a microcellular polyurethane foam
having microcells and the composition has a storage modulus of elasticity
at 40C of 270 MPa or more as measured by a dynamic viscoelasticity
measuring device. 2 0 In the polyurethane composition ( 1 ) containing
solids beads dispersed therein according to this invention, the solids
beads are contained as fine spheres in a microcellular polyurethane foam as
matrix polymer because the conventional polishing pad using hollow fine
spheres dispersed in polyurethane is poor in modulus of 2 5 elasticity and
thus inferior in flatness. The solid beads axe beads 5   F-P03026TB(SG)
that are not hollow, and they are effective is increasing the modulus of
elasticity of the polyurethane composition by the filler effect of the
solid beads dispersed is a microcellular polyurethane foam. The shape of
the solid beads is not limited strictly to a bead 5 shape, and they may be
bar-shaped fine particles. As a result, the polishing pad using this
polyurethane composition can improve the flatness of as intended workpiece.
Because a pore structure cannot be secured when the polyurethane
composition (1) contains solid beads dispersed in 10 polyurethane, the
microcellular polyurethane foam having microcells is used as the matrix
polymer. The polyurethane is a material excellent in wear resistance and
most suitable as a starting material of the polishing pad. Another major
aspect of polyurethane is that a polymer having desired physical properties
15 can be obtained by changing the composition of its starting materials,
and thus polyurethane is suitable as a material for forming the polishing
pad. Further, the microcellular polyurethane foam serving as the matrix
polymer has uniform microcells, and has higher hardness 2 0 than that of a
polyurethane foam having the same density containing microcells that are
not uniform. The finely foamed structure of the microcellular polyurethane
foam confers high modulus of elasticity on the polyurethane composition,
and simultaneously secures a function (pore structured is retaining 2 5
slurry supplied to the polishing pad. The finely foamed structure 6
F-P03026TB(SG) is very effective in retaining slurry abrasive grains in the
microcells, to stabilize the polishing speed, and accordingly, the
polishing speed is significantly increased and stabilized by the
microcells. The microcells possessed by the microcellular 5 polyurethane
foam have an average diameter of 70 um or less, preferably 50 um or less,
still more preferably 40 um or less. Generally, microcells having an
average diameter of 30 to 40 um are preferable. The polyurethane
composition (1) has storage modules of 10 elasticity as high as 27O MPa or
more at 40C. When the storage modules of elasticity of the polyurethane
composition is less than 27O MPa, sufficient flattening characteristics are
not achieved. The polishing pad using the polyurethane composition having
such high modules of elasticity is not only useful for flatness polishing a
15 wafer for devices, but also useful fox use in glass polishing requiring
a polishing pad of high modules of elasticity. The polishing pad can effect
polishing stably at high polishing efficiency. The storage modules of
elasticity is preferably 275 MPa or more, more preferably 28O MPa. Although
the storage 



2 0 modules of elasticity is not particularly .limited insofar as it is 270
- - MPa or more, the storage modules of elasticity is preferably 400 MPa or
less, more preferably 35O MPa or less. The storage modules of elasticity
refers to the storage modules of elasticity of the polyurethane composition
2 5 (polyurethane composition containing solid beads dispersed 7
F-P03026TB(SG) therein at 40C as measured at a frequency of 1 Hz with
sinusoidal wave vibration by a tensile test jig in a dynamic
viscoelasticity measuring device. The conditions for measuring the storage
modulus of elasticity are based on conditions during polishing. 5 That is,
it is said that during polishing, the polishing pad is pressed against a
workpiece, both of which are rotating, and this movement corresponds to
almost 1 Hz, and due to the frictional heat by this movement, the
temperature of the polishing pad is increased to about 40C, and therefore
the conditions for measuring the storage 10 modulus of elasticity are
accordance with the above conditions. With respect to measurement in a
tensile test, the present inventors found that the tensile test and a
compression test give almost the same measurement result, and thus the
easier tensile test is adopted. 15 The density of the polyurethane
composition (1) is preferably O.67 to 090 g/ cm3. Even if the filler effect
of the solid beads is attained at a lower density of the polyurethane
composition (polyurethane containing solid beads dispersed therein),
sufficient storage 2 0 modulus of elasticity tends to be hardly attained,
and thus the density of the polyurethane composition is preferably at least
O.67 g/ cm3, more preferably at least O.68 g/ cm3. On the other hand, a too
high density of the polyurethane composition is not preferable in some
cases from the viewpoint of polishing speed because of a 2 5 shortage of
microcells in the surface of the polishing pad. produced 8   F-P03026TB(SG)
from the polyurethane composition, and thus the density of the polyurethane
composition is preferably not higher than 0.9O g/cm3, more preferably not
higher than O. 88 g/ cm3. In the polyurethane composition ( 1 ) the
microcellular 5 polyurethane foam having microcells preferably contains a
silicon surfactant as a foam regulator. To mix a silicon surfactant as the
foam regulator previously with starting materials of polyurethane in
production of the microcellular polyurethane foam is advantageous in
producing 



10 microcells stably, and the microcellular polyurethane foam having fine
and uniform cells can be obtained stably without deterioration in the
physical characteristics of polyurethane. Further, this invention relates
to a polyurethane composition (2) containing solid beads dispersed in
polyurethane, 15 characterized in that the solid beads are capable of
swelling with or being soluble in. an aqueous medium. In the polyurethane
composition (2) containing solids beads dispersed therein according to this
invention, the solids beads are contained as fine spheres in polyurethane
as matrix polymer 2 0 because the conventional polishing pad using hollow
fine spheres dispersed in polyurethane is poor in modulus of elasticity and
thus inferior in flatness. The solid beads are beads that are not hollow,
and they are effective in increasing the modulus of elasticity of the 2 5
polyurethane composition by the filler effect of the solid beads 9
F-P03026TB(SG) dispersed in polyurethane. As a result, the polishing pad
using this polyurethane composition can improve the flatness of a
workpiece. Using the solid beads capable of swelling with or being 5
soluble in an aqueous medium, the solid beads only on the surface of the
polishing pad swell at the time of polishing, that is, at the time of
swelling in the presence of aqueous slurry, resulting in softening the
surface of the polishing pad. According to the above effect, flatness and
uniformity can be simultaneously satisfied. 10 Because the surface of the
polishing pad is thus softened, the problem of scratches on the polished
surface cart be solved although the polishing pad of high modulus of
elasticity is used. In the polyurethane composition (2), the solid beads
may be those capable of swelling with or being soluble in an aqueous 15
medium, and acryl beads are preferably used as the solid beads. In the
polyurethane composition (2), the solid beads may be 



those capable of swelling with or being soluble in an aqueous medium, and
fine cellulose particles are preferably used as the solid beads. 2 0 In the
polyurethane composition (2j, the solid beads used are preferably those
having functional groups capable of reacting with polyurethane or starting
materials of polyurethane. When the solid beads used are those having
functional groups capable of reacting with polyurethane as the matrix 2 5
polymer or its materials (starting materials of polyurethane, the 10
F-P03026TB(SG) affinity of the solid beads for the matrix polymer can be
improved to achieve higher modulus of elasticity. Further, the solid beads
are swollen with or dissolved in an aqueous medium, and thus the solid
beads only on the surface of the polishing pad are swollen or 5 dissolved
at the time of polishing, that is, at the time of swelling in the presence
of aqueous slurry, resulting in softening the surface of the polishing pad
so as to be adjusted to a winding or warping wafer. By using such reactive
solid beads, flatness and uniformity can be simultaneously satisfied. By
softening the surface of the 10 polishing pad, the problem of scratches on
the surface of a workpiece can be solved although the polishing pad of high
modulus of elasticity is used. In the polyurethane composition (2),
polyphenol having methylol groups as functional groups can be preferably
used as the 15 solid beads (reactive solid beads). In the polyurethane
composition (2) it is preferable that the polyurethane does not contain a
chlorine atom as an constituent element, and the solids beads do no contain
a chlorine atom as a constituent element. 2 0 The polyurethane gives a
polymer having desired physical properties by changing the composition of
its starting materials, and polyurethane capable of thermal recycling
without generation of dangerous dioxins can be obtained by using chlorine
atom-free materials as the starting materials organic polyisocyanate, a 25
polyol compound and a chain extender) of polyurethane. Similarly, 11
F-P03026TE(SG) a polyurethane composition capable of thermal recycling can
be obtained by using solid beads not containing a chlorine atom as an
element. Because a chlorine atom contained as an element in. 5 polyurethane
is derived generally from a chain extender, polyurethane not containing a
chlorine atom as an element can be obtained by using bis-(alkylthio)
aromatic amine or the like as the chain extender. For example, JP-A
11-322877 describes that bis-(alkylthio) aromatic amine is used as a chain
extender. In JP-A 10 11-322877, however, the chain extender is used for
improving the preservation stability of non-formed, thermally expandable
hollow fine spheres, and cannot sufficiently regulate the reaction in
production of polyurethane. On the other hand, when the solid beads
swelling with or being soluble in an aqueous medium are 15 used as shown in
this invention, the curing reaction can be easily regulated due to the
action between the solid beads and the starting materials of polyurethane
even if the chlorine atom-free chain extender described above is used in
the starting materials of polyurethane. The reason for this easy control of
the curing 



2 0 reaction is indefinite but estimated as follows: That is, the solid
beads are capable of swelling with or being soluble in an aqueous medium,
and thus the surfaces of the beads can be said to be hydrophilic, that is,
relatively highly polar. Major groups involved in the curing reaction, that
is, isocyanate groups and active 2 5 hydrogen groups, are also highly polar
sites. It is therefore 12   F-P03026TB(SG) estimated that the curing
reaction is regulated by the interaction of the surfaces of the beads with
isocyanate groups and/or active hydrogen groups. The polyurethane
composition (2) is preferably a 5 microcellular polyurethane foam
containing polyurethane having microcells. The microcellular polyurethane
foam having microcells as the matrix polymer can secure a pore structure by
its finely foamed structure. The microcellular polyurethane foam has 10
higher hardness than that of polyurethane foam having the same density,
having microcells that are not uniform. The finely foamed structure of the
microcellular polyurethane foam confers high modulus of elasticity on the
polyurethane composition, and simultaneously secures a function (pore
structure) in retaining 15 slurry supplied to the polishing pad. The finely
foamed structure is very effective in retaining slurry abrasive grains in
the microcells to stabilize the polishing speed, thus significantly
increasing and stabilizing the polishing speed by the microcells. The
microcells possessed by the microcellular polyurethane foam 2 0 . have an
average diameter of 70 um or less, preferably 50 um or less, still more
preferably 40 um or less. Generally, microceells having - an average
diameter of 30 to 4D um are preferable. Preferably, the polyurethane
composition (2) has a storage modulus of elasticity of 2'7O MPa or more at
40C as measured by a 2 5 dynamic viscoelasticity measuring device. 13
F-P03026TB(SG) When the storage modules of elasticity of the polyurethane
composition is 270 MPa or more, sufficient flattening characteristics are
achieved. The polishing pad using the polyurethane composition of such high
modules of elasticity is not 5 only useful for flatness polishing a wafer
for devices, but also useful for use in glass polishing requiring a
polishing pad of high modules of elasticity. The polishing pad can effect
polishing stably at high polishing efficiency. The storage modules of
elasticity is preferably 275 MPa or more, more preferably 28O MPa. Although



10 the storage modules of elasticity is not particularly limited insofar as
it is 270 MPa or more, the storage modules of elasticity is preferably 40O
MPa or less, more preferably 35O MPa or less. The storage modules of
elasticity is as described above. The density of the polyurethane
composition (2) is 15 preferably 0.67 to 090 g/ cm3. Even if the filler
effect of the solid beads is attained at a lower density of the
polyurethane composition (polpurethane containing solid beads dispersed
therein, sufficient storage modules of elasticity tends to be hardly
attained, and thus the 2 0 density of the polyurethane composition is
preferably at least O.67 g/cm3, more preferably at least O.68 g/cm3. On the
other hand, a too high density of the polyurethane composition is not
preferable in some cases from the viewpoint of polishing speed because of a
shortage of microcells in the surface of the polishing pad produced 2 5
from the polyurethane composition, and thus the density of the 14
F-P03026TB(SG) polyurethane composition is preferably not higher than 0.90
g/ cmm3, more preferably not higher than O.88 g/ cm3. In the polyurethane
composition (2), the microcellular polyurethane foam having microcells
preferably contains a silicon 5 surfactant as a foam regulator. To mix a
silicon surfactant as the foam regulator previously with starting materials
of polyurethane in production of the microcellular polyurethane foam is
advantageous in producing microcells stably, and the microcellular
polyurethane foam having fine and uniform cells can be obtained 10 stably
without deterioration in the physical characteristics of polyurethane.
Further, this invention relates to a polishing pad formed from the
polyurethane composition (2j. Further, this invention relates to a method
of producing a 15 microcellular polyurethane foam by mixing a first
component containing an isocyanate group-containing compound and a second
component containing an active hydrogen group-containing compound,
characterized in that solid beads are dispersed in the first 20 component
and/or the second component, a silicon nonionic surfactant not having a
hydroxyl group is added in an amount of 0.1 to less than 5% by weight based
on the total amount of the first and second components, to the first
component and/ or the second component, 2 5 the component(s) to which the
surfactant was added and an 



15   F-P03026TB(SG) inert gas are stirred to prepare a cellular dispersing
liquid having the inert gas dispersed as microcells, and the cellular
dispersing liquid is mixed with the remainder of the component and cured to
produce the polyurethane 5 composition (1) or (2j. The production method is
preferable for production of the polyurethane composition ( 1) or (2j
having a microcellular polyurethane foam having microcells as the matrix
polymer and containing solid beads, using a silicon surfactant as a foam 10
regulator. Best Mode for Carrying Out the Invention In the polyurethane
compositions (1) and (2) containing solid beads dispersed therein according
to this invention, the 15 polyurethane serving as matrix is formed from an
organic polyisocyanate, a polyol compound and a chain extender. When
chlorine-free polyurethane is used, the organic polyisocyanate, the polyol
compound and the chain extender are those not containing a chlorine atom as
an element. 2 0 As the organic polyisocpanate, a compound known in the
field of polyurethane can be used without particular .limitation. The
organic polyisocpanate includes, for example, aromatic diisocyanates such
as 2,4-toluene diisocyanate, 2,6-toluene diisocpanate, 2,2'-diphenyl
methane diisocyanate, 2,4'-diphenyl 25 methane diisocyanate, 4,4'-diphenyl
methane diisocyanate, 16   F-P03026TB(SG) 1,5-naphthalene diisocyanate,
p-phenylene diisocyanate, m-phenplene diisocyanate, p-xylylene diisocpanate
and m-xylylene diisocyanate, aliphatic diisocpanates such as ethylene
diisocyanate, 2,2,4-trimethpl hexamethylene diisocyanate and 5
1,6-hexamethylene diisocyanate, and alicyclic diisocpanates such as
1,4-cpclohexane diisocyanate, 4,4'-dicyclohexyl methane diisocyanate,
isophorone diisocyanate, hydrogenated m-xylylene diisocyanate and
norbornane diisocyanate. These map be used alone or as a mixture of two or
more thereof. 10 As the organic polyisocpanate, it is possible to use not
only the above-described diisocyanate compounds but also multifunctional
(trifunctional or more) polyisocyanates. As the multifunctional isocyanate
compounds, a series of diisocyanate adduct compounds axe commercially
available as Desmodul-N 15 (Bayer) and DuranateTM (Asahi Chemical Industry
Co., Ltd.). The polyol compounds include polyol compounds usually used in
the technical field of polyurethane. Examples of the polyol compounds
include the following high-molecular polyols: 1) Polyether polyol 2 0 The
polyether polyol includes, for example, polyoxp propylene polyols obtained
by adding propylene oxide to one or more polyvalent alcohols such as
ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol,
glycerin and trimethylol propane, polyoxyethylene polyols obtained by
adding ethylene 2 5 oxide to the polyvalent alcohols, polyols obtained by
adding 17   



F-P03026TB(SG) butylene oxide or styrene oxide to the polyvalent alcohols,
and polytetramethylene ether glycols obtained by adding tetrahydrofuran via
ring opening polymerization to the polyvalent alcohols. Copolymers using
two or more of the above-mentioned 5 cyclic ethers can also be used. 2j
Polyester polpol The polyester polyol includes polyols such as
polycondensation polymers of one or more kinds of glycols such as ethylene
glycol, 1,2-propylene glycol, 1,3-propylene glycol, l0 1,4-butane diol,
1,5-pentane diol, 1,6-hexane diol, 1,4-cpclohexane dimethanol, neopentyl
glycol, 3-methyl-1,5-pentane diol, diethylene glycol, triethylene glycol
and 1,4-bis(2-hydroxyethoxyj benzene, and glycerin, trimethplol propane,
pentaerythritol or other low-molecular polyvalent alcohols with one or more
kinds of 15 carboxylic acids such as glutaric acid, adipic acid, pimelic
acid, suberic acid, sebacic acid, terephthalic acid, isophthalic acid,
dimer acid, hydrogenated dimer acid or other low-molecular dicarboxylic
acids or oligomer acids, or ring-opening polymers of cyclic esters with
propiolactone, caprolactone or valerolactone. 2 0 Typical examples of the
polyester polyol include polybutplene adipatlycarboaate polpol The
poolpcarbonate polyol includes polyester polpcarbonate polyols exemplified
as reaction products of polyester glycol such as 2 5 polycaprolactone with
alkylene carbonate, polyester polycarbonate 18   F-P03026TB(SG) polyol
obtained by reacting ethylene carbonate with a polyvalent alcohol and then
reacting the resulting reaction mixture with an organic dicarboxylic acid,
and those obtained by ester-exchange reaction of a polphpdroxy compound
with aryl carbonate. 5 4) Acryl polyol In the acryl copolymer, use can be
made of hydroxyalkyl acrylate such as ~i-hydroxyethyl acrplate,
(3-hpdroxypropyl acrplate, 3-hpdroxypropyl acrylate, (3-hydroxybutyl
acrylate, 4-hydroxybutyl acrylate aazd ~3-hydroxypentyl acrplate, or
similar hydroxyalkpl 10 methacrylates, acrylic acid monoesters of
polyvalent alcohols such as glycerin, trimethylol propane etc., or similar
methacrylic acid monoesters, and acryl polyol having taro or more hydroxyl
groups in one molecule, such as a copolymerizable monomer such as a
monoethylenically unsaturated monomer having hydroxyl groups, 15 such as
N-methylol acrylamide or N-methylol methacrplamide. As the acxyl polyol,
telechelic acryl polyol can also be used. The telechelic acrpl polyol is an
acryl polymer containing hydroxyl groups obtained by polymerizing
unsaturated monomers containing (meth)acrylate by an organic
peroxide-containing initiator in the 2 0 presence of an alcohol compound
and in the presence of an organic sulfonic acid compound. The alcohol
compound is an aliphatic or alicyclic alcohol such as methanol, ethanol
etc., and when a monofunctional alcohol is used as the alcohol compound,
the resulting acryl polymer containing active hydrogen groups is 2 5
substantially bifunctional, and when diol is used as the alcohol 19
F-P03026TB(SG) compound, the resulting acryl polymer containing active
hydrogen groups is substantially tetrafunctional. 5) Other polyols In
addition, polymer polyols having polymers such as phenol 5 resin polyol,
epoxy polyol, polybutadiene polyol, polyisoprene polyol,
polyester-polpether polyol, acrylonitrile and styrene subjected to vinyl
addition or dispersed therein, urea-dispersed polyol, polpcarbonate polyol
etc. can be used as the polpol in this invention. Polyol compounds produced
by condensating these 



10 polyol compounds with p-aminobenzoic acid to convert active hydrogen
groups into aromatic amino groups can also be used. The number-average
molecular weight of the high-molecular polyol is not particularly limited,
but is preferably about 500 to 200O from the viewpoint of the elastic
characteristics of the 15 resulting polyurethane. When the number-average
molecular weight of the high-molecular polyol is less than 5O0, the
resulting polyurethane is a brittle polymer not having sufficient elastic
characteristics, and a polyurethane composition polishing pad) containing
this polyurethane as matrix is too rigid, thus causing 2 0 scratches on the
polished surface of a workpiece polished. Further, such polyurethane is
easily worn out and thus not preferable from the viewpoint of the longevity
of the polishing pad. On the other hand, when the number-average molecular
weight is higher than 200O, a polyurethane composition (polishing pad)
containing this 2 5 polyurethane as matrix may be too soft to be subjected
to 20   F-P03026TB(SG) satisfactory flatting processing. As the polyol
compound, the low-molecular polyols exemplified above as the polyester
polyol may be used is combination with the high-molecular polyol described
above. 5 These polymer compounds may be used singly or as a mixture
thereof. The chain extender is as organic compound having two or more
active hydrogen groups, and examples of such active hpdrogea groups include
a hydroxyl group, a primary or secondary 10 amino group and a thiol group
(SH). The chain extender is a compound having a molecular weight of 500 or
less. Specifically, the chain extender includes, for example, the
above-described low-molecular polyols, aromatic or alicyclic diamiaes such
as 4,4'-methyleaebis~o-chloroaailiae), 2,6-dichloro-p-pheayleae 15 diamiae,
4,4'-methyleaebis(2,3-dichloroaailiae) and dicpclohexyl
methane-4,4'-diamiae, and aromatic diols such as
1.4-bishydroxyethoxybeazeae (Cuamiae H (Ihara Chemical) and m-xylyleae diol
(Mitsubishi Gas Chemical). These chain extenders map be used singly or as a
mixture of two or more thereof. 2 0 Other chain extenders not containing a
chlorine atom is the molecule include, for example, bis-(alkylthio)
aromatic amines such as 3,5-bis(methylthio)-2,4-toluene diamine and
3,5-bis~methylthio~-2,6-toluene diamiae, alkyl aromatic amines such as
3,5-diethyltolueae-2,4-diamiae, 2 5 3,5-diethyltolueae-2,6-diamiae,
tetraalkyl diamiaodipheayl 21   F-P03026TB(SG) methane such as
4,4'-diamino-3,3'-diethyl-5,5'-dimethyl diphenyl methane, and aromatic
polpamines such as trimethplene glycol-di-p-aminobenzoate and
1,2-bis/2-aminophenylthioj ethane, and the above-mentioned low-molecular
polyols. These map be 5 used alone or as a mixture of two or more thereof.
The proportion of the organic polpisocyanate, the polyol compound and the
chain extender in this invention can be changed depending on their
respective molecular weights and desired physical properties for use (e.g.
a polishing pad) of the 10 polyurethane produced therefrom. To obtain a
polishing pad having desired polishing properties, the number of organic
isocyanate groups in the organic polyisocyanate, based on the number of
total functional groups (number of active hydrogen groups in total such as
hydroxyl groups, amino groups etc. j in the 15 polyol compound and the
chain extender, is preferably in the range of O.95 to 1.15, more preferably
O.99 to 1.1O. The ratio of the high-molecular component to the
low-molecular component in the polyol compound in the polyol compounds is
determined depending on the characteristics necessary for the polyurethane 



2 0 produced therefrom. The polyurethane serving as matrix in the
polyurethane composition of this invention can be produced by using
urethane production techniques such as a melt method or a solution method,
but in consideration of costs and working atmosphere, the 2 5 polyurethane
is produced by the melt method. 22   F-P03026TB(SG) In production of the
polyurethane, either of a prepolymer method or a one-shot method can be
used, but the prepolymer method wherein an isocpanate-terminated prepolymer
is previously synthesized from an organic polyisocyanate and a polyol
compound 5 and they reacted with a chain extender is preferable because the
resulting polyurethane is excellent in physical characteristics. If a
commercially available isocyanate-terminated prepolymer produced from an
organic polyisocpanate and a polyol compound can be adapted to this
invention, it can also be applied to the 10 method of producing
polyurethane by the prepolymer method. The isocyanate-terminated prepolymer
is preferably the one having a molecular weight of about 800 to 5O00
because it is excellent in processability and physical properties. In
production of the polyurethane, a first component 15 containing a
isocyanate group-containing compound and a second component containing an
active hydrogen group-containing compound are mixed and cured. In the
prepolymer method, the isocyanate-terminated prepolymer serves as the
isocyanate group-containing compound, and the chain extender (polpol 2 0
compound if necessary) serves as the active hydrogen group-containing
compound. In the one-shot method, the organic polyisocyanate serves as the
isocyanate group-containing compound, and the chain extender and the polyol
compound serve as the active hydrogen group-containiug compound. 2 5 In
production of the microcellular polyurethane foam, it is 23
F-P03026TB(SG) preferable to use techniques wherein before or while the
polyurethane materials (the first component containing the isocyanate
group-containing compound and the second component containing the active
hydrogen group-containing compound) are 5 mixed and stirred, a cellular
dispersing liquid is produced by introducing inert-gas bubbles into the
polyurethane materials, and then cured and foamed to prepare a polyurethane
block in a foamed state (preferably is a finely foamed state having fine
bubbles). The fine bubbles in the cellular dispersing liquid form 10 fine
bubbles in the foam. The characteristics (balance between modules of
elasticity and surface flexibility) of the optimum polishing pad, depending
on a material polished or polishing conditions, can be controlled by
changing the degree of foaming and fine foaming. 15 In this process, it is
preferable that a foam regulator is added to the polyurethane materials
/the first component containing the isocyanate group-containing compound
and/or the second compo~netit containing the active hydrogen
group-containing compouad~, and after or while the component/s~ 2 0 to
which the foam regulator was added is stirred and dispersed together with
fine bubbles, the remainder of the components is added. Previous mixing of
the foam regulator with the polyurethane materials is a very effective
means in stably producing fine bubbles. 2 5 The foam regulator is not
particularly limited insofar as it 24  



F-P03026TB(SG) can stably forms fine bubbles from the first or second
component stirred in the presence of an inert gas. The foam regulator is
preferably a silicon-based surfactant. In particular, the silicon-based
surfactant used as a foam regulator in the technical 5 field of
polyurethane, particularly a silicon-based nonionic surfactant free of an
active hydrogen group such as hydroxyl group reacting with an isocyanate
group, is used preferably because of good compatibility with the polyol
compound and isocyanate prepolymer. 10 For example, the silicon.-based
nonionic surfactaat is preferably a surfactant made of a silicon-polpether
copolymer. The polyether includes, for example, polyethylene oxide,
polypropylene oxide and a copolymer thereof. The foam regulator includes,
for example, silicon-based nonionic surfactants such as 15 silicon foam
regulators SH-19O and SH-I92 (Toray Dow Corning Silicone Co., Ltd., L-534O
~Nippon Unicar Company Limited). The silicon-based nonionic surfactant not
having hydroxyl groups gives a microcellular polyurethane foam containing
fine and uniform cells without deteriorating the physical properties of
polyurethane. 2 0 . The amount of the foam regulator (silicon-based
surfactant added is preferably O.l to 5% by weight based on the materials
(total amount of the first component, the second component and solid beads)
in the polyurethane composition. When the amount is less than 0.1% by
weight, a foam containing fine cells may not be 2 5 obtained. From. this
viewpoint, the amount of the foam regulator 25   F-P03026TB(SG) added is
preferably 1% by weight or more. On the other hand, when the amount is
higher than 5% by weight, the number of cells in the microcellular
polyurethane foam is increased, and a microcellular polyurethane foam of
high hardness is hardly 5 obtained. from this viewpoint, the amount of the
surfactant added is preferably 5% by weight or less. The inert gas is a gas
composed exclusively of a gaseous component at ordinary temperatures, which
does not react with an isocyanate group or an active hydrogen group. The
gas may be 10 introduced positively into a solution, or the gas is
entrapped naturally during stirring. The inert gas used in forming fine
bubbles is preferably incombustible, specifically nitrogen, oxygen, a
carbon dioxide gas and a rare gas such as helium or argon, or a mixed gas
thereof, and use of air from which moisture was removed 15 by drying is
most preferable in respect of costs. Known stirring device for forming the
inert gas into fine bubbles to dispersing the bubbles in the first
component and/ or the second component can be used without particular
limitation, and examples thereof include a homogenizer, a dissolver and a 2
0 twin-screw planetary mixer. The shape of a stirring blade of the stirring
device is not particularly limited, but a whippiag stirring blade is used
preferably in order to obtain fine bubbles. The conditions for forming fine
bubbles are not particularly limited insofar as fine bubbles are formed to
give a cured product of 2 5 predetermined shape, wherein the temperature
should be higher 26   F-P03026TB(SG) than the melting points of the first
and second components and lower than a temperature at which the curing
reaction of isocpaaate groups with active hydrogen groups proceeds rapidly.
The temperature is preferably O to 14OC, more preferably 10 to 5 120 C. The
curing reaction of the isocyanate groups with the 



active hydrogen groups is au exothermic reaction, and the degree of heat
evolved in the reaction is varied depending on e.g. the type and
combination of the selected isocyanate compound and active hydrogen
compound, and the temperature is regulated suitably. 10 Mixing and stirring
after addition of the remainder of the components may not be stirring for
particularly forming bubbles, and a stirring device not generating large
bubbles is preferably used. The stirring device is preferably a planetary
mixer. Stirring at the former stage for dispersing fine bubbles and
stirring at the latter 15 stage for mixing the remainder of the components
added can be conducted successively or simultaneously, and the same
stirring device may be used at the former and latter stages. If necessary,
the stirring blade can be used while stirring conditions such as rotating
speed are changed. 2 0 For production of the polyurethane of this
invention, a stabilizer such as an antioxidant etc., a surfactant, a
lubricant, a pigment, a filler, an antistatic agent and other additives may
be added if necessary to the stock solution of polyurethane. The
polyurethane composition of this invention contains 2 5 solid beads
dispersed in. polyurethane as the matrix. The method 27   F-P03026TB(SG) of
dispersing solid beads in polyurethane is not particularly limited, but
generally the solid beads are dispersed in the stock solution of
polyurethane during curing of a mixture of the first and second components.
5 When the method of polymerizing polyurethane is for example the one-shot
method, there is a method of dispersing solid beads in the stock solution
of polyurethane by previously mixing the solid beads with the starting
materials i.e. the organic polyisocyanate, the polyol compound and the
chain extender or by l0 mixing the solid beads with the starting materials
and then dispersing them until polyurethane is cured. When the method of
polymerization is the prepolymer method, there is a method of previously
mixing the solid beads with the isocyanate-terminated prepolymer or the
chain extender or by mixing the solid beads with 15 the
isocyanate-terminated prepolymer and the chain extender and dispersing them
until polyurethane is cured. The solid beads used in the polyurethane
composition ( 1 ~ can be either an organic or inorganic material without
particular limitation to its material, but from the viewpoint of
dispersibility 2 0 in polyurethane, an organic polymeric material is
preferable. However, solid beads made of hard materials are more preferable
than elastic beads made of acrpl rubber, polyurethane etc. because of the
necessity for endowing polyurethane with high modulus of elasticity by the
filler effect. For example, those having a 2 5 hardness (Shore D hardness)
of 70 or more are preferable. 28   F-P03026TB(SG) Examples of materials for
the solids beads include polystyrene, polyamide, polymethyl methacrylate
~PMMA~, polyphenol, polyethylene, melamine resin, epoxy resin, polyphenol,
polyvinyl alcohol, polyvinyl pyrrolidone, polyacrplic acid, polyethylene
glycol, 5 cellulose, partially hydrolyzed polyacrylate, etc. These
materials for the solid beads can be a copolymer of the above materials or
have a sheath/ core multi-layer structure. The solid beads used in the
polyurethane composition 12) are those comprising a hygroscopic polymeric
material swollen with or 10 dissolved in an aqueous medium. The polymeric
material includes polyvinyl alcohol, polyvinyl pyrrolidone, polyacrylic
acid, polyethylene glycol, cellulose, partially hydrolyzed polyacrplate
etc. Further, products endowed with hygroscopic properties, produced by
copolymerizing these materials with non-hygroscopic materials 15 such as
polystyrene, can also be used. The aqueous medium refers to water or an
aqueous acidic or basic solution. The hygroscopic solid beads swollen with
or dissolved in the aqueous medium are preferably acryl beads or fine
cellulose particles, from the viewpoint of improvement of the modules of 2
0 elasticity of polyurethane by the filler effect and swelling at the 



time of swelling. In particular, fine cellulose particles are preferable.
The hpgroscopic acryl beads include, for example, HU-720P manufactured by
Nippon Exran. The hygroscopic solid beads are preferably reactive solid 25
beads. The reactive solid beads are made of a polymeric material 29
F-P03026TB(SG) having reactive groups capable of reacting with polyurethane
or the polyurethane materials and capable of swelling with or being soluble
in an aqueous medium. The functional groups capable of reacting with
polyurethane or the polyurethane materials include 5 an isocyanate group,
amino group, hydroxyl group, phenol group, carboxyl group, thiol group etc.
The polymeric material having these functional groups and capable of
swelling with or being soluble in an aqueous medium includes, for example,
polyphenol, polyvinyl alcohol, polyvinyl pyrrolidone, polyacrplic acid, 10
polyethylene glycol, cellulose etc. Products endowed with swelling
properties or solubility, produced by copolymerizing these polymeric
materials with hydrophobic materials such as polystyrene, can also be used.
Examples of the reactive solid beads include, for example, Bellpearl R type
(phenol beads having 15 methylol groups) manufactured by Kanebo, Ltd. The
particle diameter of the solid beads is not particularly limited, but from
the viewpoint of attaining a higher degree of modulus of elasticity and
handling for dispersing them in polyurethane, the particle diameter is
preferably in the range of 2 fl about 0.1 to 100 ~,m. The content of the
solid beads is preferably about 1 to 40% by weight relative to the
polyurethane composition, (polyurethane containing the solid beads
dispersed therein. For attaining a higher degree of modulus of elasticity,
the content of the solid 2 5 beads is preferably 3% by weight or more. For
sufficiently 30   F-P03026TB(SG) dispersing the solid beads in
polyurethane, the content of the solid beads is more preferably 25% by
weight or less. The coatent of the solid beads is preferably in the range
of 3 to 25% by weight. Production of the polyurethane composition in this 5
invention is conducted by injecting a mixture of the polyurethane materials
and the solid beads into a mold, curing the mixture until it loses
fluidity, and forming the mixture, according to the above-described method
of producing polyurethane. A polyurethane block polyurethane composition)
containing the 10 solid beads dispersed therein is thus obtained. The
resulting polyurethane block can be heated and post-cured, and such
procedures have an effect of improving the physical properties of
polyurethane, and are very preferable. The curing reaction is conducted
preferably at normal pressures to 15 stabilize the shape of bubbles. In
production of the polyurethane composition, a catalyst promoting the
polyurethane reaction may also be used. The type and amount of the catalyst
can be suitably determined. The polyurethane composition in this invention
map be produced either in a batch system wherein the respective 2 0
components in the stock solution of polyurethane are metered and introduced
into a vessel, and the mixed solution is stirred, or in a continuous
production system wherein the respective components of the stock solution
of polyurethane and an inert gas are continuously supplied and stirred with
a stirring device, while the 2 5 mixed solution is removed to produce
molded products. 31  



F-P03026TB(SG) The resulting polyurethane composition is sliced in
thickness suitable for the polishing pad. The polyurethane composition may
be produced by pouring the polyurethane component into a mold having a
cavity having the same thickness 5 as that of the intended polishing pad.
The thickness of the polishing pad is usually 0.8 mm to 2 mm, and usually a
sheet having a thickness of about 1.2 mm is used. The surface of the
polishing pad can be provided with grooves, or a flexible porous sheet etc.
can be stuck on the 10 backside thereof. The grooves on the surface of the
polishing pad have an action in removing abraded dusts and abrasive grains
from the contact area between the polishing sheet and a material to be
polished. The shape of grooves is not particularly limited, and its section
is rectangular, triangular, U-shaped and semicircular, and 15 may have a
sectional area through which fine powders pass. The grooves are arranged in
a concentric circle form, a latticed form etc, oa the sheet. The depth of
the grooves, though being varied depending on the thickness of the sheet,
is about 0.4 to 0.8 mm. Examples 2 0 Hereinafter, the present invention is
described by reference to ,the Examples, but this invention is not limited
to these examples. Example 1 (Formation of polyurethane composition (1)) 2
5 50O parts by weight of a polyether prepolpmer (Adiprene 32
F-P03026TB(SG) L-325; isocyanate group concentration 2.22 meq/g,
manufactured by Uniropalj, 34 parts by weight of styrene/acryl crosslinked
beads (Microgel MG-351, average particle diameter 1 ~.m, Nippon Paint Co.,
Ltd.j, a~o.d 20 parts by weight of a silicon surfactant (SH-192, 5 Toray
Dow Corning Silicone Co., Ltd. j were introduced into a vessel, mixed and
defoamed under reduced pressure at a temperature regulated at 80C. Then,
the mixture was stirred so vigorously as to incorporate bubbles, and 145
parts by weight of 4,4'-methylenebis~o-chloroanilinej previously melted at
12OC were 10 added thereto to give a mixed solution. The mixed solution was
stirred for about 1 minute, introduced into a pan-type open mold and
post-cured for 6 hours in an oven at 110 C, to give a polyurethane finely
foamed block (cell diameter 40 ~.mj containing styrene/acsyl crosslinked
beads dispersed therein. The density of 15 the polyurethane finely foamed
block was 0.88 g/cm3. Measurement of the density was carried out according
to JIS K 7222 (Foamed Plastics, Rubber, and Measurement of Apparent
Density). (Measurement of storage modules of elasticity) 2 0 Then, the
polyurethane finely foamed block was sliced in a thickness of 1.27 mm under
heating at about 50C by a slicer ~VGW-125, manufactured by Amiteckj, to
give a polishing sheet. A 5 mm wide rectangular sheet was cut off from the
polishing sheet and measured, to indicate that its storage modules of
elasticity 2 5 was 295 MPa. 33   F-P03026TB(SG) 



This storage modulus of elasticity was measured at a frequency of 1 Hz with
sinusoidal wave vibrations by a tensile test jig with a dynamic
viscoelasticity measuring device Rheogel-E4000 (manufactured by UBM).
Measurement at -20C to 80C was 5 conducted in a temperature-depending mode,
aad the storage modulus of elasticity at 40 C was used. (Preparation and
evaluation of a polishing pad) A double-coated tape (Double Tack Tape
#5782, manufactured by Sekisui Chemical Co., Ltd.) was stuck on the 10
resulting polishing sheet to complete a polishing pad. The resulting
polishing pad was evaluated iu polishing characteristics by a CMP polishing
device (SPP-600S, manufactured by Okamoto Kosaku Kikai~. Using the
polishing pad rotating at 35 rpm, a wafer rotating at 33 rpm was polished
with silica slurry (RD97001, 15 manufactured by Fujimi Incorporated)
adjusted to pH 11 at a flow rate of 15O g/min. under a polishing loading of
35O g/cm2. (Flatness) For evaluation of flatness, a thermally oxidized 0.5
~m coating was deposited on a 6 inch silicon wafer and then subjected 20 to
patterning at L/S (line. and space) = 25 ~,m/5 ~,m and L/S = 5 m/25 ~,m.
and an oxidized coating (TEOS~ was further deposited in a thickness of 1
~,m thereon to prepare a patterned wafer having an initial difference of
0.5 ~,m in level. This wafer was polished under the above-described
polishing conditions, and when the difference 2 5 in global level was
reduced to 200 nm or less, an abrasion loss in 34   F-P03026TB(SG) the
bottom of 25 ~,m space was measured to evaluate the flatness. The flatness
was 70 nm. A lower value of flatness indicates higher performance. (Average
polishing speed) 5 In evaluation of average polishing speed, a thermally
oxidized 1 ~m coating deposited on a 6 inch silicon wafer was polished
under the polishing conditions described above, and the average polishing
speed when the coating was polished by 0.5 ~,m was determined. The average
polishing speed was 11O nm/min. 10 A higher average polishing speed
indicates higher performance. Example 2 A polyurethane finely foamed block
(cell diameter 35 Vim) was obtained in the same manner as in Example 1
except that the amount of the styrene/acryl crosslinked beads used was
changed 15 to 72 parts by weight, and the amount of the silicon surfactant
used was changed to 30 parts by weight. The density of the resulting
polyurethane finely foamed block was O.76 g/ cm3. A polishing sheet and a
polishing pad were prepared in the same manner as in Example 1 and
evaluated in polishing. The modulus 2 0 of elasticity of the resulting
polishing sheet was 278 MPa. The - measured flatness and average polishing
speed of the resulting polishing pad are shown in Table 1. Example 3 A
polyurethane finely foamed block (cell diameter 30 ~,m) 2 5 was obtained in
the same manner as in Example 1 except that the 35   F-P03026TB(SG) amount
of the styrene/acryl crosslinked beads used was changed to 161 parts by
weight, and the amount of the silicon surfactant used was changed to 40
parts by weight. The density of the resultiag polyurethane fiaely foamed
block was 0.69 g/ cm3. A 5 polishing sheet and a polishing pad were
prepared in the same manner as in Example 1 and evaluated in polishing. The
modulus of elasticity of the resulting polishing sheet was 271 MPa. The
measured flatness and average polishing speed of the resulting polishing
pad are shown in Table 1. 10 Example 4 



A polyurethane finely foamed block (cell diameter 30 ~,m) was obtained in
the same manner as in Example 1 except that 34 parts by weight of
crosslinked methyl polymethacrylate beads (Techpolymer MBX-15, particle
diameter 15 ~.m, Sekisui Chemical 15 Co., Ltd.) were used in place of 34
parts by weight of the styrene/acrpl crosslinked beads. The density of the
resulting polyurethane finely foamed block was 0.8O g/cm3. A polishing
sheet and a polishing pad were prepared in the same manner as in Example 1
and evaluated in polishing. The modulus of elasticity 2 0 of the resulting
polishing sheet was 28O ~MPa. The measured flatness and average polishing
speed of the resulting polishing pad are shown in Table 1. Comparative
Example 1 5O0 parts by weight of a polyether prepolymer (Adiprene 2 5
L-325; isocyanate group concentration 2.22 meq/ g, manufactured 36
F-P03026TB(SG) by Uniroyal) and 13 parts by weight of Expancell 551DE (fine
hollow spheres consisting of a vinylidene chloride/acrylonitrile copolymer,
manufactured by Nippon Ferrite) were mixed in a vessel and defoamed under
reduced pressure. Then, 145 parts by weight 5 of
4,4'-methylenebis(o-chloroaniline) previously melted at 120C was added
thereto to give a mixed solution. The mixed solution was stirred for about
1 minute, introduced into a pan-type open mold and post-cured for 6 hours
in an oven at 11OC, to give a polyurethane finely foamed block (cell
diameter 40 ~,m). The 10 density of the polyurethane finely foamed block
was 0.75 g/ cm3. A polishing sheet and a polishing pad were prepared in the
same manner as in Example 1 and evaluated in polishing. The modulus of
elasticity of the resulting polishing sheet was 268 MPa. The measured
flatness and average polishing speed of the resulting 15 polishing pad are
shown in Table 1. Comparative Example 2 A polyurethane finely foamed block
(cell diameter 30 ~,m) was obtained in the same manner as in Example 1
except that the amount of the silicon surfactant used was changed to 80
parts by 2 0 weight. The density of the resulting polyurethane finely
foamed block was O.66 g/ cm3. A polishing sheet and a polishing pad were
prepared in the same manner as in Example 1 and evaluated in polishing. The
modulus of elasticity of the resulting polishing sheet was 210 MPa. The
measured flatness and average polishing 2 5 speed of the resulting
polishing pad are shown in Table 1. 37   F-P03026TB(SG) Table 1
DensityStorageFlatnessAverage(g/cm3jmodulus(nm)polishingofspeedelasticity(n
m / min)MPaExam le 10.8829670110Exam le 2O.762788512OExam le
3O.6927190125Exam le 40.802808012OComparativeO,7526810O115Example
1Comparativep,6621013012OExam le 2 As is evident from Table 1, the
polishing pads obtained from 5 the polyurethane composition ( 1 j of this
invention are excellent in flatness, and the polishing speed is also
satisfactory. This is probably because the polishing pads of this invention
are made of a highly elastic microcellular polyurethane foam having density
in the specific range. 



10 Example 5 (Formation of polyurethane composition (2j: Example using
hygroscopic solid beads] 500 parts by weight of a polyether prepolymer
(Adiprene L-325; isocyanate group concentration 2.22 meq/g, manufactured 15
by Uniroyalj, 34 parts by weight of hygroscopic acryl solid beads (HU-720P,
average particle diameter 50 ~,m, manufactured bg Nippon Exranj, and 19
parts by weight of a silicon surfactant (SH-192, manufactured by Toray Dow
Corning Silicone Co., Ltd.j 38   F-P03026TB(SG) were introduced into a
vessel, mixed and defoamed under reduced pressure at a temperature
regulated at 80C. Then, the mixture was stirred so vigorously as to
incorporate bubbles, and 145 parts by weight of
4,4'-methylenebis~o-chloroanilinej previously melted 5 at 120C was added
thereto. The mixed solution was stirred for about 1 minute, introduced into
a pan-type open mold and post-cured for 6 hours in an oven at 11OC, to give
a polyurethane finely foamed block (cell diameter 40 ~,mj. The density of
the polyurethane finely foamed block was 0.79 g/ cm3. 10 A polishing sheet
and a polishing pad were prepared in the same manner as in Example 1 and
evaluated in polishing. The modulus of elasticity of the resulting
polishing sheet was 292 MPa. The measured flatness, uniformity in surface,
and average polishing speed of the resulting polishing pad are shown in
Table 2. 15 The uniformity in surface was measured by the following method.
(Uniformity in surface) For evaluation of uniformity in surface, a
thermally oxidized 1 ~,m coating deposited on a 6 inch silicon wafer was
polished under the polishing conditions described above until the thickness
2 0 of the thermally ox~.dized coating was reduced to 0.5 ~,m, and its
flatness was evaluated, and then the thickness at 28 points of the coating
on the wafer were measured. The uniformity in surface, as determined from
the following equation, was 7.0%. A lower value of uniformity in surface
indicates higher uniformity. 2 5 Uniformity in surface (%j = {(maximum
coating thickness  39   F-P03026TB(SG) minimum coating
thickness)//2xaverage coating thickness}x100 Example 6 A polyurethane
finely foamed block (cell diameter 40 ~,m) was obtained in the same manner
as in Example 5 except that the 5 hpgroscopic acrpl solid beads HU-720P
were used in an amount off 72 parts by weight. The density of the resulting
polyurethane finely foamed block was O.75 g/cm3. A polishing sheet and a
polishing pad were prepared in the same manner as in Example 5 and
evaluated in polishing. The modulus of elasticity of the 10 resulting
polishing sheet was 274 MPa. The measured flatness, uniformity in surface
and average polishing speed of the resulting polishing pad are shown in
Table 2. Example 7 A polyurethane finely foamed block (cell diameter 40
~,m) 15 was obtained in the same manner as in Example 5 except that the
hygroscopic acrpl solid beads HU-720P were used in an amount of 161 parts
by weight. The density of the resulting polyurethane finely foamed block
was O.73 g/ cm3. A polishing sheet and a polishing pad were prepared in the
same manner as in Example 5 



2 0 and evaluated in polishing. The modulus of elasticity of the resulting
polishing sheet was 281 MPa. The measured flatness, uniformity in surface
and average polishing speed of the resulting polishing pad are shown in
Table 2. Example 8 2 5 A polyurethane finely foamed block cell diameter 30
~,an) 40   F-P03026TB(SG) was obtained in the same manner as in Example 5
except that 34 parts by weight of fine cellulose particles (Avicel,
particle diameter 20 to 100 ~,m, manufactured by Merck) were used in place
of 34 parts by weight of the hpgroscopic acryl solid beads HU-720P. The 5
density of the resulting polyurethane finely foamed block was 0.80 g/ cm3.
A polishing sheet and a polishing pad were prepared in the same manner as
in Example 5 and evaluated in polishing. The modulus of elasticity of the
resulting polishing sheet was 288 MPa. The measured flatness, uniformity in
surface and average polishing 10 speed of the resulting polishing pad are
shown in Table 2. Reference Example 1 A polyurethane finely foamed block
(cell diameter 40 ~,m) was obtained in the same manner as in Example 5
except that the silicon surfactant SH-192 was used in an amount of 80 parts
by 15 weight. The density of the resulting polyurethane finely foamed block
was O.70 g/ cm3. A polishing sheet and a polishing pad were prepared in the
same manner as in Example 5 and evaluated in polishing. The modulus of
elasticity of the resulting polishing sheet was 235 MPa. The measured
flatness, uniformity in surface 2 0 and average polishing speed of the.
resulting polishing pad are shown in Table 2. The result of evaluation of
the polishing pad obtained in Comparative Example 1 is also shown in Table
2. 41   F-P03026TB(SG) Table 2
DensityStorageFlatnessUniformAverage(g/cm3)modulus(nm)ity
inpolishingofsurfacespeedelasticit(%)(nm/min)MPaExample
5O.79292707.012OExam le 60.75274904.5135Exam le 70.73281804.5135Exam le
80.80294756.012OComparativeO.752681008.0115Example
1Reference0.7O2351256.012OExam le 1 As is evident from Table 2, the
polishing pads obtained according to this invention satisfy both flatness
and uniformity in 5 surface. This is probably because the polishing pads of
this invention are highly elastic, while at the time of polishing, that is,
at the time of wetting, the surfaces only of the polishing pads are
softened. Example 9 10 (Formation of polyurethane composition (2): Example
using reactive solid beads 500 parts by weight of a polyether prepolymer
(Adiprene L-325; isocyanate group concentration 2.22 meq/g, manufactured 



by Uniroyal), 34 parts by weight of reactive phenol solid beads 15 (R-800,
average particle diameter 20 ~,m, manufactured by Kanebo, Ltd., and 20
parts by weight of a silicon surfactant (SH-192, manufactured by Toray Dow
Corning Silicone Co., Ltd.) were introduced into a vessel, mixed and
defoamed under reduced 42   F-P03026TB(SG) pressure at a temperature
regulated at 80C. Then, the mixture was stirred so vigorously as to
incorporate bubbles, and 145 parts by weight of
4,4'-methylenebis(o-chloroaniline) previously melted at 12OC was added
thereto to give a mixed solution. The mixed 5 solution was stirred for
about 1 minute, introduced into a pan-type open mold and post-cured for 6
hours in an oven at 11OC, to give a polyurethane finely foamed block (cell
diameter 35 ~,m) containing styrene/acryl crosslinked beads dispersed
therein. The density of the polyurethane finely foamed block was 0.76 g/
cm3. 10 A polishing sheet and a polishing pad were prepared in the same
manner as in Example 1 and evaluated in polishing. The modulus of
elasticity of the resulting polishing sheet was 27O MPa. The measured
flatness, uniformity in surface, average polishing speed and scratch of the
resulting polishing pad are shown in Table 15 3. The scratch was measured
by the following method. Scratch) For evaluation of scratches, a thermally
oxidized 1 wm coating deposited on a 6 inch silicon wafer was polished
until the thickness of the thermally oxidized coating was reduced to 0.5
~.m 2 0 under the above described polishing conditions, and then the wafer
was washed and dried, and examiaed for micro-scratches generated per wafer
by KLA (KLA2112, manufactured by KLA Tencall), indicating that the number
of micro-scratches per wafer was 22. A smaller number of scratches
indicates higher performance. 2 5 Example 1 O 43   F-P03026TB(SG) A
polyurethane finely foamed block (cell diameter 40 ~,m~ was obtained in the
same manner as in Example 9 except that the amount of the reactive phenol
solid beads used was changed into 72 parts by weight. The density of the
resulting polyurethane 5 finely foamed block was O.75 g/ cm3. A polishing
sheet and a polishing pad were prepared in the same manner as in Example 9
and evaluated in polishing. The modules of elasticity of the resulting
polishing sheet was 279 MPa. The measured flatness, uniformity in surface,
average polishing speed and scratch of the 10 resulting polishing pad are
shown in Table 3. Example 11 A polyurethane finely foamed block (cell
diameter 40 ~,m) was obtained in the same manner as in Example 9 except
that the amount of the reactive phenol solid beads used was changed into 15
161 parts by weight. The density of the resulting polyurethane finely
foamed block was O.71 g/ cm3. A polishing sheet and a polishing pad were
prepared in the same manner as in Example 9 and evaluated in polishing. The
modules of elasticity of the resulting polishing sheet was 2T7 MPa. The
measured flatness, 2 0 uniformity is surface, average polishing speed and
scratch of the resulting polishing pad are shown in Table 3. Reference
Example 2 A polyurethane finely foamed block cell diameter 40 ~tm) was
obtained iu the same manner as in Example 1 except that in 25 Example 9, 34
parts by weight of polystyrene solid beads (SBX-17, 



44   F-P03026TB(SG) average particle diameter 17 ~,m, manufactured by
Sekisui Chemical Co., Ltd.) were used in place of the reactive phenol solid
beads. The density of the resulting polyurethane finely foamed block was
O.77 g/ cm3. A polishing sheet and a polishing pad were 5 prepared in the
same manner as in Example 1 and evaluated in polishing. The modulus of
elasticity of the resulting polishing sheet was 288 MPa. The measured
flatness, uniformity is surface, average polishing speed and scratch of the
resulting polishing pad are shown in Table 3. 10 The result of evaluation
of the polishing pad obtained in Comparative Example 1 is also shown in
Table 3. Table 3 DensitStoragFlatnesUniformitAverageScratcheyas (nm)y
inpolishins(g/ cmmodulsurfaceg speed(numberus
of~nm/mi/wafer)elasticn)ityMPa)ExampleO.76270907.5115229ExampleO.75279808.5
1202910Example0.712?7808.012O3811'Compara0.752681008.011590tiveExample1Refe
renc0.77288759.511512OaExample2 45   F-P03026TB(SG) As is evident from
Table 3, the polishing pads obtained according to this invention satisfy
both flatness and uniformity in surface with less scratch. This is probably
because the polishing 5 pads of this invention are highly elastic, while at
the time of polishing, that is, at the time of wetting, the surfaces only
of the polishing pads are softened. Example 12 (Formation of polyurethane
composition ~2~: Example not 10 containing chlorine) 45O parts by weight of
a polpether prepolymer (Adiprene L-325; isocyanate group concentration 2.22
meq/g, manufactured by Uniroyalj, 61 parts by weight of fine cellulose
particles (Avicel, particle diameter 20 to 100 ~,m, manufactured by Merckj
and 18 15 parts by weight of a silicon surfactant ASH-192, manufactured by
Torap Dow Corning Silicone Co., Ltd.) were introduced into a vessel, mixed
and defoamed under reduced pressure at a temperature regulated at 60C.
Then, the mixture was stirred so vigorously as to incorporate bubbles, and
1O3 parts by weight of 2 0
3,5-bis(atethplthioj-2,4-toluenediamine/3,5-bis~methylthioj-2,6-tol
uenediamine mixture (ETHACURE-300TM, mixing ratio 80/2O, manufactured by
Alubemal Asano) were added thereto and stirred for about 1 minute, and the
mixed solution was introduced into a pan-type open mold and post-cured for
6 hours in an oven at 110C, 2 5 to give a polyurethane finely foamed block
(cell diameter 40 ~,m) 46   F-P03026TB(SG) 



containing fine cellulose particles dispersed therein. The density of the
polyurethane finely foamed block was O.77 g/ cm3. A polishing sheet aad a
polishing pad were prepared in the same manner as in Example 1 and
evaluated is polishing. The 5 modulus of elasticity of the resulting
polishing sheet was 3O5 MPa. The measured flataess, average polishing speed
and scratch of the resulting polishing pad are shown is Table 4. Example 13
A polyurethane finely foamed block (cell diameter 40 ~.m) 10 was obtained
in. the same manner as in Example 12 except that the amount of the fine
cellulose particles was changed into 138 parts by weight. The density of
the resulting polyurethane finely foamed block was 0.74 g/ cm3. A polishing
sheet and a polishing pad were prepared in the same manner as in Example 1
and 15 evaluated in polishing. The modulus of elasticity of the resulting
polishing sheet was 33O MPa. The measured flatness, polishing speed and
scratch of the resulting polishing pad are shown in Table 4. Example 14 2 0
A polyurethane finely foamed block (cell diameter 40 ~,m) was obtained in
the same manner as in Example 12 except that 61 parts by weight of KC Flock
W-400G (particle diameter of 24 ~,m or less, manufactured by Nippon Seishi)
were used as fine cellulose particles. The density of the resulting
polyurethane finely foamed 25 block was O.75 g/cm3. A polishing sheet and a
polishing pad were 47   F-P03026TB(SG) prepared is the same manner as is
Example 1 and evaluated is polishing. The modulus of elasticity of the
resulting polishing sheet was 3O9 MPa. The measured flatness, polishing
speed and scratch of the resulting polishing pad are shown is Table 4. 5
Example 15 121.8 parts by weight of toluene diisocyanate
(2,4-isomer/2,6-isomer = 8O/20 mixture), 78.6 parts by weight of
4,4'-dicyclohexylmethaae diisocyaaate, 25O parts by weight of
polytetramethyleae glycol having a number-average molecular l0 weight of
100O, and 26.5 parts by weight of diethylene glycol were introduced into a
vessel and heated at 80C for 12O minutes under stirring to give as
isocyanate-terminated prepolymer. 138 parts by weight of fine cellulose
particles ~Avicel, particle diameter of 20 to 100 ~,m, manufactured by
Merck) and 18 parts by weight of a 15 silicon surfactant ASH-192,
manufactured by Dow Corning Toray Silicone Co., Ltd.) were introduced into
the mixture, mixed and defoamed under reduced pressure at a temperature
regulated at 60 C. Then, the mixture was stirred so vigorously as to
incorporate bubbles, while 8O.1 parts by weight of 20
3,5-diethyltolueae-2,4-diamiae/3,5-diethpltolueae-2,6-diamiae mixture
~ETHACURE-lOOTM, manufactured by Alubemal Asaao) were added thereto. The
mixture was stirred for about 1 minute, and the mixed solution was
introduced into a pan-type open mold aad post-cured for 6 hours in an oven
at 11OC, to give a polyurethane 2 5 finely foamed block (cell diameter 35
~,m) containing fine cellulose 48   F-P03026TB(SG) particles dispersed
therein. The density of the polyurethane finely foamed block was O.75 g/
cm3. A polishing sheet and a polishing pad were prepared in the same manner
as in Example 1 and evaluated in polishing. The modulus of elasticity of
the resulting 5 polishing sheet was 3O8 MPa. The measured flatness,
polishing speed and scratch of the resulting polishing pad are shown in
Table 4. Reference Example 3 A polyurethane finely foamed block cell
diameter 40 Vim) l0 was obtained in the same manner as in Example 12 except
that 61 



parts by weight of polystyrene solid beads (SBX-17, average particle
diameter 17 ~,m, manufactured by Sekisui Chemical Co., Ltd.) were used in
place of the cellulose fine particles. The density of the resulting
polyurethane finely foamed block was 0.78 g/ cm3. A 15 polishing sheet and
a polishing pad were prepared in the same manner as in Example 1 and
evaluated in polishing. The modulus of elasticity of the resulting
polishing sheet was 310 MPa. The measured planarity, polishing speed and
scratch of the resulting polishing pad are shown in Table 4. 2 0 The result
of evaluation of the polishing pad obtained in Comparative Example 1 is
also shown in Table 4. 49   F-P03026TB(SG) Table 4
StoragPlanarityPolishingScratchePresence
ofa(nm)speedschloriaemodulu(nm/min(number)atoms in thes
of)polyurethaneelasticicompositiontyMPaExample30575l15
'30No12Example33O6011032No13Example3O97511525No14Example3O87010526No15Compa
rati26810011590YesveExample 1Reference31O75115185NoExam le 3 As is evident
from Table 4, the polishing pads obtained according to this invention are
prepared from chlorine-free 5 materials and are thus capable of thermally
recycle (thermal recovery by combustion), achieve both improvement in
planarity and reduction in scratches, and the polishing speed is also
satisfactory. In Comparative Example 1, on the other haad, the polyurethane
contains chlorine atoms and fine hollow spheres, and l0 the evaluation
results of planarity and scratch are inferior, In Reference Example 3, the
solid beads are not swollen with or dissolved in the aqueous medium, and
thus the evaluation result of scratch is inferior, and control of the
reaction is more difficult than in Example 12. 50   F-P03026TB(SG)
Industrial Applicability The polpurethaae composition of this invention is
useful as a polishing pad and usable for example is flattening processing 5
materials requiring surface flatness at high level, such as optical
materials such as as optical leas and a reflective mirror, a silicon wafer,
a glass substrate for a hard disk, as aluminum substrate, and general
metal. Accordingly, this invention is highly industrially applicable. 10 51



F-P03026TB(SG) CLAIMS i. A polyurethane composition containing solid beads
dispersed is polyurethane, characterized is that the polyurethane is a
microcellular polyurethane foam having microcells and the 5 compositioa has
a storage modulus of elasticity at 40C of 27O MPa or more as measured by a
dynamic viscoelasticity measuring device. 2. The polyurethane composition
according to claim 1, characterized in that the density of the polyurethane
composition. 10 is O.67 to 0.9O g/ cm3. 3. The polyurethane composition.
according to claim 1 or 2, characterized is that the microcelluiar
polyurethane foam having microcells contains a silicon surfactant as a foam
regulator. 4. A polyurethane composition containing solid beads 15
dispersed in polyurethane, characterized in that the solid beads are solid
beads swelling with or soluble in an aqueous medium. 5. The polyurethane
composition according to claim 4, characterized in that the solid beads are
acryl beads swelling with or soluble in an aqueous medium. 2 0 6. The
polyurethane composition according to claim 4, characterized in that the
solid beads are fine cellulose particles swelling with or soluble in an
aqueous medium. 7. The polyurethane composition according to any one of
claims 4 to 6, characterized in that the solid beads have functional 2 5
groups capable of reacting with polyurethane or starting materials 52
F-P03026TB(SG) of polpurethaae. 



8. The polyurethane composition, according to claim 7, characterized in
that the solid beads are polyphenol having methylol groups as functional
groups. 5 9. The polyurethane composition according to any one of claims 4
to 8, characterized in that the polyurethane does not contain a chlorine
atom as an element, and the solid beads do not contain a chlorine atom as
an element. 10. The polyurethane composition according to any one of 10
claims 4 to 9, characterized in that the polyurethane is a microcellular
polyurethane foam having microcells. 11. The polyurethane composition
according to any one of claims 4 to 10, characterized in that the storage
modulus of elasticity at 40C measured by a dynamic viscoelasticity
measuring 15 device is 27O MPa or more. 12. The polyurethane composition
accordisig to nay one of claims 4 to 11, characterized in that the density
of the polyurethane composition is O.67 to 0.9O g/ cm3. 13. The
polyurethane composition according to aup one of 2 0 claims 1 O to 12,
characterized is that, the microcellular polyurethane foam having
microcells contains a silicon surfactant as a foam regulator. 14. A
polishing pad foamed from the polyurethane composition described in any one
of claims 1 to 13. 2 5 15. A method of producing a ~.icrocellular
polyurethane 53   i ~! F-P03026TB(SG) foam by mixing a first component
containing as isocyanate group-contaiaiug compound and a second component
containing an active hydrogen group-containing compound, 



characterized in that solid beads are dispersed is the first 5 component
and/or the second component, a silicon nonionic surfactant not having a
hydroxyl group is added in an amount of 0.1 to less than 5% by weight based
on the total amount of the first and second components, to the first
component and/or the second component, 10 the components) to which the
surfactant was added and an. inert gas are stirred to prepare a cellular
dispersing liquid having the inert gas dispersed as microcells, and the
cellular dispersing liquid is mixed with the remainder of the component and
cured to produce the polyurethane 15 composition described in, claim 3 or
13. 54 .A.A
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