F-P10079TR(SG) DESCRIPTION POLISHING PAD TECHNICAL FIELD 5 [0001] The present invention
relates to a polishing pad (for rough polishing or for final polishing), which is used upon polishing of a
surface of optical materials such as lenses and reflection mirrors, a glass sGbStvdteTfdf SHicon wafers and
10 hard disks, and an aluminum substrate. Particularly, the polishing pad of the present invention is
suitably used as a polishing pad for finishing. BACKGROUND ART 15 [0002] Generally, the mirror
polishing of semiconductor wafers such as a silicon wafer etc., lenses, and glass substrates includes
rough polishing primarily intended to regulate nptaaarity@ruhin-plane uniformity and final polishing
primarily 20 intended to improve surface roughness and removal of scratches. 0003] The final polishing
is carried out usually by rubbing a wafer agafiist ariantificillisuede made of flexible urethane foam stuck
to a rotatable platen and simultaneously feeding thereon 25 an abrasive containing a colloidal silica in an
alkali-based 1 F-P10079TR(SG) aqueous solution (Patent Literature 1).

TECHNICAL FIELD
5 [0001]

The present invention relates to a polishing pad (for
rough polishing or for final polishing), which is used upon
polishing of a surface of optical materials such as lenses and
reflection mirrors, a glass substrate for silicon wafers and

10 hard disks, and an aluminum substrate. Particularly, the
polishing pad of the present invention is suitably used as a

polishing pad for finishing.

BACKGROUND ART
15 [0002]

Generally, the mirror polishing of semiconductor wafers
such as a silicon wafer etc., lenses, and glass substrates
includes rough polishing primarily intended to regulate
planarity and in-plane uniformity and final polishing primarily

20 intended to improve surface roughness and removal of scratches.
[0003]

The final polishing is carried out usually by rubbing a
wafer against anartificial suede made of flexible urethane foam
stuck to a rotatable platen and simultaneously feeding thereon

25 an abrasive containing a colloidal silica in an alkali-based



0004] As the polishing pad for finishing used in final polishing, the following polishing pads have been
proposed besides those 5 described above. [0005] A suede finishing polishing pad comprising a nap
layer having a large number of long and thin holes (naps) formed with aHo&rfiRg AgentMm the thickness
direction, in polyurethane 10 resin, and a foundation cloth for reinforcing the nap layer is proposed
(Patent Literature 2). [0006] In addition, a polishing cloth having a surface layer having a thickness of 0.2
to 2.0 mm and an elastic 15 compressibility of 50 to 4%, an intermediate support layer laminated on the
back side of thexsudace layear, andrhaviag én thickness o602 to 2 mm and an elastic compressibility of 2
to 0.1%, and a back layer laminated on the back side of the intermediate support layer, and having a
thickness of 0.165°%020 2.0 mm and an elastic compressibility of 50 to 4%, is proposed (Patent Literature
3). 0007] A suede abrasive cloth for final polishing, in which surface roughness is expressed as an

arithmetic average 25 YdUGHNRSS (Ra) T BInT6rieds! 1S hrafosea(PRERT Biteraturé 2 FLP10079TR(SG)
4).

the following polishing pads have been proposed besides those
5 described above.
[0005]
A suede finishing polishing pad comprising a nap layer
having a large number of long and thin holes (naps) formed with
a foaming agent in the thickness direction, in polyurethane
10 resin, and a foundation cloth for reinforcing the nap layer is
proposed (Patent Literature 2).
[0006]
In addition, a polishing cloth having a surface layer
having a thickness of 0.2 to 2.0 mm and an elastic
15 compressibility of 50 to 4%, an intermediate support layer
laminated on the back side of the surface layer, and having a
thickness of 0.2 to 2 mm and an elastic compressibility of 2
to 0.1%, and a back layer laminated on the back side of the
intermediate support layer, and having a thickness of 0.15 to
20 2.0 mm and an elastic compressibility of 50 to 4%, is proposed
(Patent Literature 3).
[0007]
A suede abrasive cloth for final polishing, in which
surface roughness is expressed as an arithmetic average

25 roughness (Ra) of 5 Uum or less, is proposed (Patent Literature



[0008] An abrasive cloth for final polishing, which is provided with a base material part and a surface
layer (nap layer) formed 5 on the base material part, wherein a polyvinyl halide or vinyl halide copolymer
is contained in the surface layer, is proposed (Patent Literature 5). [0009] t% &@ldlitforR eSpolishing fabric
obtained by impregnating 10 a substrate with a resin solution and then heating and drying the substrate
is proposed (Patent Literature 6). [0010] In addition, a polishing fabric obtained by coating a resin
solution containing a polyvinyl halide or a vinyl halide 15 copolymer on a substrate, subjecting the
substrate to wetigoagulation and then heat-treating the substrate is proposed (Patent Literature 7). [0011]
Conventional polishing pads have been produced by a wet 20 curing method. The wet curing method is a
method whereirl 8A08tethane resin solution obtained by dissolving urethane resin in a water-soluble
organic solvent such as dimethylformamide is applied onto a base material, then wet-solidified by

treatment in water, to fOrm & pOroUS gramtSide fayer” whigh 25° 15 then Washed &ith Watéfand dried,
followed by poli%riljcqg <_j(l)be F-P19079TE€{3861C]§)E the gé(asi;r& rsp(,jeclea)ier to form a §urfac§ I@\g{gg1 ér&ap layer) . In

dse materla and ayer (nap Iayer
5 on the base material part, wherein a polyvinyl halide or vinyl
halide copolymer is contained in the surface layer, is proposed
(Patent Literature 5).
[0009]
In addition, a polishing fabric obtained by impregnating
10 a substrate with a resin solution and then heating and drying
the substrate is proposed (Patent Literature 6).
[0010]
In addition, a polishing fabric obtained by coating a
resin solution containing a polyvinyl halide or a vinyl halide
15 copolymer on a substrate, subjecting the substrate to wet
coagulation and then heat-treating the substrate is proposed
(Patent Literature 7).
[0011]
Conventional polishing pads have been produced by a wet
20 curing method. The wet curing method is a method wherein an
urethane resin solution obtained by dissolving urethane resin
in a water-soluble organic solvent such as dimethylformamide
is applied onto a base material, then wet-solidified by
treatment in water, to form a porous grain side layer, which

25 is then washed with water and dried, followed by polishing of



Patent Literature 8, for example, an abrasive cloth for finishing, having roughly spherical holes having an
average particle diameter of 1 to 30 m, is produced by the wet curing 5 method. [0012] However, a
conventional polishing pad had problems that durability is poor and the plafar®Ziig thar&dteristics
gradually deteriorates since the pad has a structure having 10 elongated cells, or a mechanical strength
of a material itself of a surface layer is low. In addition, there was a problem that, in the conventional
polishing pad, a polishing rate is stabilized with difficulty. [0013] 15 Patent Literature 1: JP-A 2003-37089
Patent Literaturen JPsA 20031200682 rPateribkitetatute 82 IP-ARRO2-30+2 93 Ratent Literature 4: JP-A
2004-291155 Patent Literature 5: JP-A 2004-335713 20 Patent Literature 6: JP-A 2005-330621 Patent
Literature 7: JPEA2006-255828 tRatent Litepature 81IP2A 200675914V DISCLOSURE OF THE
INVENTION 25 PROBLEMS TO BE SOLVED BY THE INVENTION 4 F-P10079TR(SG) [0014] An
object of the préséhitihvéfition it rovidglyly spherical holes having an averdge

particle diameter of 1 to 30 um, is produced by the wet curing
5 method.
[0012]

However, a conventional polishing pad had problems that
durability is poor and the planarizing characteristics
gradually deteriorates since the pad has a structure having

10 elongated cells, or a mechanical strength of a material itself
of a surface layer is low. In addition, there was a problem
that, in the conventional polishing pad, a polishing rate is
stabilized with difficulty.

[0013]

15 Patent Literature 1: JP-A 2003-37089

Patent Literature 2: JP-A 2003-100681

Patent Literature 3: JP-A 2002-307293

Patent Literature 4: JP-A 2004-291155

Patent Literature 5: JP-A 2004-335713

20 Patent Literature 6: JP-A 2005-330621

Patent Literature 7: JP-A 2006-255828

Patent Literature 8: JP-A 2006-75914

DISCLOSURE OF THE INVENTION

25 PROBLEMS TO BE SOLVED BY THE INVENTION



polishing pad that is excellent in durability and excellent in stability of a polishing rate. 5 MEANS FOR
SOLVING THE PROBLEMS [0015] The present inventors made extensive study to solve the problem
described above, and as a result, they found that the 10 object can be aéhiBv€d BythéeéSellowing
polishing pad and reached completion of the present invention. [0016] That is, the present invention
relates to a polishing pad comprising a polishing layer arranged on a base material layer, 15 wherein the
polishing layer comprises a thermosetting polyurethane foam containing roughly spherical interconnected
cells having an aperture, the polyurethane foam comprises an isocyanate component and an active
hydrogen-containing compound as starting components, the isocyanate component 20 contains 90% by
weight or more of diphénylrieikaie diisbbyamrates antd/cra anddified prodacttheradf the active
hydrogen-containing compound contains 60 to 98% by weight of polycaprolactonepolyol, and 15 to 40%
by weight of a GSMPSind hBothd tHe ntimbar of fartticnal'y réatti it amn %”i’édc?/anate group of
3, an isocyanatg rgggictoncgptrgtiogl ?Sﬁl—fnloogaQJeR(SG) relative to a total amount of the isocyanate
component and the active hydroggn-contam%g compound is 10 to 15% by weight, and

5
MEANS FOR SOLVING THE PROBLEMS
[0015]
The present inventors made extensive study to solve the
problem described above, and as a result, they found that the
10 object can be achieved by the following polishing pad and
reached completion of the present invention.
[0016]
That is, the present invention relates to a polishing pad
comprising a polishing layer arranged on a base material layer,
15 wherein the polishing layer comprises a thermosetting
polyurethane foam containing roughly spherical interconnected
cells having an aperture, the polyurethane foam comprises an
isocyanate component and an active hydrogen-containing
compound as starting components, the isocyanate component
20 contains 90% by weight or more of diphenylmethane diisocyanate
and/or a modified product thereof, the active
hydrogen-containing compound contains 60 to 98% by weight of
polycaprolactonepolyol, and 15 to 40% by weight of a compound
having the number of functional groups reactive with an

25 isocyanate group of 3, an isocyanate group concentration



the polishing layer has the absolute value of a change rate between compressibility A in the dry condition
and 5 compressibility B in the wet condition ({(B-A)/A}X100) of 100 or less. [0017] It is believed that the
conventional polishing pads, upon repeated application of pressure to th& polishifitfRyer)are 10 liable to
"collapse"” and are poor in durability because cells of the polishing pads have a thin and long structure or
the material of the polishing layer itself is poor in mechanical strength. On the other hand, when a
thermosetting polyurethane foam having roughly spherical interconnected cells having an 15 aperture is
used to form a pelishingdayer as desaribedabove; the duabiliy of the palishing:layer ear be improved.
Accordingly, when the polishing pad of the present invention is used, planarizing characteristics can be
kept high for a loagl periodoptme. Thetermitroughiy sphérical® ¢efers ¥6 20 spherbishaped and oval
sphere-shaped. Oval sphere-shaped cells are those having a ratio of a major axis L/minor axis S (L/S) of
5 or less, preferdbly BOri88s oté préferably s m%gé}l%ﬁoi’@]lllhea@&itﬁnng%%ethéatﬁﬁrmosetting
polyurethane fogerQ:WZeSe rf}orgg)e% oé g%el gtlalriii@g cygrqpor%%rétsdgndccorpéa}i@i%%r%%ly 6 F-P10079TR(SG)
spherical interconnected cells ﬁaving an ap rture,rhas suitable ﬁy rop]hl icity, and a slurry rapidly

pernmﬁnesénu)y&%pressibility B in the wet condition ({(B-2)/A}X100) of 100
or less.
[0017]
It is believed that the conventional polishing pads, upon
repeated application of pressure to the polishing layer, are
10 liable to “collapse” and are poor in durability because cells
of the polishing pads have a thin and long structure or the
material of the polishing layer itself is poor in mechanical
strength. On the other hand, when a thermosetting polyurethane
foam having roughly spherical interconnected cells having an
15 aperture is used to form a polishing layer as described above,
the durability of the polishing layer can be improved.
Accordingly, when the polishing pad of the present invention
is used, planarizing characteristics can be kept high for a long
period of time. The term “roughly spherical” refers to
20 sphere-shaped and oval sphere-shaped. Oval sphere-shaped
cells are those havingaratioof amajor axis L/minor axis S(L/S)
of 5 or less, preferably 3 or less, more preferably 1.5 or less.
[0018]
In addition, since the thermosetting polyurethane foam

25 formed of the starting components, and containing roughly



interior thereof, the polishing layer in the present invention composed of the thermosetting polyurethane
foam has the 5 characteristic that the time until the polishing rate is stabilized is short (dummy polishing
time is short). [0019] In the polishing layer in the present invention, sincer tive ab3diite Yalue of the
change rate between compressibility 10 A in the dry condition and compressibility B in the wet condition
({(B-A)/A}X100) is 100 or less, the difference between compressibility in the dry condition and
compressibility in the wet condition is small and, when wetted, compressibility is reduced with difficulty,
the dummy polishingrtimeicantee 2bshortenede D020k Whentheantentofidighamnytmethane
diisocyanate and/or a modified product thereof in the isocyanate component is less than 90% by weight,
the aggregatingfotceof tie {sdeyanate 20 ebmponemformingea haed dotmaintof thegolyurethane resin is
reduced, and the interconnected cell structure is formed with difficulty. [0021] When the content of the

polycaprolactordpdiydiih tha" 25 4etive fyttogeh-cthtaiiig confPSuRd 58 féls thaiT 8B4 By weight, 7
iFS 'O'EZ?];?E}Tgr(ost%g‘%%%‘él‘%‘%gtg‘z%%%m9889910“%’%%% the pymherQffungtional groups, feactive with the
5 characteristic that the time until the polishing rate is
stabilized is short (dummy polishing time is short).
[0019]
In the polishing layer in the present invention, since
the absolute value of the change rate between compressibility
10 A inthedrycondition and compressibility B in the wet condition
({(B-A)/A}x100) is 100 or less, the difference between
compressibility in the dry condition and compressibility in the
wet condition is small and, when wetted, compressibility is
reduced with difficulty, the dummy polishing time can be
15 shortened.
[0020]
When the content of diphenylmethane diisocyanate and/or
a modified product thereof in the isocyanate component is less
than 90% by weight, the aggregating force of the isocyanate
20 component forming a hard domain of the polyurethane resin is
reduced, and the interconnected cell structure is formed with
difficulty.
[0021]

When the content of the polycaprolactonepolyol in the

25 active hydrogen-containing compound is less than 60% by weight,



hydrogen-containing compound is less than 15% by weight, the difference between compressibility in the
dry condition and 5 compressibility in the wet condition becomes large, and the dummy polishing time
becomes long, thus being not preferable. 0022] On the other hand, wher thel €8riteRt ofthe
polycaprolactonepolyol in the active hydrogen-containing 10 compound is more than 98% by weight, or
when the compound having the number of functional groups reactive with an isocyanate group of 3in
the active hydrogen-containing compound is more than 40% by weight, fit with a slurry is deteriorated
and the polishibg ratesis redticecrhecausenafinctease imthechardnessudbafdhe palishinglayer, thus
being not preferable. 0023] In addition, when the concentration of the isocyanate group relative to the
total amount of Tise idocyanate toponermcand ahe activerhydfogencomtainiig eégmpound is less than
10% 20 by weight, since the hardness of the polishing layer is reduced, the polishing rate is reduced and,
when the concgm%fb%ei%_ﬁ?&iéathﬁh%%oﬁ?w&& Sinée the hardress BY thé pdlishing fayer becomes
too high, the polggilp rate is Je uced, and a scratcbhl'is. %asillyng%rﬂgrac{%d in qrqdol%ject to bg polished. 25

g
[0024] 8 F-P10079T §(%§eln a ali%gn, it is preferable tllwa{ in the therm\o/sé:t%nglpdl%reafﬁane foam, the

weight chapge g After JNIMEESION Il the wet condition becomes large, and the
dummy polishing time becomes long, thus being not preferable.
[0022]
On the other hand, when the content of the
polycaprolactonepolyol in the active hydrogen-containing
10 compound is more than 98% by weight, or when the compound having
the number of functional groups reactive with an isocyanate
group of 3 in the active hydrogen-containing compound is more
than 40% by weight, fit with a slurry is deteriorated and the
polishing rate is reduced because of increase in the hardness
15 of the polishing layer, thus being not preferable.
[0023]
In addition, when the concentration of the isocyanate
group relative to the total amount of the isocyanate component
and the active hydrogen-containing compound is less than 10%
20 by weight, since the hardness of the polishing layer is reduced,
the polishing rate is reduced and, when the concentration is
more than 15% by weight, since the hardness of the polishing
layer becomes too high, the polishing rate is reduced, and a
scratch is easily generated in an object to be polished.

25 [0024]



water for 24 hours is 10% or more. When the weight change rate is less than 10%, since fit with a slurry
is deteriorated, the 5 polishing rate tends to be reduced. [0025] It is preferable that the polishing layer is
self-adhered to the base material layer. Thereby, separation of the polishirR)LI&yé? Brédshe base material
layer can be effectively 10 prevented during polishing. [0026] In addition, it is preferable that the
thermosetting polyurethane foam has the interconnected cell structure having the average cell diameter
of 40 to 100 Jim, and the average 15 aperture diameter of 5 to 30 Jim. By adjusting the average cell
diameter and the average apertuie djametes ipthedanges, watey nstantdycgeestroeughayt the polishing
layer without preventing water from permeating into the polishing layer, attaining the saturated/stabilized
state. In additiono slighte2d peduéticin ebmpressibilityduesto sweklingtcar benprevented by the orifice
effect (resistance due to entrance and exit of a fluid into and from an interconnected hole) of water (fluid)

at compression"gction. 0271 25 Fhe preddrit ivEItiS aldl Félai To"s hethod i 96 EPT0079TR(SG)
sg?;‘i‘é?ﬁéﬂé?gr a\lN %%‘%%?v‘s?tﬁﬁa‘;%oﬁ device, which;comprises astep, of polishing te;surtace,of a
5 polishing rate tends to be reduced.
[0025]

It is preferable that the polishing layer is self-adhered
to the base material layer. Thereby, separation of the
polishing layer and the base material layer can be effectively

10 prevented during polishing.
[0026]

In addition, it is preferable that the thermosetting
polyurethane foam has the interconnected cell structure having
the average cell diameter of 40 to 100 um, and the average

15 aperture diameter of 5 to 30 um. By adjusting the average cell
diameter and the average aperture diameter in the ranges, water
instantly goes throughout the polishing layer without
preventing water from permeating into the polishing layer,
attaining the saturated/stabilized state. In addition, slight

20 reduction in compressibility due to swelling can be prevented
by the orifice effect (resistance due to entrance and exit of
a fluid into and from an interconnected hole) of water (fluid)
at compression action.

[0027]

25 The present invention also relate to a method for



polishing pad described above. 5 BRIEF DESCRIPTION OF DRAWINGS [0028] Fig. 1 is a schematic
illustration showing one example of a conventional polishing apparatus used in CMP polishing. 10
DESCRIPTION OF SYMBOLS [0029] 1: Polishing pad 2: Polishing platehi-3:1A8rasirel fguid (slurry) 15 4:
Object to be polished (semiconductor wafer, lens, and glass substrate) 5: Supporting stand (polishing
head) 6, 7: Rotating shaft 20 BEST MODE FOR CARRYING OUT THE INVENTION 0030] The polishing
pad of the present invention comprises a polishing layer composed of a thermosetting polyurethane foam
containing roughhnspherical intereonarcteshcells bavingvan 2b aperure thereinafterarefesed to as
polyurethane foam), and 10 F-P10079TR(SG) a base material layer. Then, the thermosetting
polyurethane feamrsomplises anfisoeyanatescorhpanearandairacive hpdrogentcdntaising compound
as starting components, the isocyanate component contains 90% by weight or more of 5

diphenylmethar® diisdcyxhaté aridisra mhedifitipidduct thereof,

5 BRIEF DESCRIPTION OF DRAWINGS
[0028]
Fig. 1 is a schematic illustration showing one example

of a conventional polishing apparatus used in CMP polishing.

10 DESCRIPTION OF SYMBOLS
[0029]
1: Polishing pad
2: Polishing platen
3: Abrasive liquid (slurry)
15 4: Object to be polished (semiconductor wafer, lens, and glass
substrate)
5: Supporting stand (polishing head)

6, 7: Rotating shaft

20 BEST MODE FOR CARRYING OUT THE INVENTION
[0030]
The polishing pad of the present invention comprises a
polishing layer composed of a thermosetting polyurethane foam
containing roughly spherical interconnected cells having an

25 aperture (hereinafter referred to as polyurethane foam), and

10



the active hydrogen-containing compound contains 60 to 98% by weight of polycaprolactonepolyol, and
15 to 40% by weight of a compound having the number of functions reactive with an isocyanate group of
3, and a concentration of an isocyanate 10 group relative to the total amdumt bf 8né TSocyahate component
and the active hydrogen-containing compound is 10 to 15% by weight. [0031] The polyurethane resin is a
preferable material for 15 forming the polishing layer because it is excellent in abrasion resistance, a
polyurethane polymer having desired physical properties can be easily obtained by changing its raw
material compasitiaBeand teughly spRerical fine cells canthe easiy Hormedddy aunechanical foaming
method (including a mechanical 20 frothing method). 0032] The polyurethane resin comprises an
isocyanate comfpoient camd apeactive Rydragenacontaining tontpeunsd a(higivmiolecular-weight polyol,
low-molecular-weight polyol, 25 alcoholamine and chain extender etc.). 11 F-P10079TR(SG) 0033] In
the present invéﬁ%‘rﬁqﬁ%_ﬁé’&%?& uSBBipHEhyimefiidte diSo&yaMte dhdior &'todified product

thereof as an Isocyanate tcgmc%on%rg.erlligaéno%lgglorgéj@kéeﬁn)glryne%g%%g; %l}lfsomc(yragag% (MDI) include

2,2'-diphenylmeltﬁaﬁga&fi%ocyanént%,
5 diphenylmethane diisocyanate and/or a modified product thereof,
the active hydrogen-containing compound contains 60 to 98% by
weight of polycaprolactonepolyol, and 15 to 40% by weight of
a compound having the number of functions reactive with an
isocyanate group of 3, and a concentration of an isocyanate
10 group relative to the total amount of the isocyanate component
and the active hydrogen-containing compound is 10 to 15% by
weight.
[0031]
The polyurethane resin is a preferable material for
15 forming the polishing layer because it is excellent in abrasion
resistance, a polyurethane polymer having desired physical
properties can be easily obtained by changing its raw material
composition, and roughly spherical fine cells can be easily
formed by a mechanical foaming method (including a mechanical
20 frothing method) .
[0032]
The polyurethane resin comprises an isocyanate component
and an active hydrogen-containing compound
(high-molecular-weight polyol, low-molecular-weight polyol,

25 alcoholamine and chain extender etc.).

11



2,4'-diphenylmethane diisocyanate, and 4,4'-diphenylmethane diisocyanate. Examples of the modified
MDI include carbodiimide-modified MDI, urethane-modified MDI, allophanate-modified MDI, and
buret-modified MDI. 10 [0034] The number of isocyanate groups of diphehyfethaHeR tisocyanate and/or
a modified product thereof is preferably 2 to 2.1. [0035] 15 It is necessary to use diphenylmethane
diisocyanate and/or a modified product thereof at 90% by weight or more, preferably 98% by weight or
more in the total isocyanate component. [0036] 20 As the other isocyanate component, a compound
known in the figldoaf3polyurethane can be used without particular limitation. The other isocyanate
component includes, for example, aromatic diisocyanates such as 2,4-toluene diisocyanate, 2,6-toluene
diisocyanate, 1,5-naphthaléhe 25 disotyanate p-phenyleneldiisooyanate, ymtpghemdene 12
F-P10079TR(SG) diisocyanate, p-xylylene diisocyanate and m-xylylene diisocyanate, aliphatic
diisocyanates sUCRHE'E I’tﬁigédysa‘?%@??ffﬁﬁﬁﬁ@tﬂﬁi %Qé%ﬂeﬁﬁﬁéﬁgﬂﬁ%{éﬁ}ﬁﬁﬁ and

éigg'c‘i/);irgteg‘y'gé‘ea%iis&‘? apate, and gycloaliphatic b diisocyanates,sugh as,1id:qyglohexane
5 diisocyanate (MDI) include 2,2'-diphenylmethane diisocyanate,
2,4"'"-diphenylmethane diisocyanate, and 4,4'-diphenylmethane
diisocyanate. Examples of the modified MDI include
carbodiimide-modified MDI, urethane-modified MDI,
allophanate-modified MDI, and buret-modified MDI.

10 [0034]

The number of isocyanate groups of diphenylmethane
diisocyanate and/or a modified product thereof is preferably
2 to 2.1.

[0035]

15 It is necessary to use diphenylmethane diisocyanate
and/or a modified product thereof at 90% by weight or more,
preferably 98% by weight or more in the total isocyanate
component.

[0036]

20 As the other isocyanate component, a compound known in
the field of polyurethane can be used without particular
limitation. The other isocyanate component includes, for
example, aromatic diisocyanates such as 2,4-toluene
diisocyanate, 2,6-toluene diisocyanate, 1,5-naphthalene

25 diisocyanate, p-phenylene diisocyanate, m-phenylene

12



4.4'-dicyclohexyl methane diisocyanate, isophorone diisocyanate and norbornane diisocyanate. These
may be used alone or as a mixture of two or more thereof. [0037] 10 In the present invention, it is
necessary to use polycaprolactonepolyol as a high-molecular-weight poljoE 1EXaifphesS 6 the
polycaprolactonepolyol include polycaprolactonediol, polycaprolatconetriol, and polycaprolactonetetraol.
These may be used alone, or two or 15 more kinds thereof may be used together. Particularly, it is
preferable that polycaprolactonediol and polycaprolactonetriol are used. In that case, it is preferable to
use polycaprolatiarediphat 02 tap1Qweightréold retativea ta pelycaprelactanateak It is necessary that 20
polycaprolactonepolyol is used at 60 to 98% by weight, preferably 65 to 90% by weight in the total active
hydrogen-contaiiihgcompetad. By uging tive dpecifiedaambant vfpolycaprotactenepolyol, the difference
between compressibility in the dry condition and compressibility in the 25 wet condition becomes small,
and suitable fit RithSCSKRFEaN 13P-P1OOBTRISGY BEipareats the gslihing idyer Additionally, it

becomes easy {0 é‘gglné an inter nngci[jgd cell structure. L%%%yT&e n rinpqlegia\/cerage molecular weight of

5 pochaprola(:tor'lepoIyi%?]lﬂéerti'oty particularly limited. buf is o9

5 diisocyanates such as 1,4-cyclohexane diisocyanate,
4,4’ -dicyclohexyl methane diisocyanate, isophorone
diisocyanate and norbornane diisocyanate. These may be used
alone or as a mixture of two or more thereof.
[0037]

10 In the present invention, it is necessary to use
polycaprolactonepolyol as a high-molecular-weight polyol.
Examples of the polycaprolactonepolyol include
polycaprolactonediol, polycaprolatconetriol, and
polycaprolactonetetraol. These may be used alone, or two or

15 more kinds thereof may be used together. Particularly, it is
preferable that polycaprolactonediol and
polycaprolactonetriol are used. In that case, it is preferable
to use polycaprolactonediol at 0.2 to 10 weight-fold relative
to polycaprolactonetriol. It is necessary that

20 polycaprolactonepolyol is used at 60 to 98% by weight,
preferably 65 to 90% by weight in the total active
hydrogen-containing compound. By using the specified amount
of polycaprolactonepolyol, the difference between
compressibility in the dry condition and compressibility in the

25 wet condition becomes small, and suitable fit with a slurry can

13



preferably 500 to 2000, more preferably 500 to 1500 from a viewpoint of elasticity properties of
polyurethane to be obtained. When the number-average molecular weight is less than 500, polyurethane
using this has not sufficient elasticity 10 properties, and easily becomes & fragilé€ poiymes )For this
reason, a polishing layer made from this polyurethane foam becomes too hard, and a scratch is easily
generated on a surface of an object to be polished. On the other hand, when the number-average
molecular weight is more than 2000, polyurethane 15 using this becomes too soft. Therefore, there is a
tendency that the pelishingdayer camposednf this pohwurethane foasnhas yoeterioratedesirability. 0039]
As the other high-molecular-weight polyol, a compound 20 known in the field of polyurethane can be
used without paraiculdrlirhitation. The higlv-molectike-weight polyottinckuides, for example, polyether
polyols represented by polytetramethylene ether glycol and polyethylene glycol, polyester polyols
represented by b i tylene adipate, 25 polyester polycarbonate polyols exemplified by reaction 14
F-P10079TR(SG) pro%cets of r%’l e_sﬁtI(\e]r dgl%col rsﬂg&% as poly%aeplrotl%ct(o)rige with alkylene carbonate,

r

n e ] ular . .
polyester polycarbonate polygls obtaine ?/ reacting etﬁylene carbonate with a multivalent alcohol and

reacting the resyling-rgaction-mbxiure, with1an grganic dicarbaxylic acid,pelygarhenratepolyols obtained
by ester
preferably 500 to 2000, more preferably 500 to 1500 from a
viewpoint of elasticity properties of polyurethane to be
obtained. When the number-average molecular weight is less
than 500, polyurethane using this has not sufficient elasticity
10 properties, and easily becomes a fragile polymer. For this
reason, a polishing layer made from this polyurethane foam
becomes too hard, and a scratch is easily generated on a surface
of an object to be polished. On the other hand, when the
number—-average molecular weight is more than 2000, polyurethane
15 using this becomes too soft. Therefore, there is a tendency
that the polishing layer composed of this polyurethane foam has
deteriorated durability.
[0039]
As the other high-molecular-weight polyol, a compound
20 known in the field of polyurethane can be used without
particular limitation. The high-molecular-weight polyol
includes, for example, polyether polyols represented by
polytetramethylene ether glycol and polyethylene glycol,
polyester polyols represented by polybutylene adipate,

25 polyester polycarbonate polyols exemplified by reaction

14



exchange reaction of a polyhydroxyl compound with aryl carbonate, and polymer polyols such as
polyether polyol in which polymer particles are dispersed. These may be used singly or as a mixture of
two or more thereof. 10 [0040] In addition, in the present invention, it is nEc&ssHy YfRUSE & compound
having the number of functional groups reactive with an isocyanate group of 3. Examples of the
compound include a high-molecular-weight polyol having the 15 number of functional groups of 3 such as
polycaprolactonetriol; low-molecular-weight triol such as trimethylolpropane, glycerin, triethanolamine,
and 1,2,6-hexapetsiolic ebcahplamine sueh asimepoethanolamine, dietharalaminecand t h
monopropanolamine. These may be used alone, or two or more 20 kinds thereof may be used together. It
is particularly préferableetiatpotyleaprolaeforrettielrand trinrathyloidropanky até useidh itischecessary to
use the compound having the number of functional groups of 3 at 15 to 40% by weight, preferably 25 to

40% by weight IV tH€ tStal 88T T aGe fcammamiTg 25-Compourid. By Geing i€ 8peéciitd amount of the
compound haviggaégiF-P Qr979TR(uSl@' the rnuml%er of funcgonal gral saof 3, swelling in the wet

condition, and generatlgan of scratches due to t %Chfb%%r hardness of the pnoli%ﬁ?nagnféiler can be

suppressed. In addifion, iy becomesieasy 1q form the intefconnected cell structyre. o5 {Q041]
exchange reaction of a polyhydroxyl compound with aryl
carbonate, and polymer polyols such as polyether polyol in which
polymer particles are dispersed. These may be used singly or
as a mixture of two or more thereof.
10 [0040]

In addition, in the present invention, it is necessary
to use a compound having the number of functional groups
reactive with an isocyanate group of 3. Examples of the
compound include a high-molecular-weight polyol having the

15 number of functional groups of 3 such as polycaprolactonetriol;
low—-molecular-weight triol such as trimethylolpropane,
glycerin, triethanolamine, and 1,2,6-hexanetriol;
alcoholamine such as monoethanolamine, diethanolamine, and
monopropanolamine. These may be used alone, or two or more

20 kinds thereof may be used together. It is particularly
preferable that polylcaprolactonetriol and trimethylolpropane
are used. It is necessary to use the compound having the number
of functional groups of 3 at 15 to 40% by weight, preferably
25 to 40% by weight in the total active hydrogen-containing

25 compound. By using the specified amount of the compound having
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In addition, low-molecular-weight components such as low-molecular-weight polyols such as ethylene
glycol, 1,2-propylene glycol, 1,3-propylene glycol, 1,2-butanediol, 1,3-butanediol, 1,4-butanediol,
2,3-butanediol, 10 1,6-hexanediol, neopentyl glycol, 1,4-cyclohexanedimé&thahof,’9TR (SG)
3-methyl-1,5-petanediol, diethylene glycol, triethylene glycol, 1,4-bis(2-hyroxyethoxy)benzene,
pentaerythritiol, tetramethylolcyclohexane, methylglucoside, sorbitol, mannitol, dulcitol, sucrose, 15
2,2,6,6-tetrakis(hydroxymethyl)cyclohexanol, and N-methyldiethanolamin; low-molecular-weight
polyamines sucthasrethylenesifamine; tolydenediamine, diphepykmethanegliaming,candt
diethylenetriamine; and alcoholamines such as 2-(2-aminoethylamino)ethanol may be used together.
These 20 low-rmeletilacweighttampenentsomaybhes ased diese coretwier ok ol kirrds thereof may be
used together. 0042] Among them, it is preferable to use the low-molecular-weight component having a
hydroxy group VAIGE TS 55 Ak Affite vafe sr 10607 t6 2066 e REMGEA: hydfox§ Grbipalue 16
F-P10079TR(S:CL;Q gr.an amine valugois more Qr}gferab%]lgoo to ]t560 rcneglgﬁosl—tlﬂga(\:Nhen a hydroxy group

value or an amine value is less than 1000 mg K8H178, ere is a ten ency that an e?t%%?of improving

conversiongnto jptesggnnected cells is not sufficiently 5 obtained. On the other hand, when a hydroxy

group value or an
In addition, low-molecular—-weight components such as

low—-molecular—-weight polyols such as ethylene glycol,
1,2-propylene glycol, 1,3-propylene glycol, 1,2-butanediol,
1,3-butanediol, 1,4-butanediol, 2,3-butanediol,

10 1, 6-hexanediol, neopentyl glycol, 1,4-cyclohexanedimethanol,
3-methyl-1, 5-petanediol, diethylene glycol, triethylene
glycol, 1,4-bis(2-hyroxyethoxy)benzene, pentaerythritiol,
tetramethylolcyclohexane, methylglucoside, sorbitol,
mannitol, dulcitol, sucrose,

15 2,2,6,6-tetrakis (hydroxymethyl)cyclohexanol, and
N-methyldiethanolamin; low-molecular-weight polyamines such
as ethylenediamine, tolylenediamine, diphenylmethanediamine,
and diethylenetriamine; and alcoholamines such as
2—(2—aminoethylamino)ethanol may be used together. These

20 low—-molecular—-weight components may be used alone, or two or
more kinds thereof may be used together.

[0042]
Among them, it is preferable to use the
low—-molecular—-weight component having a hydroxy group value or

25 an amine value of 1000 to 2000 mg KOH/g. A hydroxy group value
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amine value is more than 2000 mg KOH/g, there is a tendency that a scratch is easily generated on a
wafer surface. Particularly, it is preferable to use diethylene glycol, 1,2-propylene glycol, 1,3-butanediol,
and 1,4-butanediol. 10 [0043] It is preferable to use the low-molecular-weight! e8niicherit)at 2 to 15% by
weight, preferably 2 to 12% by weight in the total active hydrogen-containing compound. By using the
specified amount of the low-molecular-weight component, a cell 15 membrane is easily broken, and not
only it becomes easy to form interconnected cells, but also mechanical properties of the polyurethane
foam become goeod.0844) dnthe case wheeepa polyrethane foam isqprodiucrdiyymeans: 20 of a
prepolymer method, a chain extender is used in curing of a prepolymer. A chain extender is an organic
compound haviaghat least t@ocantiveaRydroge ngraups and ekampleslsfthetdctivel tyeragen group
include: a hydroxyl group, a primary or secondary amino gro% a thiol group (SH) and the like. Concrete

examples 25 of the Bhain Extender thclGdepsiVaminés SUch @St FRP16B79TR(8E)
4,4'-methylenehis(o-chlor Oa”iyﬁ‘%{;(“@%gp‘r)czh&g@:cthel ro-RPhenylenediamine, ., neyy

4,4'-methylenek§:|s 2,§?d?éﬁlgroani ine), §,5 Bls?methy thio)-2,4-toluenediamine, 5

3,5-bis(methylthjg)-2;6:teluengdiamings her hand, when a hydroxy group value or an
amine value is more than 2000 mg KOH/g, there is a tendency that
a scratchiseasily generated on awafer surface. Particularly,
it is preferable to use diethylene glycol, 1,2-propylene glycol,
1,3-butanediol, and 1,4-butanediol.
10 [0043]

It is preferable to use the low-molecular-weight
component at 2 to 15% by weight, preferably 2 to 12% by weight
in the total active hydrogen—-containing compound. By using the
specified amount of the low—-molecular—-weight component, a cell

15 membrane is easily broken, and not only it becomes easy to form
interconnected cells, but also mechanical properties of the
polyurethane foam become good.

[0044]

In the case where a polyurethane foam is produced by means

20 of a prepolymer method, a chain extender is used in curing of
a prepolymer. A chain extender is an organic compound having
at least two active hydrogen groups and examples of the active
hydrogen group include: a hydroxyl group, a primary or secondary
amino group, a thiol group (SH) and the 1ike. Concrete examples

25 of the chain extender include: polyamines such as
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3,5-diethyltoluene-2,4-diamine, 3,5-diethyltoluene-2,6-diamine, trimethylene glycol-di-p-aminobenzoate,
polytetramethylene oxide-di-p-aminobenzoate, 10 4,4'-diamino-3,3',5,5'-tetraethyldiphenylmethane,
4,4'-diamino-3,3'-diisopropyl-5.5'-dimethyldiphenylmethane, F-P10079TR (SG)
4,4'-diamino-3,3',5,5'-tetraisopropyldiphenylmethane, 1,2-bis(2-aminophenylthio)ethane,
4,4'-diamino-3,3'-diethyl-5.5'-dimethyldiphenylmethane, 15 N,N'-di-sec-butyl-4,4'-diaminophenylmethane,
3,3'-diethyl-4,4'-diaminodiphenylmethane, m-xylylenediamine, N,N'-di-sec-butyl-p-phenylenediamine,
m-phenylenediamire-and hpatydenediamines lovwmolecaleruweight polyol component; and a
low-molecular-weight polyamine component. The chain 20 extenders described above may be used
either alone or i dhddrd lofrwockints oy ore 16048¢ An addition, in the present invention, it is
necessary that the concentration of an isocyanate group relative to the 25 total amount of the isocyanate
component and'thé a@ti/ie'¥8 E2P160 TOTR(SE) hyardgen-tbiitaining compound is 10 to 15% by weight,
preferably 12 t% ,15’33/18 lby(vrggiémtl OlAgJ @talltj_ch%%e%%agﬁocexanate component and an active 5
hydrogen-containing compouna/ in the invention can be altere

5 3,5-bis(methylthio)-2,6-toluenediamine,

3,5-diethyltoluene-2,4-diamine,
3,5-diethyltoluene-2,6-diamine, trimethylene
glycol-di-p-aminobenzoate, polytetramethylene
oxide-di-p—aminobenzoate,

10 4,4’'-diamino-3,3’,5,5’'-tetraethyldiphenylmethane,

4,4’ -diamino-3,3’'-diisopropyl-5.5"-dimethyldiphenylmethane,
4,4’'-diamino-3,3’,5,5'-tetraisopropyldiphenylmethane,
1,2-bis(2-aminophenylthio)ethane,

4,4’ -diamino-3,3"'-diethyl-5.5’'-dimethyldiphenylmethane,

15 N,N’-di-sec-butyl-4,4’'-diaminophenylmethane,
3,3"-diethyl-4,4’'-diaminodiphenylmethane, m-xylylenediamine,
N,N’-di-sec-butyl-p-phenylenediamine, m-phenylenediamine and
p—xylylenediamine; low-moleculer—-weight polyol component; and
a low-molecular-weight polyamine component. The chain

20 extenders described above may be used either alone or in mixture
of two kinds or more.

[0045]
In addition, in the present invention, it is necessary
that the concentration of an isocyanate group relative to the

25 total amount of the isocyanate component and the active
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in various ways according to molecular weights thereof, desired physical properties of polyurethane foam
and the like. In order to obtain polyurethane foam with desired polishing characteristics, a ratio of the
number of isocyanate groups in 10 an isocyanate component relative to Bt8tdl hitABesef active
hydrogen groups (hydroxyl groups + amino groups) in an active hydrogen-containing compound is
preferably in the range of from 0.80 to 1.20 and more preferably in the range of from 0.99 to 1.15. When
the number of isocyanate groups is outside the 15 aforementioned range, there is a tendency that curing
deficiency is cansedoreguirecthspecifia gravity antinagdess ase ngt wbiajned, @andcpeksiling property is
deteriorated. 0047] A polyurethane resin can be produced by applying a melting 20 method, a solution
method or a knéwntpolymerizationtethnique, among which preferable is a melting method, consideration
being given to a cost, a working environment and the like. [0048] Manufacture of a polyurethane resin is
enabled by medi® 5 of either a prepolymer method or a one shot method. 19 F-P10079TR(SG) 0049]
The isocyanate-termingted_prepolymer is preferably a_ prepolymer having a molecular weight of about
800 t0 5000 because of 1S excelient workabilty. phySical properise sic. &10080] =~ T+

5 hydrogen-containing compound in the invention can be altered
in various ways according tomolecular weights thereof, desired
physical properties of polyurethane foamand the 1ike. In order
to obtain polyurethane foam with desired polishing
characteristics, a ratio of the number of isocyanate groups in

10 an isocyanate component relative to a total number of active
hydrogen groups (hydroxyl groups + amino groups) in an active
hydrogen-containing compound is preferably in the range of from
0.80 to 1.20 and more preferably in the range of from 0.99 to
1.15. When the number of isocyanate groups is outside the

15 aforementioned range, there is a tendency that curing
deficiency is caused, required specific gravity and hardness
are not obtained, and polishing property is deteriorated.
[0047]

A polyurethane resin can be produced by applying a melting

20 method, a solution method or a known polymerization technique,
among which preferable is amelting method, consideration being
given to a cost, a working environment and the like.

[0048]
Manufacture of a polyurethane resin is enabled by means

25 of either a prepolymer method or a one shot method.
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Production of the polyurethane resin is to mix a first component containing the isocyanate-containing
compound and a second component containing the active hydrogen-containing compound, and cure the
mixture. In the prepolymer method, the 10 isocyanate-terminal prepolyméti5tRé€ Tsgdyarfate-containing
compound, and a chain extender is the active hydrogen-containing compound. In the one shot method,
the isocyanate component is the isocyanate-containing compound, and the chain extender and the
polyol component 15 (high-molecular-weight polyol, low-molecular-weight polyol, alcoholamine etc.) is
the active hydrogemteontaining compound. [0051] The polyurethane foam as the material for forming the
polishing layer is produced by a mechanical foaming method 20 (including a mechanicalfrothingmethod)
using a silicone-based Twfdctant, §00521 Particularty a rrechahics foaming piethodlysiag a
silicone-based surfactant which is a copolymer of 25 polyalkylsiloxane and polyether is preferable. As

such the 20 F-P16B79TREC)2¥ilitBne-BasetSufactant 98H-192 aRg1-53%0 (nranifattured by Toray
D oo SHegn ot 10, DA, OB L, g e 2
5 [0050]
Production of the polyurethane resin is to mix a first
component containing the isocyanate-containing compound and a
second component containing the active hydrogen-containing
compound, and cure the mixture. In the prepolymer method, the
10 isocyanate-terminal prepolymer is the isocyanate-containing
compound, and a chain extender is the active
hydrogen-containing compound. In the one shot method, the
isocyanate component is the isocyanate-containing compound,
and the chain extender and the polyol component
15 (high-molecular-weight polyol, low-molecular-weight polyol,
alcoholamine etc.) is the active hydrogen—-containing compound.
[0051]
The polyurethane foam as the material for forming the
polishing layer is produced by a mechanical foaming method
20 (including a mechanical frothingmethod) using a silicone-based
surfactant.
[0052]
Particularly, a mechanical foaming method using a
silicone-based surfactant which is a copolymer of

25 polyalkylsiloxane and polyether is preferable. As such the
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polyurethane foam at preferably 2 to 10% by weight, more preferably 3 to 6% by weight. [0054] Various
additives may be mixed; such as a stabilizer 10 including an antioxidant, a lubricant, a pigment, a filler,
an antistatic agent and others. [0055] Description will be given of an example &f 2%F@tt%éd of producing a
polyurethane foam constituting a polishing layer 15 below. A method of manufacturing such a
polyurethane foam has the following steps. [0056] (1) The first component wherein a silicon-based
surfactant is added to an isocyanate-terminated prepolymer 20 produced by an isocyanate component
with a high-moleculataveight pelyal or thedikeds mechanically 1stgrem in the presance-afian unreactive
gas, to disperse the unreactive gas as fine cells thereby forming a cell dispersion. Then, the second
component containirg Bhdiry extenterSareiadded 25 to,ldmd mixBd4dith,(thencélh dispersidrivto prepare a

cell 21 F-P10079TR(SG) . dispersed urethane composition. If necessary, a catalyst may be added to the
second comporiéht 0057 ¢2) A SititSr-basetCsGriattant is added Tothe et S Comisotsht containing an
isocyanate comp@(%agl} (or an

5 The silicone-based surfactant is added to the
polyurethane foam at preferably 2 to 10% by weight, more
preferably 3 to 6% by weight.

[0054]
Various additives may be mixed; such as a stabilizer
10 including an antioxidant, a lubricant, a pigment, a filler, an
antistatic agent and others.
[0055]
Description will be given of an example of a method of
producing a polyurethane foam constituting a polishing layer
15 below. A method of manufacturing such a polyurethane foam has
the following steps.
[0056]
(1) The first component wherein a silicon-based
surfactant is added to an isocyanate-terminated prepolymer
20 produced by an isocyanate component with a
high-molecular-weight polyol or the like is mechanically
stirred in the presence of an unreactive gas, to disperse the
unreactive gas as fine cells thereby forming a cell dispersion.
Then, the second component containing chain extender are added

25 to, and mixed with, the cell dispersion to prepare a cell
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isocyanate-terminated prepolymer) and/or the second component containing active hydrogen-containing
compounds, and the component(s) to which the silicon-based surfactant is added is mechanically stirred
in the presence of an unreactive gas, to 10 disperse the unreactive gas a8 fiel€elts thereby forming a cell
dispersion. Then, the remaining component is added to, and mixed with, the cell dispersion to prepare a
cell dispersed urethane composition. [0058] 15 (3) A silicon-based surfactant is added to at least either
of the first component containing an isocyanate component (or an isocyanate-terminated prepolymer) or
the second componentseantainirtghactive hydeagen-containing cosmpaynds, anddhe Jirsi-and second
components are mechanically stirred in the presence 20 of an unreactive gas, to disperse the unreactive
gas as fine cellsathefelsy! prepaiing acelndisperseeharethane composition. [0059] Alternatively, the cell
dispersed urethane composition maybe prepared by a mechanical frothing method. The mechanical 25
frothing method'i$% fethod wherein starting components are 22 F-P10079TR(SG) introduced into a

mixing chamber, while %\Q)UQ{eaﬂiv% a§bigsrenoilx%ql£ arg{ndnacndigheag\éétgr%ios ixe(%ypggr stirring with a
mixer such as an Oaks mixer tﬁerelby ispersing the unreactive gas in a fine-ce Fstate in the starting

mixture. The 5 meghanical frathing:method is apreferablemethed hecause.a an
isocyanate-terminated prepolymer) and/or the second component
containing active hydrogen-containing compounds, and the
component (s) to which the silicon-based surfactant is added is
mechanically stirred in the presence of an unreactive gas, to

10 disperse the unreactive gas as fine cells thereby forming a cell
dispersion. Then, the remaining component is added to, and
mixed with, the cell dispersion to prepare a cell dispersed
urethane composition.

[0058]

15 (3) Asilicon-based surfactant is added to at least either
of the first component containing an isocyanate component (or
an isocyanate-terminated prepolymer) or the second component
containing active hydrogen—-containing compounds, and the first
and second components are mechanically stirred in the presence

20 of an unreactive gas, to disperse the unreactive gas as fine
cells thereby preparing a cell dispersed urethane composition.
[0059]

Alternatively, the cell dispersed urethane composition
may be prepared by a mechanical frothingmethod. The mechanical

25 frothing method is a method wherein starting components are
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density of the polyurethane foam can be easily adjusted by regulating the amount of an unreactive gas
mixed therein. In addition, the efficiency of production is high because the polyurethane foam having
roughly spherical fine cells can be 10 continuously formed. [0060] The ufreaktivé gas(g&ed for forming
fine bubbles is preferably not combustible, and is specifically nitrogen, oxygen, a carbon dioxide gas, a
rare gas such as helium and argon, 15 and a mixed gas thereof, and the air dried to remove water is
most preferable in respect of cost. [0061] As a stirring device for dispersing an unreactive gas in a
fine-cell state, amtknownslirdng sleices candpe-nsedavithouwti 28 particulardimitation;,.and specific
examples include a homogenizer, a dissolver, a twin-screw planetary mixer, a mechanical froth foaming
machine etc. The shdpehsfre stirring blade ofithieustirring deviee isnstparticularlydimited, and a
whipper-type stirring blade is preferably used to form fine 25 cells. For obtaining the intended
polyurethane fd&?ﬁ,%é%?%l@@?@ﬁ%(%f%ﬁ%%? O YePoRRiONS G St hIate g preferably 500

to 2000 rpm, mare prefera@xrgeoo toﬁSO(garlQrg. The %tirring tinee IS suitatbl¥ergguﬁatgd depending on the

intended densitg/és[oéé]Z]aS Ina ﬁrce?erabie modé,ndiﬁe?eﬁqt satﬁrlﬁg Uevices are use

5 mechanical frothing method is a preferable method because a
density of the polyurethane foam can be easily adjusted by
regulating the amount of an unreactive gas mixed therein. 1In
addition, the efficiency of production is high because the
polyurethane foam having roughly spherical fine cells can be

10 continuously formed.
[0060]

The unreactive gas used for forming fine bubbles 1is
preferably not combustible, and is specifically nitrogen,
oxygen, a carbon dioxide gas, a rare gas such as helium and argon,

15 and a mixed gas thereof, and the air dried to remove water is
most preferable in respect of cost.
[0061]
As a stirring device for dispersing an unreactive gas in
a fine-cell state, any known stirring deices can be used without
20 particular limitation, and specific examples include a
homogenizer, a dissolver, a twin-screw planetary mixer, a
mechanical froth foaming machine etc. The shape of a stirring
blade of the stirring device is not particularly limited, and
a whipper—-type stirring blade is preferably used to form fine

25 cells. For obtaining the intended polyurethane foam, the
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for preparing a cell dispersion in the foaming process and for stirring the first and the second components
to mix them, respectively. Stirring in the mixing step may not be stirring for forming cells, and a stirring
device not generating large 10 cells is preferably used in the mixing step FS&EH & ’'stifAngCdevice is
preferably a planetary mixer. The same stirring device may be used in the foaming step of preparing a
cell dispersion and in the mixing step of mixing the respective components, and stirring conditions such
as a revolution rate 15 of the stirring blade are preferably regulated according to necessary. [0063] The
cell dispersed utethane eompasition pseparad bydhe: metheg descrdbed ahavesisaapplied onto a base
material layer, 20 and the cell dispersed urethane composition is cured to form a polyurethane foam
(polishing layer} dirtily oRthenbasee neateriab lay e (00645 PRerivase mMaterallayeris hotparticularly
limited, and 25 examples include a plastic film such as polypropylene, 24 F-P10079TR(SG)
polyethylene, pofyeStertaid ho Thisride s poiyiderfesit Foant Sidhasipoiyurethane foam and
polyethylene fo%‘b &y ber-like resin such as butadiene rubber and isoprene rubber, and photosensitive
resin. Among these materials, a plastic 5 film such as polypropylene, polyethylene, polyester, polyamide

5 In a preferable mode, different stirring devices are used
for preparing a cell dispersion in the foaming process and for
stirring the first and the second components to mix them,
respectively. Stirring in the mixing step may not be stirring
for forming cells, and a stirring device not generating large

10 cells is preferably used in the mixing step. Such a stirring
device is preferably a planetary mixer. The same stirring
device may be used in the foaming step of preparing a cell
dispersion and in the mixing step of mixing the respective
components, and stirring conditions such as a revolution rate

15 of the stirring blade are preferably regulated according to
necessary.

[0063]
The cell dispersed urethane composition prepared by the
method described above is applied onto a base material layer,

20 and the cell dispersed urethane composition is cured to form
a polyurethane foam (polishing layer) directly on the base
material layer.

[0064]
The base material layer is not particularly limited, and

25 examples include a plastic film such as polypropylene,
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and polyvinyl chloride and a polymer resin foam such as polyurethane foam and polyethylene foam are
preferably used. A double-sided tape, or a single-sided pressure-sensitive adhesive tape (a
pressure-sensitive adhesive layer on one side 10 is stuck to a platen), may Bé UsEUTES fiye base material
layer. [0065] The base material layer preferably has hardness equal to or higher than that of the
polyurethane foam in order to confer toughness on the polishing pad. The thickness of the base 15
material layer (or the thickness of the base material in the case of a double-sided tape and a single-sided

pressure-sensitivel gdhasivertape)ds ned particudarly linited, 1 butiis preterabbp 2046 1006 im, more
preferably 50 to 800 pm from the viewpoint of strength and flexibility. 20 [0066] A method of applying the
cell dispersed ufethrare €ondsosition omé Revase arateAallayet cahhmake wsecafeoating methods using,
for example, roll coaters such as a gravure coater, kiss-roll coater and comma coater, die coaters such

as 25 a slot codtdPRfd Tountaincoater ahd & %dﬁé&%&%%&t%ﬁbﬁfz%fﬁﬁi@@?@?ﬁ(@@?%{min coater

etc., and any mgrtlréod%g%n ben%sie_;cq \i}nso]_I%rs asa LA'}'rilfoonrm ggating rﬁl ecralnalig forme ona base material

layer. [0067] Post curing %?/%eatlngt e polyurethane foam forme y 5 app'lyi%gpt e cé]lcdispersed
urethane cgmpesitignsQptY &BASEypropylene, polyethylene, polyester, polyamide

and polyvinyl chloride and a polymer resin foam such as
polyurethane foam and polyethylene foam are preferably used.
A double-sided tape, or a single-sided pressure-sensitive
adhesive tape (a pressure-sensitive adhesive layer on one side

10 is stuck to a platen), may be used as the base material layer.
[0065]

The base material layer preferably has hardness equal to
or higher than that of the polyurethane foam in order to confer
toughness on the polishing pad. The thickness of the base

15 material layer (or the thickness of the base material in the
case of a double-sided tape and a single-sided
pressure-sensitive adhesive tape) is not particularly limited,
but is preferably 20 to 1000 um, more preferably 50 to 800 um
from the viewpoint of strength and flexibility.

20 [0066]

A method of applying the cell dispersed urethane
composition onto a base material layer can make use of coating
methods using, for example, roll coaters such as a gravure
coater, kiss-roll coater and comma coater, die coaters such as

25 a slot coater and fountain coater, and a squeeze coater, a
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material layer and then reacting the composition until it does not flow has an effect of improving the
physical properties of the polyurethane foam and is thus extremely preferable. Post curing is carried out
preferably at 30 to 80C for 10 minutes 10 to 6 hours and conducted prefefablyCdt o Pressures in
order to stabilize the shape of cells. [0068] In the production of the polyurethane foam, known catalysts
promoting a polyurethane reaction, such as tertiary 15 amine-based catalysts, may be used. The type
and amount of the catalyst added are determined in consideration of flow time for application onto a base
material layer after the step of atixing: theaespectivecampenents. 0069+ 20 Fsoductias of the
polyurethane foam may be carried out in a batch system wherein the respective components are
weighed, introduceiinito @oedritaiherl andomechanicallyestireed 2obis @ cotiucUs production system
wherein the respective components and an unreactive gas are continuously fed to a 25 stirring device
and mechanical )Q%Prlad, and the resulting 26 F-P10079TR(SG) cell dispersed urethane composition is

sent onto a base materﬁ;aolsltaycer (e JO”E a 01 1n additeiggait is Pg%f%r%to)lre o Oyr%i{/ormly adjust

. r%%u%;ogge Qlyur ne

the 5 thickness of the polyuret ane foam after formation of the
5 applying the cell dispersed urethane composition onto a base
material layer and then reacting the composition until it does
not flow has an effect of improving the physical properties of
the polyurethane foam and is thus extremely preferable. Post
curing is carried out preferably at 30 to 80°C for 10 minutes

10 to 6 hours and conducted preferably at normal pressures in order
to stabilize the shape of cells.

[0068]
In the production of the polyurethane foam, known
catalysts promoting a polyurethane reaction, such as tertiary

15 amine-based catalysts, may be used. The type and amount of the
catalyst added are determined in consideration of flow time for
application onto a base material layer after the step of mixing
the respective components.

[0069]

20 Production of the polyurethane foam may be carried out
in a batch system wherein the respective components are weighed,
introduced into a container, and mechanically stirred, or in
a continuous production system wherein the respective
components and an unreactive gas are continuously fed to a

25 stirring device and mechanically stirred, and the resulting
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polyurethane foam on the base material layer or simultaneously with formation of the polyurethane foam.
A method of uniformly adjusting the thickness of the polyurethane foam is not particularly limited, but
examples include a method of buffing 10 with a polishing material, a metfiod 6f préssii§ @ pressing plate,
and a method of slicing with a slicer. In the case of pressing, it is preferable that the thickness of the cell
dispersed urethane composition approaches a thickness of the objective polishing layer as near as
possible. Specifically, a thickness 15 of the cell dispersed urethane composition is adjusted at 80 to
100% of the thickness of @fr-ebjective: palishingnlayer tBy natjusting the: thicknessnefttbe cell dispersed
urethane composition as thin as possible, the internal heat production at curing can be suppressed, and
thereby, variatidrm ot the eelf 20 diarpetetcan: be suppressed. [00711 In addition, the cell dispersed
urethane composition prepared by the method described above is applied onto a base material layer,
and a release sh&@t f'laminated on the cell 25 dispersed urethane composition. Thereafter, the cell 27
F-P10079TR(SG) dispfrs%% E%tpgrqe clocmggsitionfrgle}gbble cured to.fgr@mﬁypglguretjgagg efoam while the

thickness thereof is made uniform with & press nrgemeans. The method is a partl&flsérly preferable

method beeausgithgthickness ofithe polishing layee cap e adegulated extrespelyuniformly.

polyurethane foam on the base material layer or simultaneously
with formation of the polyurethane foam. A method of uniformly
adjusting the thickness of the polyurethane foam is not
particularly limited, but examples include a method of buffing
10 with apolishingmaterial, a method of pressing a pressing plate,
and a method of slicing with a slicer. 1In the case of pressing,
it is preferable that the thickness of the cell dispersed
urethane composition approaches a thickness of the objective
polishing layer as near as possible. Specifically, a thickness
15 of the cell dispersed urethane composition is adjusted at 80
to 100% of the thickness of an objective polishing layer. By
adjusting the thickness of the cell dispersed urethane
composition as thin as possible, the internal heat production
at curing can be suppressed, and thereby, variation of the cell
20 diameter can be suppressed.
[0071]
In addition, the cell dispersed urethane composition
prepared by the method described above is applied onto a base
material layer, and a release sheet is laminated on the cell

25 dispersed urethane composition. Thereafter, the cell
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00721 On the other hand, the cell dispersed urethane composition prepared by the method described
above is applied onto a release sheet, and a base material layer is laminated 10 on the cell dispersed
urethane composition. Thereafter, the cell dispersed urethane compositibnirddy beldured)to form a
polyurethane foam while the thickness thereof is made uniform with a pressing means. The method is a
particularly preferable method because the thickness of the polishing layer can be 15 regulated
extremely uniformly. 00731 A material for forming the release sheet is not particularly limited, and can
include an ordirarygesikeand rpapend heorelease sheehisypreferabtya sheetofiess 20 dimensional
change upon heating. The surface of the release sheet may have been subjected to release treatment.
00741 A pressirg hieans fomgressing whsandiich sheeknvdde of ctheddase mattsialtlayerthe cell
dispersed urethane 25 composition (cell dispersed urethane layer) and the release 28 F-P10079TR(SG)
sheet to make (& thiekRESS B tHe"Sandwich 8RBT URifdrnT i8 ot particaany Fhitéd ahd for example, a
method of presging, It {0,a ggeudse%e rﬂlengtqltpl%jn?essss v(\)ntth %%O%ng lrglllj,i% nlplra%lle or ég% Ilg% In_con5|der|ng
the fact that, after compression, 5 the size of cells in the foam'is increased about 1. 1 to 1.5 times,
5 regulated extremely uniformly.
[0072]
On the other hand, the cell dispersed urethane
composition prepared by the method described above is applied
onto a release sheet, and a base material layer is laminated
10 on the cell dispersed urethane composition. Thereafter, the
cell dispersed urethane composition may be cured to form a
polyurethane foam while the thickness thereof is made uniform
with a pressing means. The method is a particularly preferable
method because the thickness of the polishing layer can be
15 regulated extremely uniformly.
[0073]
A material for forming the release sheet is not
particularly limited, and can include an ordinary resin and
paper. The release sheet is preferably a sheet of less
20 dimensional change upon heating. The surface of the release
sheet may have been subjected to release treatment.
[0074]
A pressing means for pressing a sandwich sheet made of

the base material layer, the cell dispersed urethane

25 composition (cell dispersed urethane layer) and the release
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it is preferable in compression to satisfy the following equation: (Clearance of a coater or nip) - (thickness
of the base material layer and release sheet) _ (80 to 90% of the thickness of the polyurethane foam
after curing). 10 [0075] After the thickness of the sandwich sheet is madefuiitdrn,® e pelyurethane foam
is reacted until it does not flow, followed post cure. The conditions for post cure are the same as
described above. 15 [0076] Thereafter, a release sheet on an upper surface side or a lower surface side
of the polyurethane foam is separated to obtain a polishing pad. In this case, since a skin layer is formed
on the polyurethanre foam, the skimlayet is xemoyedrby 20 buffingi anddhedikeatn adgitiars when the
polyurethane foam is formed by a mechanical foaming method as described above, variation of the cells
is smaller on a lowepsutface sidd thahnoh<th uppeifsurfacerside oftie pohdiretharestoany. Therefore,
when a release sheet on a lower surface side is separated, and 25 a lower surface side of the

polyurethane foam§ s&d 884 P9 EIST0B 76 FRISE) “ﬁoﬁéh?nﬁ%%‘f‘%ﬁ&éf irice A Polishig'surface having
small variation of t ec%lﬁis ob&ainedl,l sta. iILi,t nof I;Ci‘gaepgg%rtliné;!l argteai% mare im%roved. (L%O??] 51In
t 4 4

addition, after the po ishmg‘?aiyerPs?oorn”?el witho o combresss
5 the size of cells in the foam is increased about 1.1 to 1.5 times,
it is preferable in compression to satisfy the following
equation: (Clearance of a coater or nip) - (thickness of the
base material layer and release sheet) = (80 to 90% of the
thickness of the polyurethane foam after curing).
10 [0075]

After the thickness of the sandwich sheet is made uniform,
the polyurethane foam is reacted until it does not flow,
followed post cure. The conditions for post cure are the same
as described above.

15 [0076]

Thereafter, a release sheet on an upper surface side or
a lower surface side of the polyurethane foam is separated to
obtain a polishing pad. In this case, since a skin layer is
formed on the polyurethane foam, the skin layer is removed by

20 buffing, and the like. 1In addition, when the polyurethane foam
is formed by a mechanical foaming method as described above,
variation of the cells is smaller on a lower surface side than
on an upper surface side of the polyurethane foam. Therefore,

when a release sheet on a lower surface side is separated, and

25 a lower surface side of the polyurethane foam is used as a
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forming the polyurethane foam (polishing layer) directly on the base material layer, the foam may be
applied to the base material layer using a double-sided tape, and the like. [0078] 10 The shape of the
polishing pad of the present invention is not particularly limited, but may befal [oh{PSEFE of around a few
meters in length, or may be a round shape of a diameter of a few tens centimeters. [0079] 15 The
average cell diameter of the polyurethane foam is preferably 40 to 100 m, more preferably 60 to 80 m.
[0080] The average aperture diameter of the polyurethane foam is preferably 5 to 30 m, more preferably
20 to 30 m. 20 [ROB81}Thesspecifia gravitys atthespelyurethane feant iscpreterahly G.2:-0010.6, more
preferably 0.3 to 0.5. When the specific gravity is less than 0.2, the durability of polishing layer tends to
be deterioratedvVWhert ihespedific gravity is 25 greater than 028 1 theterossliledensity of tive material
should 30 F-P10079TR(SG) be lowered to attain a certain modulus of elasticity. In this case, permanent
deformation terfd&'td B¢ iftteasediand’darability tends to be deteriorated. [0082] 5 The hardness of the
polyurethane fo%,ﬁﬁ determined by

5 In addition, after the polishing layer is formed without
forming the polyurethane foam (polishing layer) directly on the
base material layer, the foammay be applied to the base material
layer using a double-sided tape, and the like.

[0078]

10 The shape of the polishing pad of the present invention
is not particularly limited, but may be a long shape of around
a few meters in length, or may be a round shape of a diameter
of a few tens centimeters.
[0079]

15 The average cell diameter of the polyurethane foam is
preferably 40 to 100 um, more preferably 60 to 80 um.
[0080]

The average aperture diameter of the polyurethane foam
is preferably 5 to 30 um, more preferably 20 to 30 um.

20 [0081]

The specific gravity of the polyurethane foam is
preferably 0.2 to 0.6, more preferably 0.3 to 0.5. When the
specific gravity is less than 0.2, the durability of polishing
layer tends to be deteriorated. When the specific gravity is

25 greater than 0.6, the crosslink density of the material should

30



an Asker C hardness meter, is preferably 10 to 95 degrees, more preferably 40 to 90 degrees. When the
Asker C hardness is less than 10 degrees, the durability of the polishing layer is reduced, and the
planarity of an object of polishing after 10 polishing tends to be deteriorated? Wtel? Tl fardness is
greater than 95 degrees, on the other hand, the surface of a material polished is easily scratched. [0083]
The thermosetting polyurethane foam has the weight change 15 rate after immersion in water for 24
hours of preferably 10% or more, more preferably 12 to 30%. [0084] The polishing layer composed of the
thermosetting pelyusethane teamchas the aksolatevaheotithe changetrate t2Q between eompressibility
A in the dry condition and compressibility B in the wet condition ({(B-A)/A}X100) of 100 or less, preferably
60 or less. [0085% Acpolishing taydr iS preferablioprovidets with »25 depressioh and a protrusion structure
for holding and renewing 31 F-P10079TR(SG) a slurry. Though in a case where the polishing layer is
formed with a fil foam - many openingsdre Bt & polishirigisurface thereof which works so as to hold the
slurry, a depres E)cfﬂs? d protrusion structure are preferably provided on the surface of 5 the polishing
side thereof in order to achieve more of

5 The hardness of the polyurethane foam, as determined by
an Asker C hardness meter, is preferably 10 to 95 degrees, more
preferably 40 to 90 degrees. When the Asker C hardness is less
than 10 degrees, the durability of the polishing layer is
reduced, and the planarity of an object of polishing after

10 polishing tends to be deteriorated. When the hardness is
greater than 95 degrees, on the other hand, the surface of a
material polished is easily scratched.

[0083]
The thermosetting polyurethane foam has the weight change

15 rate after immersion in water for 24 hours of preferably 10%
or more, more preferably 12 to 30%.

[0084]
The polishing layer composed of the thermosetting
polyurethane foam has the absolute value of the change rate

20 between compressibility A in the dry condition and
compressibility B in the wet condition ({(B-A)/A}x100) of 100
or less, preferably 60 or less.

[0085]
A polishing layer is preferably provided with a

25 depression and a protrusion structure for holding and renewing
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holdability and renewal of the slurry or in order to prevent induction of dechuck error, breakage of a wafer
or decrease in polishing efficiency. The shape of the depression and protrusion structure is not
particularly limited insofar as 10 slurry can be retained and renewed, andiexahplégTiRékide latticed
grooves, concentric circle-shaped grooves, through-holes, non-through-holes, polygonal prism, cylinder,
spiral grooves, eccentric grooves, radial grooves, and a combination of these grooves. The groove pitch,
groove width, 15 groove thickness etc. are not particularly limited either, and are suitably determined to
form grooves. These gdepressiooand i pratrusionatrictute arecgenarally thasehavingregidarity, but the
groove pitch, groove width, groove depth etc. can also be changed at each certain region to make
retention and renewala 20iofss|dirydesirable. J0686Theanethod of forming the depréssien and protrusion
structure is not garticularly limited, and for example, formation by mechanical cutting with a jig such as a

bite of 25 predetéfmitied &2ESfolRation Ty 2asting and duting 1éSihin 3P EBTEF79TRIEE) a mold
having a specific sucrgehce. sp}ag rlflocr{nation bé/ reesrs.eir]g%br sin with a eoc{%sr§igg é)ls‘?‘lt;‘% aviQn% a specific

surface shape, pf(r)?matlgﬁqby p OtO|ItH68I‘§6h , formation %ypar%\r]ihtlng means, an formation by a laser

light using 8 CQ2 gasdasenontheslike. 8{808%F in order to achieve more of
holdability and renewal of the slurry or in order to prevent
induction of dechuck error, breakage of a wafer or decrease in
polishing efficiency. The shape of the depression and
protrusion structure is not particularly limited insofar as
10 slurry can be retained and renewed, and examples include
latticed grooves, concentric circle-shaped grooves,
through-holes, non-through-holes, polygonal prism, cylinder,
spiral grooves, eccentric grooves, radial grooves, and a
combination of these grooves. The groove pitch, groove width,
15 groove thickness etc. are not particularly limited either, and
are suitably determined to form grooves. These depression and
protrusion structure are generally those having regularity, but
the groove pitch, groove width, groove depth etc. can also be
changed at each certain region to make retention and renewal
20 of slurry desirable.
[0086]
The method of forming the depression and protrusion
structure is not particularly limited, and for example,
formation by mechanical cutting with a jig such as a bite of

25 predetermined size, formation by casting and curing resin in
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The thickness of the polishing layer is not particularly limited, but is usually about 0.2 to 2 mm, preferably
0.5to 1.5 mm. [0088] 10 A polishing pad of the invention may be provided with a double sided tape on
the surface of the pad adhered to a platen. [0089] A semiconductor deviée B fabfitaked after operation in
a step of polishing a surface of a semiconductor wafer with a 15 polishing pad. The term, a
semiconductor wafer, generally means a silicon wafer on which a wiring metal and an oxide layer are
stacked. No specific limitation is imposed on a polishing method of a semiconductor wafer or a polishing

apparatus, and apaliskingaisiperfarmedayith a palishing apparaius eguipped, as 26rshawndn Fig. 1, with a
polishing platen 2 supporting a polishing pad 1, a polishing head 5 holding a semiconductor wafer 4, a
backing material§6i applhyifig 2 Bhifeii pressurecagainstthe wafetridnd asupply méethaasism of a
polishing agent 3. The polishing pad 1 is mounted on the polishing platen 2 by adhering 25 the pad to the

platen with a ddUbIB St t&¥eP FREVolishity 33 E-P1OBTOTRISEY pidten 2 dnd thePolishing head 5

are disposed sq hatthe, polishing a1, and the, semiconduicior wafer 4 supperiad.or held by them
oppositely face each other and provided with respective ?otary shafts 6 and 7. A pressure mechanism for
pressing the 5 sgigpnductor wafer 4 to the polishing pad 1 is installed on

The thickness of the polishing layer is not particularly
limited, but is usually about 0.2 to 2 mm, preferably 0.5 to
1.5 mm.

[0088]

10 A polishing pad of the invention may be provided with a
double sided tape on the surface of the pad adhered to a platen.
[0089]

A semiconductor device is fabricated after operation in
a step of polishing a surface of a semiconductor wafer with a

15 polishing pad. The term, a semiconductor wafer, generally
means a silicon wafer on which a wiring metal and an oxide layer
are stacked. No specific limitation is imposed on a polishing
method of a semiconductor wafer or a polishing apparatus, and
polishing is performed with a polishing apparatus equipped, as

20 shown in Fig. 1, with a polishingplaten 2 supporting a polishing
pad 1, a polishing head 5 holding a semiconductor wafer 4, a
backing material for applying a uniform pressure against the
wafer and a supply mechanism of a polishing agent 3. The
polishing pad 1 is mounted on the polishing platen 2 by adhering

25 the pad to the platen with a double sided tape. The polishing
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the polishing head 5 side. During polishing, the semiconductor wafer 4 is polished by being pressed
against the polishing pad 1 while the polishing platen 2 and the polishing head 5 are rotated and a slurry
is fed. No specific limitation is placed 10 on a flow rate of the slurry, a polishidd fodd B pelishing platen
rotation number and a wafer rotation number, which are properly adjusted. [0090] Protrusions and
scratches on the surface of the 15 semiconductor wafer 4 are thereby removed and polished flatly.
Thereafter, a semiconductor device is produced therefrom through dicing, bonding, packaging etc. The
semiconductor emMee iused inan arihmeticnpracessor, amemogpetted enseshr glass substrates for
hard disks, can also be subjected to 20 final polishing in the same manner as described above.
Examples [009 FrDeésériptionasillbengivereo$ e frvehitionowithedxantpleserzs wedleothe ¢dgention is not
limited to description in the 34 F-P10079TR(SG) examples. [0092] [Measurement and evaluation
method] (Meastfemett SPAREaG8 apéhbfe Wameatet and average chif 5 didnieteh fite prepared

polyurethane foam was cytparallel 0.8

A pressure mechanism for pressing the
5 semiconductor wafer 4 to the polishing pad 1 is installed on
the polishing head 5 side. Duringpolishing, the semiconductor
wafer 4 is polished by being pressed against the polishing pad
1 while the polishing platen 2 and the polishing head 5 are
rotated and a slurry is fed. ©No specific limitation is placed
10 onaflowrate of the slurry, apolishingload, apolishingplaten
rotation number and a wafer rotation number, which are properly
adjusted.
[0090]
Protrusions and scratches on the surface of the
15 semiconductor wafer 4 are thereby removed and polished flatly.
Thereafter, a semiconductor device is produced therefrom
through dicing, bonding, packaging etc. The semiconductor
device is used in an arithmetic processor, a memory etc. Lenses,

or glass substrates for hard disks, can also be subjected to

20 final polishing in the same manner as described above.

Examples
[0091]
Description will be given of the invention with examples,

25 while the invention is not limited to description in the
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thickness of 1 mm or less with a razor blade as thin as possible to be used as a sample. The sample was
fixed on a glass slide, and this was observed at magnification of 100 using SEM (S-3500N, 10 Hitachi
Science Systems Co., Ltd.). From the resulting image, the aperture diametérl&Ad 1A& ceft diameter of the
whole continuous cells in the arbitrary range were measured using an image analyzing software
(WinRoof, Milani Corporation) , and the average aperture diameter and the average cell diameter were
15 calculated. Provided that in the case of an ellipsoidal aperture or cell, the area thereof was converted
into the area otaasitele; and the circle-corresponding diameter was adopted as the aperture diameter or
the cell diameter. [0093] 20 (Measurement of specific gravity) Determined according to JIS Z8807-1976.
The prepared pélfdrethane foam cut out in the form of a strip of 4 cmX8.5 cm (thickness: arbitrary) was
used as a sample for measurement of specific gravity and left for 16 hours in an environment of 25 a
temperature of 248ES4RG ATRIMTdIty 67509596 “MeisuPement 35 F-P10079TR(SG) was conducted by
using a specific grayity hydrgmeter (marufactured by, Sartoriys Go. Ld), [0094] (Measprement of
hardness) 5 A hardness was measured in accordance with J1S IE%SlZ. The prepared polyurethane foam
was cut intg sagpleswith)a size

The prepared polyurethane foam was cut parallel to a
thickness of 1 mm or less with a razor blade as thin as possible
to be used as a sample. The sample was fixed on a glass slide,
and this was observed at magnification of 100 using SEM (S-3500N,

10 Hitachi Science Systems Co., Ltd.). From the resulting image,
the aperture diameter and the cell diameter of the whole
continuous cells in the arbitrary range were measured using an
image analyzing software (WinRoof, Mitani Corporation), and the
average aperture diameter and the average cell diameter were

15 calculated. Provided that in the case of an ellipsoidal
aperture or cell, the area thereof was converted into the area
of a circle, and the circle-corresponding diameter was adopted
as the aperture diameter or the cell diameter.

[0093]

20 (Measurement of specific gravity)

Determined according to JIS Z8807-1976. The prepared
polyurethane foam cut out in the form of a strip of 4 cmx8.5
cm (thickness: arbitrary) was used as a sample for measurement
of specific gravity and left for 16 hours in an environment of

25 a temperature of 23%2°C and a humidity of 50%t5%. Measurement
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of 5 cmXS cm (with arbitrary thickness), and the samples were left for 16 hours in an environment at a
temperature of 23C2C and humidity of 50%5%. When measured, the samples were piled 10 up to a
thickness of 10 mm or more. A hardness meter (Asker C hardness metef, pr&88UfiZ&d Stiface height 3
mm, manufactured by Kobunshi Keiki Co., Ltd.) was contacted with a pressurized surface, and 60
seconds later, the hardness was measured. [0095] 15 (Measurement of weight change rate of
thermosetting polyurethane foam) The prepared thermosetting polyurethane foam was cut into the size
of 5 mm x 5 mmy xshicknesstle mmitowbiain a sapple £ Theysample wasddived tean oven at 70C for 24
hours, and a weight 20 (W1) after drying was measured. The sample after drying was immersed in pure
water at 23C fof 2arhdst therealfteér, Shet sample taken-bdl from water was placed into a closed
container, and water was removed under the conditions of a rotation number of 10000 rpm/min using a
centrifuge (KUB[@?%%BOO, manufactured 25 by Kubota Corporation). Thereafter, a weight (W2) of the
sample 36 F-P%QQZQTRé%G{ﬁW@@ measured. . The weight change rate (%) was calculated by the

tc

N
following equatlon.\ﬁérlg q ange rate \(73\/528-) 1)/W1}X100 5 [0096] (Measurement of compressibility in
dry conditign, and A hardness was measured in accordance with JIS K-7312.

The prepared polyurethane foam was cut into samples with a size
of 5 cmX5 cm (with arbitrary thickness), and the samples were
left for 16 hours in an environment at a temperature of 23°Cx2°C
and humidity of 50%*5%. When measured, the samples were piled

10 up to a thickness of 10 mm or more. A hardness meter (Asker
C hardness meter, pressurized surface height 3 mm, manufactured
by Kobunshi Keiki Co., Ltd.) was contacted with a pressurized
surface, and 60 seconds later, the hardness was measured.
[0095]

15 (Measurement of weight change rate of thermosetting
polyurethane foam)

The prepared thermosetting polyurethane foam was cut into

the size of 5 mm X 5 mm X thickness 1 mm to obtain a sample.
The sample was dried in an oven at 70°C for 24 hours, and a weight

20 (Wl) after drying was measured. The sample after drying was
immersed in pure water at 23°C for 24 hours, thereafter, the
sample taken out from water was placed into a closed container,
and water was removed under the conditions of a rotation number
of 10000 rpm/min using a centrifuge (KUBOTA-6800, manufactured

25 by Kubota Corporation). Thereafter, aweight (W2) of the sample
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compressibility in wet condition) 1. Measurement of compressibility in dry condition The thermosetting
polyurethane foam cut into a circle 10 (thickness 1 mm) with a diameter of 7 mm was allowed to stand
still under the atmosphere at a temperature of 23 C and a humidity of 5086 Farl40d Hidtits Compressibility
A was measured under the following conditions using a thermal analysis measuring instrument TMA
(SS6000, manufactured by SEIKO 15 INSTRUMENTS INC.). Compressibility A {(T1-T2)/T1}X100 T1:
Thickness of sample when a stress of 29.4 kPa (300 g/cm2) was loaded to a sample from a non-loaded
state, and the sampleewasheld for 60 seconds. 20 T2: Thickness of sample when a stress of 176.4 kPa
(1800 g/cm?2) was further added from the T1 state, and the sample was held for 60 seconds. 2.
Measurement of compressibititgin wetesrditiore The themiosetting polybrethenédfbanv toginto a circle 25
(thickness 1 mm) with a diameter of 7 mm was immersed in pure 37 F-P10079TR(SG) water at 23C for
24 hours, thereSftBf th&sample was taken out from water, and compressibility B was measured by the

same method as described above. 3. The change rate cg ompressihility was calculated by the 5
following equation. Cheg\,negleg}rgzlttec:h f(%%?nﬁr%%%ibflﬁy B - é: Vr\%prr.ge\]@%iéfﬂ[?/)(%\g

5 [0096]
(Measurement of compressibility in dry condition, and
compressibility in wet condition)
1. Measurement of compressibility in dry condition
The thermosetting polyurethane foam cut into a circle

10 (thickness 1 mm) with a diameter of 7 mm was allowed to stand
still under the atmosphere at a temperature of 23 °C and a
humidity of 50% for 40 hours. Compressibility A was measured
under the following conditions using a thermal analysis
measuring instrument TMA (SS6000, manufactured by SEIKO

15 INSTRUMENTS INC.).

Compressibility A (%) = {(T1-T2)/T1}X100

Tl: Thickness of sample when a stress of 29.4 kPa (300 g/cm%
was loaded to a sample from a non-loaded state, and the sample
was held for 60 seconds.

20 T2: Thickness of sample when a stress of 176.4 kPa (1800 g/cmz)
was further added from the Tl state, and the sample was held
for 60 seconds.

2. Measurement of compressibility in wet condition
The thermosetting polyurethane foam cut into a circle

25 (thickness 1 mm) with a diameter of 7 mm was immersed in pure
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A)/compressibility A}X100 [0097] (Measurement of dummy polishing time and average polishing 10 rate)
Using the prepared polishing pad, the polishing rate was measured every 10 minutes while a work was
polished under the following conditions, and a time from an initial value t6-&t&ihnIeiRt (GG steady-state
value was adopted as dummy 15 polishing time. In addition, the average polishing rate after attainment
of the steady-state value was measured. Polishing machine: BC-15, manufactured by MAT Co. Pressure:
100 g/cm2 Head speed: 50 rpm 20 Platen speed: 40 rpm Slurry: cerium oxide (SHOROX F-3

manufactured by-$hewa:Denko KoK.)water(100 gid Feecamount of shurky:100 ml/miaiVork: 0 76 0.8t
B270 (manufactured by SCHOTT DES AG) 25 Provided that the time point at which initial polishing 38

F-P10079TR(S&) tratecstamility (%} oBtaipedisys thecfollowing egaatienSfrorndhey dveragempolishing rate
from (n-5) to n, and the maximum polishing rate and the minimum polishing rate of the consecutive five
times polishing TatesWeamaei9% d198s§\W4S determined 5 as the steady-state value. Initial polishing

e . e
rate Stablllty(A%.—%meaxcljrlqgrmggogsamggof compressibility was calculated by the

5 following equation.

Change rate = {(compressibility B - compressibility
A) /compressibility A}x100
[0097]

(Measurement of dummy polishing time and average polishing
10 rate)

Using the prepared polishing pad, the polishing rate was
measured every 10 minutes while a work was polished under the
following conditions, and a time from an initial wvalue to
attainment of a steady-state value was adopted as dummy

15 polishing time. In addition, the average polishing rate after
attainment of the steady-state value was measured.
Polishing machine: BC-15, manufactured by MAT Co.

Pressure: 100 g/cm?
Head speed: 50 rpm

20 Platen speed: 40 rpm
Slurry: cerium oxide (SHOROX F-3 manufactured by Showa Denko
K.K.)/water (100 g/L)

Feed amount of slurry: 100 mL/min
Work: ¢ 76 0.8t B270 (manufactured by SCHOTT DES AG)

25 Provided that the time point at which initial polishing
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rate-minimum polishing rate)/average polishing rate}X100 [0098] Example 1 10 Into a container were
placed 38 parts by weight of polytetramethylene ether glycol having a number-average molecular weight
of 650 (PTMG650), 25 parts by weight of polycaprolactonediol (manufactureédddy’Barset ©@hemical
Instrument Ltd., Plakcel 205, hydroxy group value: 208mg KOH/g, 15 functional group number 2), 35
parts by weight of polycaprolactonetriol (manufactured by Daisel Chemical Instrument Ltd., Plakcel 305,
hydroxyl group value: 305mg KOH/g, functional group number 3), 2 parts by weight of
trimethylolpropane éhydeaxyl gtqupaaluet 1128 dnigyKEE/ G020 functipralgroupmumberd) 10 parts by
weight of a silicone-based surfactant (manufactured by Goldshmidt, B8443), and 0.1 parts by weight of a
catalyst (manufaetredhyrkadsCorporation, Nw25) rarfd tHey weré nixéd o préparana second
component (25C)..Then, using a stirring blade, stirring was 25 performed vigorously for about 4 minutes
so that cells weP@léé”?f%ﬁ%@g@*rﬁ(%é SHESTBIEtEY mtdthe $eaction systeri B rothtiSh number of
900 rpm. Theregfteé, Z%h%el parti:i%viv%gr%t %f carboxiimid%modifi d MDI (man f%%ture% ebé' Nihon

Polyurethane Inélfjstry Co.? L%., |onateaM%’i,}f\?6€)mvevt%: 0290\§vt°/oe,8255 C ,aSS which is a first component,

was addeddo thesceptainelMNGOLOH=1 1), 1and the mixture was stirred for about 1 minute
Initial polishing rate stability (%) = { (maximum polishing
rate-minimum polishing rate)/average polishing rate}x100
[0098]
Example 1

10 Into a container were placed 38 parts by weight of
polytetramethylene ether glycol having a number—-average
molecular weight of 650 (PTMG650), 25 parts by weight of
polycaprolactonediol (manufactured by Daisel Chemical
Instrument Ltd., Plakcel 205, hydroxy group value: 208 mg KOH/g,

15 functional group number 2), 35 parts by weight of
polycaprolactonetriol (manufactured by Daisel Chemical
Instrument Ltd., Plakcel 305, hydroxyl group value: 305 mg KOH/g,
functional group number 3), 2 parts by weight of
trimethylolpropane (hydroxyl group value: 1128 mg KOH/g,

20 functional group number 3), 10 parts by weight of a
silicone-based surfactant (manufactured by Goldshmidt, B8443),
and 0.1 parts by weight of a catalyst (manufactured by Kao
Corporation, No.25), and they were mixed to prepare a second
component (25°C). Then, using a stirring blade, stirring was

25 performed vigorously for about 4 minutes so that cells were
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to prepare a cell dispersed urethane composition. [0099] The prepared cell dispersed urethane
composition was 10 coated on a release-treated release sheet (manufactured by Toyobo Co., Ltd.,
polyethylene terephthalate, thickness: 0.1 mm) to form a cell dispersed urethdte’/ iRt Sthen, a base
material layer (polyethylene terephthalate, thickness: 0.2 mm) was placed on the cell dispersed urethane
layer. The cell 15 dispersed urethane layer was adjusted to the thickness of 1.5 mm with a nip roll,
thereafter curing this at 70 C for 3 hours to form a polyurethane foam (interconnected cell structure,
average cell diameterp68 o gm, iaveragesaperdre diametarc24a g, speeificgravitypbe4 4C hardness: 50
degrees). Then, the 20 release sheet under the polyurethane foam was separated. Then, a surface of the
polyurethane foaP® wazrslicéd imeahethicknéss LloPee-mnb usiitg aldartfsaw-type slicer (manufactured
by Fecken Co.), and the thickness precision was adjusted by buffing to form a polishing layer having a

thickness of 0.5 iy The 25 ForjrethRie Ham e Yoagtiy SphericHi Hteréshnetist tels. 40
Chemical Co., L) WS S0 10 & Bas REria Tayer Surace Cirk a ainaing shachine t
prepare a polishing-pads 5J0:00LExamples 2and 3-and Gomparative xamples,t.and 2
(NCO/0OH=1.1), and the mixture was stirred for about 1 minute
to prepare a cell dispersed urethane composition.
[0099]
The prepared cell dispersed urethane composition was
10 coated on a release-treated release sheet (manufactured by
Toyobo Co., Ltd., polyethylene terephthalate, thickness: 0.1
mm) to form a cell dispersed urethane layer. Then, a base
material layer (polyethylene terephthalate, thickness: 0.2 mm)
was placed on the cell dispersed urethane layer. The cell
15 dispersed urethane layer was adjusted to the thickness of 1.5
mm with a nip roll, thereafter curing this at 70 °C for 3 hours
to form a polyurethane foam (interconnected cell structure,
average cell diameter: 68.5 Um, average aperture diameter: 24
Uum, specific gravity: 0.47, C hardness: 50 degrees). Then, the
20 release sheet under the polyurethane foam was separated. Then,
a surface of the polyurethane foamwas sliced into the thickness
of 0.6 mm using a bandsaw-type slicer (manufactured by Fecken
Co.), and the thickness precision was adjusted by buffing to
form a polishing layer having a thickness of 0.5 mm. The

25 polyurethane foam had roughly spherical interconnected cells.
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According to the same manner as that of Example 1 except that the incorporation ratio described in
Table 1 was adopted, a polishing pad was prepared. Compounds in Table 1 are as 10 follows.
-PTMG1000: polytetramethylene ether glycol with number-average moleEukarWeighR1660 -PTMG650:
polytetramethylene ether glycol with number-average molecular weight 650 15 -Plakcel 210N:
polycaprolactonediol (manufactured by Daisel Chemical Instrument Ltd., hydroxy group value: 110 mg
KOH/g, functional group number 2) -Plakcel 205: polycaprolactonediol (manufactured by Daisel
Chemical Instrurnefitelatel: chydsoxy grodpavialde: 208mo KOHAT 220 funstional greup nuraber 2) -Plakcel
305: polycaprolactonetriol (manufactured by Daisel Chemical Instrument Ltd., hydroxy group value: 305
mg KOH/g, funetioraf geodpCiember 3)DEG Ldidthylerre fiycoldhydrdxy groupevahies 1057 mg KOH/g,
25 functional group number 2) 41 F-P10079TR(SG) TMP: trimethylolpropane (hydrox%/é%]roup value: 1128

mg KOH/g, funtlidfial §ioas rumber 8y-BaA4325iiBGrBe65<EF dutfRetit {manttddtiired By Goldshmidt)
-No0.25: catalyst g’gqnufactured by Kao Corporation) 5 -Millionate MTL: carbodiimide-modified MDI

(manufactured By Nihon Polyurethane Industry Ltd., NCO wt%: 29 wt%)
5 [0100]

Examples 2 and 3 and Comparative Examples 1 and 2
According to the same manner as that of Example 1 except
that the incorporation ratio described in Table 1 was adopted,
a polishing pad was prepared. Compounds in Table 1 are as
10 follows.
‘PTMG1000: polytetramethylene ether glycol with number—-average
molecular weight 1000
‘PTMG650: polytetramethylene ether glycol with number—-average
molecular weight 650
15 ‘Plakcel 210N: polycaprolactonediol (manufactured by Daisel
Chemical Instrument Ltd., hydroxy group value: 110 mg KOH/g,
functional group number 2)
‘Plakcel 205: polycaprolactonediol (manufactured by Daisel
Chemical Instrument Ltd., hydroxy group value: 208 mg KOH/g,
20 functional group number 2)
‘Plakcel 305: polycaprolactonetriol (manufactured by Daisel
Chemical Instrument Ltd., hydroxy group value: 305 mg KOH/g,
functional group number 3)
‘DEG: diethylene glycol (hydroxy group value: 1057 mg KOH/g,

25 functional group number 2)
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[0101] [Table 1] Example 1 Example 2 Example 3 Comparative Comparative Example 1 Example 2
PTMG1000 - - - - 62.5 PTMG650 38 - - - Plakcel 210N - 80 62.5 74.5 - Plakcel 205 25 - - - - Plakcel 305
351824511 245DEG--1112511 TMP 22222 B8443 106 10 6 £ Ré¥5/6AR0350.05 0.1 0.1
Millionate 72.21 47.71 80.90 77.46 80.90 MTL Isocyanate group 12.2 10.0 13.0 12.7 13.0 concentration
(wt%) 0102] 42 ~~gmN,yNc 'AN,N..[NIOMHNCNNNW O-INaacN Hoa

- TMP: trimethylolpropane (hydroxy group value: 1128 mg KOH/g,

functional group number 3)
‘B8443: silicone-based surfactant (manufactured by Goldshmidt)
‘No.25: catalyst (manufactured by Kao Corporation)

5 ‘Millionate MTL: carbodiimide-modified MDI (manufactured by

Nihon Polyurethane Industry Ltd., NCO wt%: 29 wt$%)

[0101]

[Table 1]

Comparative Comparative
Example 1 Example 2 Example 3 Example 1 Example 2
PTMG1000 -

- 62.5
PTMG650 38 - - -
Plakcel 210N - 80 62.5 74.5
Plakcel 205 25 - -
Plakcel 305 35 18 24.5
DEG - - 11
TMP 2 2 2 2 2
B8443 10 6 10 6 4
No.25 0.1 0.1 0.05 0.1 0.1
Millionate
. 72.21 47.71 80.90 77.46 80.90
Isocyanate
group 12.2 10.0 13.0 12.7 13.0
concentration
(Wt3)

[0102]

11 24.5
12.5 11
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NWNNmMmwNin "1 ~cvd~'v(dl NNQQO"OO vumSaYN~90)NH roNN;MP HmHi@1
Ny NEWrrm:VNNAgyp.'l VNC)N:'N41 N 3) NaaAkawa Hwow:.w 43 F-P10079TR(SG) What
is clamed is: 1. A polishing pad comprising a polishing layer provided onfaBa8é niatefiaFlayer, wherein
the polishing layer comprises a thermosetting polyurethane foam containing roughly spherical 5
interconnected cells having an aperture, the thermosetting polyurethane foam comprises an isocyanate
component and an active hydrogen-containing compound as starting components, the isocyanate
component contaias 90% dyawetght ©r more of diphenylmethane diisocyanate and/or a modified product
thereof, 10 the active hydrogen-containing compound contains 60 to 98% by
1. Apolishingpad comprising a polishing layer provided
on a base material layer, wherein the polishing layer comprises
a thermosetting polyurethane foam containing roughly spherical
5 interconnected cells having an aperture, the thermosetting
polyurethane foam comprises an isocyanate component and an
active hydrogen-containing compound as starting components,
the isocyanate component contains 90% by weight or more of
diphenylmethane diisocyanate and/or a modified product thereof,
10 the active hydrogen-containing compound contains 60 to 98% by
weight of polycaprolactonepolyol, and 15 to 40% by weight of
a compound having the number of functional groups reactive with
an isocyanate group of 3, the isocyanate group concentration
relative to the total amount of the isocyanate component and
15 the active hydrogen—-containing compound is 10 to 15% by weight,
and the polishing layer has the absolute value of the change

rate between compressibility A in the dry condition and

compressibility B in the wet condition ({(B-A)/A}x100) of 100

or less.
20
2. The polishing pad according to claim 1, wherein the
thermosetting polyurethane foam has a weight change rate after
immersion in water for 24 hours of 10% or more.
25 3. The polishing pad according to claim 1, wherein the
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weight of polycaprolactonepolyol, and 15 to 40% by weight of a compound having the number of
functional groups reactive with an isocyanate group of 3, the isocyanate group concentration relative to
the total amount of the isocyanate component and 15 the active hydrogef-cohtainfhigRédfmpound is 10 to
15% by weight, and the polishing layer has the absolute value of the change rate between
compressibility A in the dry condition and compressibility B in the wet condition ({(B-A)/A}X100) of 100 or
less. 20 2. The polishing pad according to claim 1, wherein the thermosetting polyurethane foam has a
weight change tate iafterimmeysioniin watef far24 haurs ©f 1109010k s0res 25 3aThe palishing pad
according to claim 1, wherein the 44 F-P10079TR(SG) polishing layer is self-adhered to the base
material layer. 4. The polishing pad according to claim 1, wherein the thermosetting polyurethane foam
has an interconnected cell 5 structure having an average cell diameter of 40 to 100 Jim and an average
aperture diameter of 5 fo 30T 5 R process Rt prodtiehiy Asdmicorduttor d&Vide: *Eomptising a step of
polishing a surf%\%e of a secrpi.conduc or 1Ot\{\1/afer ursgg% tt%%gogghi{llgt%ar(jcggggrcdcigg t%ecﬁim 1.45

ermose 1ng polyure ane

5 structure having an average cell diameter of 40 to 100 um and

an average aperture diameter of 5 to 30 um.
5. A process for producing a semiconductor device,

comprising a step of polishing a surface of a semiconductor

10 wafer using the polishing pad according to claim 1.
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