DESCRIPTION TITLE OF THE INVENTION: POLISHING PAD, MANUFACTURING METHOD
THEREFOR, AND METHOD FOR MANUFACTURING A SEMICONDUCTOR DEVICE 5 TECHNICAL
FIELD [0001] The present invention relates to a polishing pad capable of attaining, with a stable
and imp polishing efficiency, a plananzatlonprocessng of an optical matter or a silicon wafer 10 such
as a lens or a reflecting mirror, a glass substrate or aluminum substrate for a hard disc, and a matter
or material for winch a high-level surface flatness is required in, for example, an ordinary metal
polishing processing; a method for manufacturing the same; and a method for manufacturing a 15
semiconductor device. The polishing pad of H@ésgﬁéggm%]\q/ention is particularly useful for finish

polishing of&sfcon wal o A gass plsce- BACKGROUND ART, 2010002, geperal the mirtor

polishing of a Semiconductor warer such as a on wafer, a’lens, a glass substrate, or some other is

divided to reygh:peushing {6y fimaln PUBRSHAlGHISERE the nolishad MRttesdn datpgss ard in-plane

evenness, and 25 finish polishing for a main purpose of improving the matter in surface roughness,
and removing scratches. [0003] The finish polishing is usually attained by causing sueded artificial
leather made of a soft foamed polyurethane 5 to adhere onto a rotatable table, and rubbing a wafer
againssthe teatherrwhile apolishing agent wherein colloidal silica is contained in an aqueous

[0001]
The present invention relates to a polishing pad capable
of attaining, with a stable and high polishing efficiency, a
planarization processing of an optical matter or a silicon wafer
10 such as a lens or a reflecting mirror, a glass substrate or
aluminum substrate for a hard disc, and a matter or material
for which a high-level surface flatness is required in, for
example, an ordinary metal polishing processing; a method for
manufacturing the same; and a method for manufacturing a
15 semiconductor device. The polishing pad of the present
invention is particularly useful for finish polishing of a

silicon wafer or a glass piece.

BACKGROUND ART
20 [0002]

In general, themirror polishing of a semiconductor wafer
such as a silicon wafer, a lens, a glass substrate, or some other
is divided to rough polishing for a main purpose of adjusting
the polished matter in flatness and in-plane evenness, and

25 finish polishing for a main purpose of improving the matter in



s alkali-based solution is supplied thereonto (Patent Document 10[0004] However, when the polishing
layer, winch is made of the foamed polyurethane used for finish polishing, is low in flatness, there is
caused a problem that tiny undulations are generated in the surface of the matter to be polished. The
tiny 15 undulations have been in particular considered to be a problem in the field of recent finish
polishing. Thus, it has been Intensely required in the market to supply a polishing pad capable of
attaining a further decrease of tiny undulations. [0005] 20Patent Document 2 listed up below describes
a polishing cloth, for decreafﬁin tiny und Iationsv%;enerated in the surface of a matter to be polished,

wherein a p%%?&%%na%g i %?r’an%g fora Surfce F‘a%?.tl%\f/g%r, this document never describes

any specific[fgérw tion or composition of the 25 polyurethane foam, or any matter related thereto.
Furthermore, the cloth has a room for a further improvement from the viewpoint of the effect of

decreasing the tiny gndulatipns, P @@&BBEQ%UNEMT@O% BRAIENT-ROAGUMENTS, [0006] Patent

Document 1: JP-A-2003-37089 Patent Document 2: JP-A-2004-136432 10 MMARY OF THE
INVENTION, RRQBLEMS FO-BE SQLYERLBY HHE INVENLION foamed polyurethane

5 to adhere onto a rotatable table, and rubbing a wafer against
the leather while a polishing agent wherein colloidal silica
is contained in an aqueous
s alkali-based solution is supplied thereonto (Patent Document
1).

10 [0004]

However, when the polishing layer, which is made of the
foamed polyurethane used for finish polishing, is low in
flatness, there is caused a problem that tiny undulations are
generated in the surface of the matter to be polished. The tiny

15 undulations have been in particular considered to be a problem
in the field of recent finish polishing. Thus, it has been
intensely required in the market to supply a polishing pad
capable of attaining a further decrease of tiny undulations.
[0005]

20 Patent Document 2 listed up below describes a polishing
cloth, for decreasing tiny undulations generated in the surface
of a matter to be polished, wherein a polyurethane foam is
arranged for a surface layer. However, this document never
describes any specific formulation or composition of the

25 polyurethane foam, or any matter related thereto. Furthermore,



[0007] In light of the above-mentioned actual situation, the present invention has been made, and
an object thereof is to 15 provide a polishing pad capable of decreasing tiny undulations generated in
the surface of a matter to be polished, a method for manufacturing the same, and a method for
manufacturing a semiconductor device. 20 MEANS FOR SOLVING THE PROBLEMS [0008] In
order to solve the problems, the Inventors have made eager investigations to find out that the object
can be attained by apolisfingpaddescribedbelow. Thus, the present invention 25 has been
accomplished. [0009 Accordingly, the polishing pad of the present invention. is a pglishing pad
naving a poyChii R BAHOAGHE & WiefrioSbr BOR I ETORH AAETo i I RIRBLETS
polyurethanefoam contains, a3 faw,material, compqnents, an sacynate component, and
active-hydrogen-containing compoungls, and the active- yd¥ogen-conta|n|ng compounds comprise one
or more polyol compounds (each) having two or more functional groups, and a monool compound
having one functional 10group. [0010] In the polishing pad according to the present invention, its
polishing laygrisgnage: oba thermeset polyurethane foam, and the foam contains, as raw material
components thereof, one 15 or more polyol compounds (each) having two or more functional groups,
and a monagl campogndhavingsone functional group. The polishing pad having this structure makes It
possible to exhibit endurance based on the thermoset polyurethane foam while tiny undulations
generated in @ surface of a matter to be polished 20 are decreased since the foam comprises the
one-functional-group-containing monool compound.

Patent Document 1: JP-A-2003-37089

Patent Document 2: JP-A-2004-136432

10 SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]
In light of the above-mentioned actual situation, the
present invention has been made, and an object thereof is to
15 provide a polishing pad capable of decreasing tiny undulations
generated in the surface of a matter to be polished, a method
for manufacturing the same, and a method for manufacturing a

semiconductor device.

20 MEANS FOR SOLVING THE PROBLEMS
[0008]
In order to solve the problems, the inventors have made
eager investigations to find out that the object can be attained
by a polishing pad describedbelow. Thus, the present invention

25 has been accomplished.



[0011] In the polishing pad, the monool compound is preferably a compound represented by the
following general formula (1): 25F41-(OCH2CHRZ2),-OH(1) wherein R2 is a methyl or ethyl group, R2
is a hydrogen atom, or a methyl group, and n is an Integer of 1 to 5. The polishing pad having this
structure makes it possible to attain a further decrease of tiny undulations generated in the surface of a
5 matter to be polished. [0012] In the polishing pad, it is preferred that the monool compound is
contained in an amount of 1 to 20 parts by weight for 100 parts by weight of the polyol compound(s).
When the 1 Oco&%:]t of the monool compound is adjusted Into this range, tiny undulations generated
in the surface 8 atter to be polished can be decreased while the hardness of the polishing layer is

maintained. [0013] %%In t@g Poliﬁhingt%aed ig ' I.lpsrﬁgenr(r{e/% ghcgt Qf?o%% r?ﬁ%% %)eor%oll%%)izr're]%%ul%dns (each)

having 3 or 4 functionesﬁogrouﬁlgaXd a yd?oxy groupVvalue o to mg g are comprised

in an amouri‘tsofazop@ﬂ%H%ﬁ%bgfa%eigw%&og RaGts;LWaight ot the %QJ%?JICP&%“@S- In general,

when a thermoset 20 polyurethane foam contains, as a raw material thereof, a monool compound

having one functighakgroyp: the-eelydrethans,is lowHa faalecylae weight sg 4hat the polishing layer is
low in hardness. Thus, the polishing pad tends to be deteriorated in polishing characteristics such as

polishing rage, By.centrasic2Fvwhendbe eontenf ok therahovesmentioned patysheampound(s) is
adjusted Into the range, tiny undulations generated in the surface of a matter to be polished can be
decreased white thenharenessob thenpolishing Ryet iscnaintaingd[00d4)5lhrthedpolishing pad, the
Isocyanate component is
compounds, and the active-hydrogen-containing compounds
comprise one or more polyol compounds (each) having two or more
functional groups, and a monool compound having one functional
10 group.
[0010]

In the polishing pad according to the present invention,
its polishing layer is made of a thermoset polyurethane foam,
and the foam contains, as raw material components thereof, one

15 or more polyol compounds (each) having two or more functional
groups, and a monool compound having one functional group. The
polishing pad having this structure makes it possible to exhibit
endurance based on the thermoset polyurethane foam while tiny
undulations generated in the surface of a matter to be polished

20 are decreased since the foam comprises the
one-functional-group-containing monool compound.

[0011]
In the polishing pad, the monool compound is preferably

a compound represented by the following general formula (1) :

25 R'- (OCH,CHR?) ,-OH (1)



preferably an aromatic Isocyanate, and is more preferably a carbodliralde-modified chphenylmethane
dlisocyanate. When a substrate layer is laminated onto the polishing layer, the use of the
active-hydrogen-containing compounds together with the 10 carbodliralde-modifiedMDI attains a
remarkable Improvement in the adhesiveness between the polishing layer and the substrate layer.
[0015] In the polishing pad, it is preferred that the thermoset 15 polyurethane foam has substantially
spherical bubbles having an average bubble diameter of 20 to 300 pm. When the polishing layer is
formed by use of the thermoset polyurethane foam, winch has substantiall herical bubbles having
an average BUBble fiaetet 6t 2610 300 B, T BAIISRING Ty e carr b8 IMBIGVa 3071 Rclurance.
Thus, when tpeapgliscmnq pad of the %@sneqtsingre]nyon is used, t e&gglioshin%ggd Caelnét( ep high

. £ _ ¢
planarllatlor? Characteritics over 4 I%ng term, and |sné1—'|%8?rrn|§rove In polishing fa lsabﬁlrt]ﬁ The

wording "substaptially sphericals denotes a.sphercal form,and aneliptic form. 23 Bubhigs in an elliptic

form denoté bubbles having a ratio between the long diameter L and the short diameter S (ratio of

L/S) of 5 or dess, preferaply 801 Jess margdrsterablyles oF iess; {00161 SThe presensnyention also
relates to a method for manufacturing a polishing pad, comprising the step of using a mechanical

foaming methed to-prepare afeamstispersed urethane composition containing, as raw material
components, active-hydrogen-containing compounds comprising a polyol 10 compound having two or
more functignaligroups and a monool compound having one functional group, and an rsocyanate
component; the step of painting the foam-dispersed urethane composition onto a planar member; the
step of setting the fdamtdispersed sinethane xdmposition torferm arpolishirgtlayeelficomptising a
thermoset polyurethane foam having substantially spherical bubbles having an average bubble
diameter of QUMRBODpinS areinthe Stes! ot adiustingake paliShing-layeP |me zteniornv eHiekriess. Liars
manufacturing method makes it possible to manufacture a polishing pad capable of decreasing 20 tiny
undulationsigEnetafe iR the shifats BFaimatfte teFp@polisHed-ompound (s) . When the

10 content of the monool compound is adjusted into this range, tiny
undulations generated in the surface of a matter to be polished
can be decreased while the hardness of the polishing layer is
maintained.

[0013]

15 In the polishing pad, it is preferred that one or more
polyol compounds (each) having 3 or 4 functional groups and a
hydroxyl group value of 100 to 1,900 mg KOH / g are comprised
in an amount of 20 to 75 parts by weight for 100 parts by weight
of the polyol compounds. In general, when a thermoset

20 polyurethane foam contains, as a raw material thereof, a monool
compound having one functional group, the polyurethane is low
in molecular weight so that the polishing layer is low in
hardness. Thus, the polishing pad tends to be deteriorated in
polishing characteristics such as polishing rate. By contrast,

25 when the content of the above-mentioned polyol compound(s) is



[0017] Furthermore, the present invention relates to a method for manufacturing a
semiconductor device, comprising the step 25 of using the polishing pad described in any one of the
above-mentioned paragraphs concerned to polish a surface of a semiconductor wafer. BRIEF
DESCRIPTION OF THE DRAWING 5[0018] Fig. 1 is a schematic structural view illustrating a polishing
machine used in a method for manufacturing a semiconductor device. 10 MODE FOR CARRYING
OUT THE INVENTION [0019] The polishing pad of the present invention has a polishing layer
made of a thermoset(&uolyureth e foam, which, may be referred to as a "gg%ur%hane foam"

hereinafter.aﬁﬁﬁf(ﬁ lnlg(?lyﬁ thaifd Fssin is'excenBRtinHor38ion 88 E%, and cafbe a polymer

that can easil tained with various physical properties by changing the composition of raw materials
ihoroot varBudy i e s, 28 oAy e ta e BB e Lasrs e ormed by a

mechanical}{ggr&i{%gsgweg}odc@(alggﬂg%Hﬁie[g ofligglggir@sarggqqp@\gmggthing method). For these

reasons, polyurethane resin is a material particularly preferable for the constituting material of the
polishing layer, 22[0021]

5 In the polishing pad, the isocyanate component is
preferably an aromatic isocyanate, and is more preferably a
carbodiimide-modified diphenylmethane diisocyanate. When a
substrate layer is laminated onto the polishing layer, the use
of the active-hydrogen-containing compounds together with the

10 carbodiimide-modified MDI attains a remarkable improvement in
the adhesiveness between the polishing layer and the substrate
layer.

[0015]
In the polishing pad, it is preferred that the thermoset

15 polyurethane foam has substantially spherical bubbles having
an average bubble diameter of 20 to 300 pum. When the polishing
layer is formed by use of the thermoset polyurethane foam, which
has substantially spherical bubbles having an average bubble
diameter of 20 to 300 um, the polishing layer can be improved

20 in endurance. Thus, when the polishing pad of the present
invention is used, the polishing pad can keep high planarization
characteristics over a long term, and is also improved in
polishing rate stability. The wording “substantially
spherical” denotes a spherical form and an elliptic form.

25 Bubbles in an elliptic form denote bubbles having a ratio



Polyurethane resin is a polymer yielded from an isocyanate component, and
active-hydrogen-containing compounds (such as a polyol compound having two or more functional
groups, a monool compound having one functional 5 group, and a polyamine compound) as raw
material components. [0022] As the Isocyanate component, any compound known in the field of
polyurethane maybe used without especial restriction. Examples thereof Include aromatic
dllsocyanates such as 102,4-toluene dllsocyanate, 2,6-toluene dllsocyanate, 2,2'-dlphenylmethane

dllsocyanate, 2,4'-dlphenylmethane dllsocyanate, 4,4'-dlphenylmethane dlisocyanate, polymeric MDI,
CarbodimIgES BTG SIS LA LIGRATE RIEAE Bde SR8 1R aro acsCrAPbY Nippon
Polyurethang, ndustry Co,, 15 L4d). 1,5:naphibalens disogyanate, p-phenylene dispeyanate.
m-phenylene dllsocyanate, p-xyly EnE d socyanate, anfm-xy ylene dllsocyanate; aliphatic
dllsocyanatgs syich as ethylene dllsocyanate, 2,2,4-trimethylhexamethylene dllsocyanate, and
1,6-hexamethylene dllsocyanate; and 20 allcycllc dllsocyanates such as 1,4-cyclohexane dllsocyanate,

4,4'-dIcyclohexyimethane dllsocyanate, Isophorone dllsocyanate, and norbornane dllsocyanate. These
may be used alone or in combination of two or more thereof. [0023] 250f the above-mentioned

Isocyamate components, ghc aymaticditsoeyanatglis prefenably ysed, andnearhediimigie-modified MDI
is in particular preferably used. [0024] The polyol compound(s) (each) having two or more 5 functional

groups mayn@each)be onéerusable erdisatitygnidechnicahifields oh pohtuethame. Examyiles thereof
include any polyether polyol, typical examples thereof including polytetramethylene ether glycol, and

polyethylenesgtycohiars/l polyester polysh adypic alexaasiestHereof-id cleings €0 potyliutyleae adipate;
any polyester polycarbonate polyol, examples thereof including polycaprolactone polyol, and a
composition containing, as raw material components,

active-hydrogen-containing compounds comprising a polyol
10 compound having two or more functional groups and a monool
compound having one functional group, and an isocyanate
component; the step of painting the foam-dispersed urethane
composition onto a planar member; the step of setting the
foam-dispersed urethane composition to form a polishing layer
15 comprising a thermoset polyurethane foam having substantially
spherical bubbles having an average bubble diameter of 20 to
300 pm; and the step of adjusting the polishing layer into a
uniform thickness. This manufacturing method makes it
possible to manufacture a polishing pad capable of decreasing
20 tiny undulations generated in the surface of a matter to be
polished.
[0017]
Furthermore, the present invention relates to a method
for manufacturing a semiconductor device, comprising the step

25 of using the polishing pad described in any one of the



reaction material made from a polyester glycol, such as polycaprolactone, and an alkylene carbonate;
any polyester polycarbonate polyol yielded by causing ethylene carbonate to 15 react with a polyhydric
alcohol, and next causing the resultant reaction mixture to react with an organic dicarboxylic acid; any
polycarbonate polyol yielded by transesterification reaction between a polyhydroxy compound and an
aryl carbonate; and any polymer polyol that is a polyether polyol wherein 20 polymer particles are
dispersed. These may be used alone or in combination of two or more thereof. [0025] In the

present invention, the following may be contained as the palyol compound(s) (each) having two or
ore funciGRAI D Gsbpe ATA SITGORRAE, GYRET MaBe 12 b AeRAdats oo &
trlethanolamine, ent&er tgﬁ_lt% g%tramethylolcyclohexane, methylglucosTde, alkylene oxide (such as

EO or PO) 3&3}}0 S0 Fhetse exampﬁésl, ethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol,

1,2-butanedTol, 51,3-butanedTol, 1,4-butanedTol, 2,3-butanedTol, 1,6-hexanedTol, neopentylglycol,
1,4-cyclohexanedTmethanol, 3-methyl-1,5-pentanedTol, dlethylene glycol, trlethylene glycol, any other

low-moleculat-weighipe!relr maneethanplamines dlethanolamine, 10 2-(2-aminoethylamino)ethanol,
monopropanolamine, and any other alcoholamine. These maybe used alone or in combination of two

or more thereaf1 f)026] In the present invention, a chain extender may be 15 contained as (one of) the
polyol compound(s) (each) having two or more functional groups. The chain extender is an organic

compound having at'least iwa actives hydrogengretips: dxamples 0f thel adtivethydrogen groups
Include hydroxyl groups, primary or secondary amino groups, and thlol groups (SH). Specific 20

examples of thel cthain @xternder heclude d, 4-methylenbbdis(oochlormwanTdThe)y (MOCA),
2,6-dIchloro-p-phenylenedbamine, 4,4'-methylenebTs(2,3-dIchloroanT1Tne),
3,5-bls(methgithier2 duolenedfamipe ; 253,5-bls(methylthlo)-2,6-toluenedlamine,

10 MODE FOR CARRYING OUT THE INVENTION
[0019]

The polishing pad of the present invention has a polishing
layer made of a thermoset polyurethane foam, which may be
referred to as a “polyurethane foam” hereinafter.

15 [0020]

Polyurethane resin is excellent in abrasion resistance,
and can be a polymer that can easily obtained with various
physical properties by changing the composition of raw
materials thereof variously; and further therein,

20 substantially spherical fine bubbles can easily be formed by
a mechanical foaming method (examples thereof including a
mechanical frothing method). For these reasons, polyurethane
resin is a material particularly preferable for the
constituting material of the polishing layer.

25 [0021]



3,5-dlethyltoluene-2,4-dlamlne, 3,5-dlethyltoluene-2,6-dlamine, trTmethylene
glycol-dl-p-arlinobenzoate, 1,2-101s(2-aminophenylthlo)ethane,
4,4'-dlarlino-3,3'-dlethyl-5,5'-dTmethyldiphenylmethane, 5
N,N'-dl-sec-butyl-4,4'-dlamInodlphenylmethane, 3,3'-dlethyl-4,4'-dlamInodiphenylmethane,
m-xylylenedlarline, N,N'-dl-sec-butyl-p-phenylenedlamine, m-phenylenedlarline, p-xylylenedlarline, and
other polyarlines; and the above-mentioned low-molecular-weight polyols or 10 low-molecular-weight
polyarlines. These may be used alone or in combination of two or more thereof. [0027] When the
total amount of the 88 3Hésm S%d(g?%ﬁ%gﬁdead as gﬁg%ﬁrtglb Siéh%ﬁofﬂeaﬁ}esent invention, it

15 is preferred that OQO% or more%%(y?otl comé)ﬁgung&(g%g@ r@rv(i)n 3or4 fgggtional groups and a

hydroxyl gréusﬁ) valtie of 10 OtI(Ilel, mg ROH g are containe in‘an amount of 20 to 75 parts by

weight. In ”?;%HE?&SH&E‘VSQH%’ ILis Important that the, gna-gunctional: gropp-gentaining monool

compound is contained 20 as one of the raw materials of the thermoset polyurethane foam; and further

when the palyal-gompaund{s)Tis/are gopfainashin anmeHAt ﬁ‘?a?bﬁ{ﬁ“%eﬂ%w&@ﬂéﬁ%fls generated
in the surface of a matter to be polished can be decreased while the hardness of the polishing layer is

maintained g25[0078knd a The 9aerfurctionabgrouprcartainingmeneek campetipd Maytke any one
known in technical fields of polyurethane. In the case of using, in particular, a compound represented
by the followingageineral formula (1): 5R2-(OCH2CHR2),-OH(1) wherein R2 is a methyl or ethyl group,
R2 is a hydrogen atom, or a methyl group, and n is an Integer of 1 to 5 in the present invention, a
further decrease of finy tindulationg generatedrip the stirface pf asnattertd Bepolishedcariiye attained.
Specific 10 examples of the monool compound usable in the present invention Include dlethylene
glycol mondethylktheP disthylehs yirslatdrometyvethdo dEsrepylehe lgiyesitmbrdethyl ether,
dEpropylene glycol monomethyl ether, 2-methoxyethanol, ethylene glycol monoethyl ether, ethylene
glycol mondBtAYIPLs Ethel StRyIEné et oo Bty Fether EtRyleRé R of HomophRenyl ether,
dlethylene glycol monobutyl ether, trEetherneegcoI monobutyl ether, and polyethylene glycol

monotP-EsdactylpReHyIEthErt Aid By Hikylené oRide Adtiiet of'd canssd/iie BEid such as acetic acid,

amyncadd£¥2’—diphenylmethane diisocyanate, 2,4’ -diphenylmethane

diisocyanate, 4,4’ -diphenylmethane diisocyanate, polymeric
MDI, carbodiimide-modified MDI (for example, MILLIONATE MTL
(trade name) manufactured by Nippon Polyurethane Industry Co.,

15 Ltd.), 1,5-naphthalene diisocyanate, p-phenylene diisocyanate,
m-phenylene diisocyanate, p-xylylene diisocyanate, and
m-xylylene diisocyanate; aliphatic diisocyanates such as
ethylene diisocyanate, 2,2,4-trimethylhexamethylene
diisocyanate, and 1, 6-hexamethylene diisocyanate; and

20 alicyclic diisocyanates such as 1,4-cyclohexane diisocyanate,
4,4’ -dicyclohexylmethane diisocyanate, isophorone
diisocyanate, and norbornane diisocyanate. These may be used
alone or in combination of two or more thereof.
[0023]

25 Of the above-mentioned isocyanate components, an



20 methacrylEc acid. [0029] In the present invention, a polyamine compound may be contained as one
of the active-hydrogen-containing compounds. Examples of the polyamine compound include
ethylenediamine, 25 tolylenediamine, diphenylmethanediamine, and alkylene oxide (such as EO or
PO) adducts of these amines. These may be used alone or in combination of two or more thereof. It is
particularly preferred to use an EO adduct of ethylenedlamIne. [0030] 5For the production of the
polyurethane resin, either a prepolymer method or one-shot method may be used. When the
polyurethane resin is produced by a prepqolymer method, a chain extender is used to cure an
Tsocyanate?t]é?l%%%%é% ?’épso?)?rﬁ)éﬁ%sethb ct%ﬁﬁ%%%% %F’ alhfleodﬁe 6ftHe above-mentioned chain 10
extenders @%%B% éjlsed.. 031 Thg rﬁﬂ‘i bletsween the ‘#sloccl}/fmgte component and th

. 3 NEAS,
actlve-hydrogen-cont%aff}i}ng;e cgmp%)uﬁgs may bée vaﬁguﬁf? ¢ anged in &ccordance with the molecular

weight of eaf_cdbgf4t ese 15 materials, desired physical properties of the polyurethane foam, and others.
In order to give a foam having desired properties, the following Index is preferably from 0.80 to 1.20,

more preferably fromyQ. 9849 J-15: thepymber INCQ Index) g Tsocyanate groupsof the Tsocyanate

component relative to the 20 number of entire active hydrogen groups (hydroxyl groups + amino
groupsj of theastiverhydragesgentaiingeerpounds. dhthernupher of the Isecyanatg groups is out

of this range, the resultant polyurethane tends to undergo curing insufficiency not to gain a required
specific gravigy;thardagssfields of polyurethane. Examples thereof include
any polyether polyol, typical examples thereof including
polytetramethylene ether glycol, and polyethylene glycol; any
polyester polyol, a typical example thereof including
10 polybutylene adipate; any polyester polycarbonate polyol,
examples thereof including polycaprolactone polyol, and a
reaction material made from a polyester glycol, such as
polycaprolactone, and an alkylene carbonate; any polyester
polycarbonate polyol yielded by causing ethylene carbonate to
15 react with a polyhydric alcohol, and next causing the resultant
reaction mixture to react with an organic dicarboxylic acid;
any polycarbonate polyol yielded by transesterification
reaction between a polyhydroxy compound and an aryl carbonate;
and any polymer polyol that is a polyether polyol wherein
20 polymer particles are dispersed. These may be used alone or
in combination of two or more thereof.
[0025]
In the present invention, the following may be contained
as the polyol compound(s) (each) having two or more functional

25 groups: trimethylolpropane, glycerin, diglycerin,

10



25 compressibility nor some other property. [0032] The polyurethane resin may be produced by a
known urethanTzlng technique such as melting technique or solution technique. When cost, working
environment and others are 5 considered, it is preferred to produce the resin by melting technique.
[0033] The thermoset polyurethane foam constituting the  polishing layer may be produced
preferably by a mechanical 10 foaming method (examples thereof including a mechanical frothing
method). [0034] Particularly preferred is a mechanical foaming method using a silicone surfactant

that is a copolymer of a 15 polyalkylsiloxane and a polyether. Examples of a preferred compound as
the siicone SLHGTART TEITAE SP103 And L &340 (MaRGackiréd By DN Corfihg bray siicone Co.

L), and 5443 (apufactured by Goldschimigt Gk, 0035] 201 necessary,the ollwing may be

added (to theresin): a zet such as an antioxiddnt, a lubricant,’a plgnYen?, a fiﬁgr, an antistatic

agent, and qther additives. JR0SE] , 4qy - Adgecrptiwill be made hereipafier.aBout examples of 25
a method for producing the thermoset polyurethane foam

1,2-propylene glycol, 1,3-propylene glycol, 1,2-butanediol,

5 1,3-butanediol, 1,4-butanediol, 2,3-butanediol,

1, 6-hexanediol, neopentylglycol, 1,4-cyclohexanedimethanol,

3-methyl-1,5-pentanediol, diethylene glycol, triethylene

glycol, any other low-molecular-weight polyol,

monoethanolamine, diethanolamine,

10 2-(2-aminoethylamino)ethanol, monopropanolamine, and any
other alcoholamine. These may be used alone or in combination
of two or more thereof.

[0026]
In the present invention, a chain extender may be

15 contained as (one of) the polyol compound(s) (each) having two
or more functional groups. The chain extender is an organic
compound having at least two active hydrogen groups. Examples
of the active hydrogen groups include hydroxyl groups, primary
or secondary amino groups, and thiol groups (SH). Specific

20 examples of the chain extender include
4,4’ -methylenebis (o-chloroaniline) (MOCA),
2,6-dichloro-p-phenylenediamine,

4,4’ -methylenebis (2,3-dichloroaniline),
3,5-bis(methylthio)-2,4-toluenediamine,

25 3,5-bis(methylthio) -2, 6-toluenediamine,
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constituting the polishing layer. The following processes (1) to (3) can be given as examples of a
method for producing a foam-dispersed urethane composition winch is a raw material of this
polyurethane foam: 5[0037] (1) An Isocyanate component, polyol compounds and others are
caused to react with each other to prepare an Isocyanate-terminated prepolymer. A silicone surfactant
is added to the prepolymer to produce a first component. While 10 the first component is mechanically
stirred in the presence of a nonreactive gas, the nonreactive gas is dispersed thereinto as fine bubbles
to prepare a foam-dispersed liquid. T tl%]ef .am-dis(gersed liquid is added a second component
including activ -_rr%/]d? -66 %ﬁﬁﬁg_%o b(é)hﬁ@%%u(:h as a 15 low-molecular-weight polyol and a
Iow-moIecu?r-é/\iedg%tc%n?élx%rginl?é I?ngztt\%rl these.components are £r1ixed with each other to prepare a

foam-dispersed uretha composn?on. A cat%t?yrg%rr]nedy be approp}(iateeq)? added to the second

Comp°”e”t9[99§§]1Z(&(j?(ll@—%@%%%%ao%%@,is pddeq 1q ableast ong of A.firstgameqRentdncluding an

Isocyanate component (or Isocyanate-terminated prepolymer), and a second component including

active-hydrogen-containing campoupds..ang thenghe &MD&%W@W%@@H&Q@? surfactant is
added is 25 mechanically stirred in the presence of a nonreactive gas to

dispersgthenprreactivegasthgreintoasfinebubbles, & this way; adeamndispersed liquid is prepared.
The remnant component is added to the foam-dispersed liquid. The components therein are 'fixed with
each other ), prepate aib/foam-dispetsedliwetharteccompesitiamd D039k v 1 y (8hAdllmenasurfactant
is added to at least one of a first component including an isocyanate component (or
isocyanate-forNfinated prepolyinet); andree sedontdecompoment m-phenylenediamine,
p—-xylylenediamine, and other polyamines; and the
above-mentioned low-molecular-weight polyols or
10 low-molecular-weight polyamines. These may be used alone or
in combination of two or more thereof.
[0027]
When the total amount of the polyol compound(s) is
regarded as 100 parts by weight in the present invention, it
15 is preferred that one or more polyol compounds (each) having
3 or 4 functional groups and a hydroxyl group value of 100 to
1,900 mg KOH / g are contained in an amount of 20 to 75 parts
by weight. 1In the present invention, it is important that the
one-functional-group-containing monool compound is contained
20 as one of the raw materials of the thermoset polyurethane foam;
and further when the polyol compound(s) is/are contained in an
amount in this range, tiny undulations generated in the surface
of a matter to be polished can be decreased while the hardness

of the polishing layer is maintained.

25 [0028]
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10 including active-hydrogen-containing compounds, and then the first and second components are
mechanically stirred in the presence of a nonreactive gas to disperse the nonreactive gas thereinto as
fine bubbles to prepare a foam-dispersed urethane composition. 15[0040] The foam-dispersed
urethane composition maybe prepared by a mechanical frothing method. The mechanical frothing
method is a method of: putting raw material components Into a mixing chamber of a mixing head while
a nonreactive gas is 20 Incorporated thereinto; and mixing and stirring the components by means of a
mixer such as an O%lgles mixer therebg railgin? the nonreactiveégas Into the state of fine bubbles and
ra

further dispersing the EU%B%_SJEIHR)C&]JG mateHal nfigiire - méchanicalfrothing métAdd is a

preferred mgthad since the, 25, mefhod makes iLpossibie fo adiustine, densi of the polyyethane
foam easily by the adjustment of the incorporated amount of the nonreactive gas. Moreover, the

method gives, 8 gogd RIQQH%ILO%%fﬁISE?PEX sinee,the method makes it ppssible o shape gontinuously a

polyurethane foam having substantially 5 spherical fine bubbles having an average bubble diameter of

20 to 300 pm, [QQ4d g gEhereafters the foam-dispersed urethane composition prepared by this
method is painted onto a planar member, and 10 then the foam-dispersed urethane composition is

cured te form a themmoseiqolyurethangfoam (polishing layer) directly onto the planar member. [0042]
The nonreactive gas used to form the fine bubbles is 15 preferably an incombustible gas, and specific
examples thereotinclukle hifragers oxygen andteayhon tiaxide Bases, taregasessuchtashelium and
argon, and any mixed gas of two or more of these gases. The gas from which water is removed by
drying is mast preferréd fromr theoviewpbint of castsi 20f043]o L 1 Asoa Sstirringmachianedoitmaking the
nonreactive gas in the form of fine bubbles, and further dispersing the bubbles, a known stirring
machine may'Be uisedwitholtespetialrestiiion. Spdcifiy exafipledébihe Arichiebalude a

the surface of amatter tobe polished canbe attained. Specific
10 examples of the monool compound usable in the present invention
include diethylene glycol monoethyl ether, diethylene glycol
monomethyl ether, dipropylene glycol monoethyl ether,
dipropylene glycol monomethyl ether, 2-methoxyethanol,
ethylene glycol monoethyl ether, ethylene glycol monobutyl
15 ether, ethylene glycol mono-t-butyl ether, ethylene glycol
monophenyl ether, diethylene glycol monobutyl ether,
triethylene glycol monobutyl ether, and polyethylene glycol
mono-p-isooctylphenyl ether; and any alkylene oxide adduct of
a carboxylic acid such as acetic acid, acrylic acid or
20 methacrylic acid.
[0029]
In the present invention, a polyamine compound may be
contained as one of the active-hydrogen-containing compounds.
Examples of the polyamine compound include ethylenediamine,

25 tolylenediamine, diphenylmethanediamine, and alkylene oxide
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25 homogenizer, a Dissolver, a biaxial planetary mixer, and a mechanical frothing machine. The
shape of one or more stirring vanes of the stirring machine is not particularly limited. A whipper-shaped
stirring vane is preferred since the use thereof gives fine bubbles. 5[0044] It is also preferred to
use different stirring machines for the stirring for preparing the foam-dispersed liquid in the forming
step, and for the stirring for mixing the first and second components to each other. In the mixing step,
the 10 stirring is not required to be stirring for forming bubbles, and the use of a stirring machine that
does not generate large bubbles is prc?ferred. S%ch a stirring machine is preferably a planetary mixer.

Even when {{&'S n?essﬁﬁin%rn?a%hiﬁe et ithe folmin JSIféepS of p? asrﬁwé“?ﬁé fSamispersed

liquid and 15.the mixing.step of glixing the ind%vi ual component }é\/ith eagh o@er,.no problem is
.allone OF 1N, COoll l]%a 1onh.o WO c%.r .more § ereorl. T l(f
caused. It is also preferred to use the machiné while stirring conditions are adjusted, for example, the

rota-L.11-19, speed. of the, stitingvanels) is.adisted astheneed aéifeest}%(?ﬁ%égiiamil%éhe polishing

pad according to the present invention, a substrate layer may be laminated on the polishing layer.
When the substsate layer is laminated on the polishing layer, the substrate layer is not particularly
limited. Examples thereof 25 Include nylon, polypropylene, polyethylene, polyester, polyvinyl chloride,

and other plastic filmsra pelyusethanedfeam, amalyethylengfoarm and atber highanelesular-weight
resin foams; rubbery resins such as butadiene rubber and Isoprene rubber; and photosensitive resins.

It is preferred-bo Lsecautnaf these examplesshylonmpalypropytene, olyethylenahpolyesier, polyvinyl
chloride, and other plastic films; and polyurethane foam, polyethylene foam, and other
high-molecwlat-weigthitiresia foapis: The substratedayer may el doghlersided dape, ohaisingle-sided
adhesive tape (the 10 single-sided adhesive layer thereof is to be bonded to a platen). [0046] The
substrate la§sF prederably Hassthbedaeseeqal RPEYVMoRE BTarethiat bRt oIy aReRamEtoam to give
toughness 15 to the polishing pad. The thickness of the substrate layer (when the layer is a
double-sidettapeor @singlesided d8Resite tape! the thickie st iR SipRtrafd) $sin6t pdrficularly

limited, and is preferably from 20 to 1,000 pm, more preferably from 50 to 800 pm from the viewpoint
Ofsnéﬁbﬂ]extenders may be used.

[0031]

The ratio between the isocyanate component and the
active-hydrogen-containing compounds may be variously changed
in accordance with the molecular weight of each of these

15 materials, desiredphysical properties of the polyurethane foam,
and others. 1In order to give a foam having desired properties,
the following index is preferably from 0.80 to 1.20, more
preferably from 0.90 to 1.15: the number (NCO index) of
isocyanate groups of the isocyanate component relative to the

20 number of entire active hydrogen groups (hydroxyl groups + amino
groups) of the active-hydrogen-containing compounds. If the
number of the isocyanate groups is out of this range, the
resultant polyurethane tends to undergo curing insufficiency
not to gain a required specific gravity, hardness,

25 compressibility nor some other property.
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20 and flexibility. [0047] Examples of the means that can be adopted to paint the foam-dispersed
urethane composition onto the planar member include gravure, kiss and comma and other roll coaters;
slot, 25 fountain and other die coaters; a squeeze coater; a curtain coater; and other painting means.
However, the means may be any means capable of forming a uniform painted film on the planar
member. [0048] 5It is highly preferable to heat the polyurethane foam obtained by painting the
foam-dispersed urethane composition onto the planar member and causing the components to react
with each Ot@é? il the composition comes not to flow, thereby post-curing the composition since the
post-curing s an 10 effect of improving the polyurethane foam in physical properties. The
post-curing is prefe béy er orurr%eedcﬁg%% tq:g(s)(itrforrngo r'%inute]?Otg nge%o%rs, %n%]hois operation is also
preferably performed under anorma pressure since the s%a%e of the bubBles is stabilized. 15[0049]

In the prodygfionpf the pglyuretiape faam, algrtiary amipe catalyst, ot gy offjerdqiayn gatalyst may

be used for promoting the polyurethane reaction. The kind and the addition amount of the catalyst is

selected, considgringa perigdauhen 20 a mixturerdelded aften the, step:0f mixing:the ndividual

components with each other is flowing in order to be painted onto the planar member. [0050]

The polyurethane feara mayi be progueetdn adateh mamner 25 afnreighingrthe jneivideakeomponents,
charging the components into a container and then stirring the components mechanically, or in a
continuous peaductignananner of supplying the individual components and the nonreactive gas
continuously to a stirring machine, stirring these components mechanically, feeding out
[0033]
The thermoset polyurethane foam constituting the
polishing layer may be produced preferably by a mechanical
10 foaming method (examples thereof including a mechanical
frothing method) .
[0034]
Particularly preferred is a mechanical foaming method
using a silicone surfactant that is a copolymer of a
15 polyalkylsiloxane and a polyether. Examples of a preferred
compound as the silicone surfactant include SH-192 and L-5340
(manufactured by Dow Corning Toray silicone Co., Ltd.), and
B8443 (manufactured by Goldschmidt GmbH) .
[0035]
20 If necessary, the following may be added (to the resin):
a stabilizer such as an antioxidant, a lubricant, a pigment,
a filler, an antistatic agent, and other additives.
[0036]

A description will be made hereinafter about examples of

25 a method for producing the thermoset polyurethane foam
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5 the foam-dispersed urethane composition and then shaping the composition into a shaped product.
[0051] In the polishing pad manufacturing method of the present invention, it is necessary that
after or while a polyurethane 10 foam is formed onto a planar member, the polyurethane foam is
adjusted Into a uniform thickness. The method for adjusting the polyurethane foam Into a uniform
thickness is not particularly Minted, and examples thereof Include a method of buffing the foam with a
polishing member, and a method of 15 pressing the foam by use of a pressing plate. When the foam is
buffed, a polishing layer.having, on the polyurethane foam surface, no.skin layer isg/ield ? When the
foam is preSSAt, & pOIhING RVeERAVITG. TotHe Ko urethAne fonht Ef4cE & Skrager I yielded.
Conditions [t%rt %Pressri]ngogre not 20 particulaarl g/linted' preﬁ%%?)l%, O1th§ gemé)era(%rce. of the foam is

adjusted to e g ass transition po‘f—r?tnora}%ig%%r. gi] ‘?ﬁe foam- |spersedf urethane %g%p%sition

prepared inffe abgye:mentioned manner is paiied pnig.a frleasing sheel, and.25 4 sybsirate layer is

laminated onto the foam-dispersed urethane composition. Thereafter, by curing the foam-dispersed
urethane campasition while aRrgssingdneans is used to make the composition Into a uniform
thickness, a polyurethane foam may be formed. This method Is a particularly preferred method since 5
the polishingdayserican be controlled Into a highly uniform thickness. [0053] The material for
forming the releasing sheet is not particularly Minted, and examples thereof may be the same 10
resins and papers fanthe.aboveanentioned substrater Theoeleasingsheehispreterablyiarsheet small
in dimension change based on heat. The surface of the releasing layer may be subjected to releasing
treatment. [084jcaused to react with each other to prepare an
isocyanate-terminated prepolymer. A silicone surfactant is
added to the prepolymer to produce a first component. While
10 the first component is mechanically stirred in the presence of
a nonreactive gas, the nonreactive gas is dispersed thereinto
as fine bubbles to prepare a foam-dispersed liquid. To the
foam-dispersed liquid is added a second component including
active-hydrogen-containing compounds such as a
15 low-molecular-weight polyol and a low-molecular-weight
polyamine, and then these components are mixed with each other
to prepare a foam-dispersed urethane composition. A catalyst
may be appropriately added to the second component.
[0038]
20 (2) A silicone surfactant is added to at least one of a
first component including an isocyanate component (or
isocyanate-terminated prepolymer), and a second component
including active-hydrogen-containing compounds, and then the

component to which the silicone surfactant is added is

25 mechanically stirred in the presence of a nonreactive gas to
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15The pressing means for making, Into a uniform thickness, the sandwich sheet composed of the
releasing sheet, the foam-dispersed urethane composition (foam-dispersed urethane layer) and the
substrate layer is not particularly limited. For example, a coater roller, a nip roller or some other is used
20 to compress the sandwich sheet Into a constant thickness. Considering that after the compressing,
the size of the bubbles in the foamed layer becomes about 1.2 to 2 times larger than that before the
compressing, it is preferred at the compressing time to make "50 to 85% of the thickness of the cured
polyurethane, 25 foam" equal to a value of the clearance of the coater or t%)e nip" - the tlilgickness of the
substrate layerand e ?e?l&ﬂﬁ%%%téf"‘.’ﬁ'u%?‘aewg Wejr&l gopgﬁ/tfrﬁheaﬁgl? &r%%‘avi%él & E)Scific gravity

of 0.2t0 0.5, it is parlefgcr)raerg _tEat the foa -gésl%elrsgd urethane con&oosiggg h{;\g a (s?peicific gravity of 0.24

to 1 before gap%’ssed throug he %Iﬁ? 0 *Caftér the dandwich sheet is made into the uniform

thickness, the nolyrethane foam obtained;hy caysing,the components concerngd.to react with each

other until the foam 10 comes not to flow is heated to be post-cured. Conditions for the post-curing are

the same ag deseriRed abqves {QQ56] Thergafiers the: releasing sheefundesneaththe polyurethane

foam is peeled. In this case, a skin layer is being 15 formed on the polyurethane foam. When the

polyurethanefeanmyisfpened by a-@eeharicaliepning mathod as described above, the unevenness of
the bubbles is less generated in the upper surface side of the polyurethane foam than in the lower
surface sidg.0ken the lower surface side of the thus-formed 20 polyurethane foam is used as a
polishing surface, this polishing surface is a surface wherein the unevenness of the bubbles is small.
Thus, the polishing pad i8 nsade better supdlshirgrate stabilitydThe skin layes maybeaémoved by

buffing the polyurethane foam after the releasing sheet is peeled. 25[0057]
first component including an isocyanate component (or

isocyanate-terminated prepolymer), and a second component
10 including active-hydrogen-containing compounds, and then the
first and second components are mechanically stirred in the
presence of a nonreactive gas to disperse the nonreactive gas
thereinto as fine bubbles to prepare a foam-dispersed urethane
composition.
15 [0040]

The foam-dispersed urethane composition may be prepared
by a mechanical frothing method. The mechanical frothing
method is a method of: putting raw material components into a
mixing chamber of a mixing head while a nonreactive gas is

20 incorporated thereinto; and mixing and stirring the components
by means of a mixer such as an Oakes mixer, thereby making the
nonreactive gas into the state of fine bubbles and further
dispersing the bubbles into the raw material mixture. The
mechanical frothing method is a preferred method since the

25 method makes it possible to adjust the density of the
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The thickness of the polyurethane foam is not particularly limited, and is preferably from 0.2 to 3 mm,
more preferably from 0.5 to 2 mm. [0058] 5The polyurethane foam produced by the above-mentioned
production method has substantially spherical bubbles. The polyurethane foam according to the
present invention may be a foam having continuous bubbles, or a foam having Independent bubbles.
10[0059] The average bubble diameter of the bubbles in the polyurethane foam is from 20 to 300
pm, preferably from 50 to 100 pm. When the bubbles are continuous bubbles, the average diameter of

circular openings in the surfaces of the pubhles 15 is preferably 100 pm or less, more preferably 50
o or locs, TG Lo <R gty o e Ho R o FHEGAE Roh 0.5 o 0.9, more

preferably from 0.4 to Q.5..If the specific, gravity is less than 0.3, the polishing.layer 20 or pad tends to
Be 100 high T BAF eIty SaLAe 1o BE SEtr S B lanes A the St a8 SBeaic gravity

is more thag 0.2 %l%@%@é?éﬁ—@f@%%%&a‘girﬂé@r@%'9?8{3}1@&" fiasslinkags dlensity in order to

make the polishing layer Into a predetermined elastic modulus. In this case, the 25 polishing pad tends

to be Increasedinprrmanentsteain iq,be deteriorated inepdyurancs, {01y s t Abeukthe hardness

of the polyurethane foam, the Asker C hardness thereof is preferably from 10 to 80 degrees, more 5

preferably fegm 2Pitea/0 degeees:ditheAskeriG hardness islessdhan 19, dhe petishingfpad tends to
be lowered in endurance, and a matter to be polished tends to be deteriorated in flatness after

polished. Ondhe otharmhand, if the hardness is more than 80 degrees, the front surface of a matter to
be polished is easily
[0041]
Thereafter, the foam-dispersed urethane composition
prepared by this method is painted onto a planar member, and
10 then the foam-dispersed urethane composition is cured to form
a thermoset polyurethane foam (polishing layer) directly onto
the planar member.
[0042]
The nonreactive gas used to form the fine bubbles is
15 preferably an incombustible gas, and specific examples thereof
include nitrogen, oxygen and carbon dioxide gases, rare gases
such as helium and argon, and any mixed gas of two or more of
these gases. The gas from which water is removed by drying is
most preferred from the viewpoint of costs.
20 [0043]
As a stirring machine for making the nonreactive gas in
the form of fine bubbles, and further dispersing the bubbles,
a known stirring machine may be used without especial

restriction. Specific examples of the machine include a

25 homogenizer, a Dissolver, a biaxial planetary mixer, and a
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10scratched. [0062] The shape of the polishing pad of the present invention is not particularly
limited, and may be a long strip shape having a length of about 5 to 10 m, or may be a round shape
having a 15 diameter of about 50 to 150 cm. [0063] The front surface of the polishing layer may
have a convexo-concave structure for hold/renewing a slurry. The polishing layer made of the foam
has many openings at its 20 polishing surface to have a function of holding/renewing a slurry, and
when the convexo-concave structure is formed in the polishing surface, the holding and renewing of a
slurry can be more eff%%ively ttained. Mglr,eover, the str%cture rgakes it possible to iPre\/.ent a matter

to be polishB8 iR befhy brokeh 25 By &dsttption batwedhtRe pad ind thE MatRr to bé Plished.

The form of the conv xprconcave structure is not partlcul%rlﬁllmlted as faiaslthe f rrrahol%s/renews a

vanes o SCL1lrXring ma S NQ rtIcular ed.
slurry. Examplrés of the convexo-concave structure Include Z3str|pe) groovgs, X1 Tatice grooves,

concentric grooyes, thigugh-holes, plind, hales, S polyganal colymns, ccular galumns, a.5piral groove,

eccentric grooves, radial grooves, and any combination of two or more of these grooves. These
convexo-cogeawe structures,gach-generally have therein regularity. However, in order to render the
structure a structure having a desired performance of 10 holding/renewing a slurry, the structure may
be chapged[ingraove pith, groove width, groove depth or some other inside individual areas thereof.
[0064] The method for forming the convexo-concave structure is 15 not particularly limited, and
examples thereof inttudesaanethateffusing a tool, strehias aditerhaving arpredeternhnieck size, to cut
the polishing layer mechanically, a method of causing a resin to flow in a mold having a predetermined
surface shaper antecating thewredin todfoamahe structerd,cemethod efrpredsingi20 @ resintisy use of a
pressing plate having a predetermined surface shape to form the structure, a method of using
photolithographs 16 Jordt #ie stadcturies & rhBthoditafising a rinting RidtBod 6 fdriv the sthdtture, and a

method of using a laser ray, such as a carbon dioxide gas laser ray, to form the structure. 25[0065]
second components to each other. In the mixing step, the

10 stirring is not required to be stirring for forming bubbles,
and the use of a stirring machine that does not generate large
bubbles is preferred. Such a stirring machine is preferably
a planetary mixer. Even when the same stirring machine is used
in the foaming step of preparing the foam-dispersed liquid and

15 the mixing step of mixing the individual components with each
other, no problem is caused. It is also preferred to use the
machine while stirring conditions are adjusted, for example,
the rotating speed of the stirring vane(s) is adjusted as the
need arises.

20 [0045]

In the polishing pad according to the present invention,
a substrate layer may be laminated on the polishing layer. When
the substrate layer is laminated on the polishing layer, the
substrate layer is not particularly limited. Examples thereof

25 include nylon, polypropylene, polyethylene, polyester,
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The polishing pad of the present invention may be a pad wherein a cushion sheet is bonded onto a
non-polishing surface side of a polishing layer. When a substrate layer is laminated onto the polishing
layer, it is preferred to laminate the 5 polishing layer, the substrate layer, and the cushion sheet in this
order. [0066] The cushion sheet (cushion layer) is a member compensating for properties of the
polishing layer. The 10 cushion sheet is required in order to make both of planarity and uniformity,
winch have a tradeoff relationship with each other in chemical mechanical polishing, compatible with

each other. The planarjty is the following flatness at the time of polishing a matter to be polished which
s fine ToRCRB b GEHETAIEIRANER Y (e (AR n the Hites: G MRS o Fe

patterned region. The uniformity is the evenness of the whole of the matter to be polished. In
Becordancet it broperias SHEL S0l e b Thger b Sty TPt Sk S bardance wih

properties of the gushjop sheet, the. 29 unormity is,improved, Ip e polishing,pad of the present

invention, it is preferred to use, as the cushion sheet, a sheet softer than the polishing layer. [0067]

Examples of the, cushion.sheetinclude fibgrnonwoveni2pfahtics nsuch as & polyester pppwoven
fabric, a nylon nonwoven fabric, and an acrylic nonwoven fabric; resin-impregnated nonwoven fabrics,

such as apalyestemnonwovestabricidewhichRolyy ethaneds jmpragnsatess highmolecular-weight resin
foams, such as a polyurethane foam, and a polyethylene foam; 5 and rubbery resins, such as

butadiene rgbhercand,/isoprene sukeart angd phatgsensitivetesins JOPGR]d other plastic

films; and polyurethane foam, polyethylene foam, and other
high-molecular-weight resin foams. The substrate layer may be
a double-sided tape, or a single-sided adhesive tape (the
10 single-sided adhesive layer thereof is to be bonded to a
platen) .
[0046]
The substrate layer preferably has a hardness equal to
or more than that of the polyurethane foam to give toughness
15 to the polishing pad. The thickness of the substrate layer
(when the layer is a double-sided tape or a single-sided
adhesive tape, the thickness of its substrate) is not
particularly limited, and is preferably from 20 to 1,000 um,
more preferably from 50 to 800 pum from the viewpoint of strength
20 and flexibility.
[0047]
Examples of the means that can be adopted to paint the
foam-dispersed urethane composition onto the planar member
include gravure, kiss and comma and other roll coaters; slot,

25 fountain and other die coaters; a squeeze coater; a curtain
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The means for bonding the cushion sheet is, for example, a means of sandwiching the polishing layer
and the cushion layer 10 between pieces of a double-sided tape, and then pressing the sandwich.
[0069] In the polishing pad of the present invention, a double-sided tape may be laid on the
surface thereof which is 15 to be bonded to a platen. [0070] A semiconductor device is
manufactured through a process of using the above-mentioned polishing pad to polish a surface of a
semiconductor wafer. The semiconductor wafer is generally 20 a matter wherein a wiring metal and an
oxide film are Iamlnated %nn%)tt ilicon wafer.. The method and machine f golishin the seg)nconductor

wafer are nSPSar?Eula?lg} %o?%&gﬁﬂ]eq ESMOStratd LR er1 e pollSHin iénﬁé(rf med by use

of a pO|IShI machine e d wi 0|lShIn tabl 2 for 25, supporting a 0I| h|n pad l,a
supporter (po r\éhlngrﬁ c% or sugqpfg)rt%ng a égmlcon ductor water f%a t%lncé)ng me er ?or applying
an even pressiire to the wafer, and a mechanism for supplying a polishing agent 3. The polishing pad
1 is bonded onto the polishing pad 2 through, for example, a double-sided 5 tape to be fitted on the
pad 2. The pglishing table 2 and the supporter 5 are arranged 161 such a manner that the polishing
pad 1 and the semiconductor wafer 4 supported on these members 2 and 5, respectively, are faced to

each other. The members 2ranghd faye sotating Bxes & and ¥, raspegtively.1athe 49 vigiaity of the
supporter 5, a pressing mechanism is located for pushing the semiconductor wafer 4 onto the

polishing patht aThe sehyconrductamnwatetel iSopolisbhed by pushing thehsemiconductor wiader 4 onto the
polishing pad 1 while the polishing table 2 and the supporter 5 are rotated, and further 15 supplying a
slurry thereto The fleworate af the shery fsidot particutarhhimitedpas svetlsas the dead forithie polishing,
the rotation number of the polishing table, and the rotation number of the wafer. These are
appropriatefieadjusted 007} 201nthis wayrthe suiate ¢otginesstofihe Shffdce bhtHeeby
semiconductor wafer 4 is Improved, and scratches therein are removed. Thereafter, the wafer is
subjected t(?aﬁngc%hﬂﬁ]d*r?a&%ﬁ?ﬁséﬁdthesréfté?néﬁl?fa‘h‘ﬁ?r% eFéléﬁﬁ%rﬂ%?&%?néél The

semiconductor device is used 1n, for example, an arithmetic
10 effect of improving the polyurethane foam in physical

properties. The post-curing is preferably performed at 40 to
70°C for 10 minutes to 24 hours, and this operation is also
preferably performed under a normal pressure since the shape
of the bubbles is stabilized.

15 [0049]

In the production of the polyurethane foam, a tertiary
amine catalyst, or any other known catalyst may be used for
promoting the polyurethane reaction. The kind and the addition
amount of the catalyst is selected, considering a period when

20 a mixture yielded after the step of mixing the individual
components with each other is flowing in order to be painted
onto the planar member.

[0050]
The polyurethane foam may be produced in a batch manner

25 of weighing the individual components, charging the components
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25 processing device, or a memory. A lens, or a glass substrate for a hard disc can be finish-polished
in the same manner as described above. EXAMPLES 5[0072] Hereinafter, the present invention
will be described by way of working examples. However, the present invention is not limited to these
working examples. [0073] 10Specific Gravity Measurement: The measurement is made in
accordance with JIS Z8807-1976. Any produced polyurethane foam is cut out into the form of a strip
(thickness: selected at will) 4 cm x 8.5 cm in size, and the strip is used as a sample. The sample is
allowed to stand 15 still in an environment having a temperature of 23C 2C, and a humidity of 50 5%
for 16 houre. "o  GABATBMISH: R RAUE DY Lse a4 ravimS@rRAR U Fa 6y SatbRES AG), In
this way, th%éspencgi%%ae/it is meas%rﬁlcllc[tologﬂm%OI-rllaerd%e;s 1I}/IerEenm r}g:eTlflgdyg%%%rae[nent is
made in accordance with JiS K-7312. ny pro uced poﬁ/uretﬁaﬁg dam-s cut out Into pieces 5cm x5

cm in size (thigkness selecied apwill),and the piecesarelised;as samples. Jhe samples,gre allowed

to stand still in an 25 environment having a temperature of 23C 2C, anda humidity

machine, stirring these components mechanically, feeding out
5 the foam-dispersed urethane composition and then shaping the

composition into a shaped product.

[0051]

In the polishing pad manufacturing method of the present

invention, it is necessary that after or while a polyurethane
10 foam is formed onto a planar member, the polyurethane foam is

adjusted into a uniform thickness. The method for adjusting

the polyurethane foam into a uniform thickness is not

particularly limited, and examples thereof include a method of

buffing the foam with a polishing member, and a method of
15 pressing the foam by use of a pressing plate. When the foam

is buffed, a polishing layer having, on the polyurethane foam

surface, no skin layer is yielded. When the foam is pressed,

a polishing layer having, on the polyurethane foam surface, a

skin layer is yielded. Conditions for the pressing are not
20 particularly limited; preferably, the temperature of the foam

is adjusted to the glass transition point or higher.

[0052]

The foam-dispersed urethane composition prepared in the
above-mentioned manner is painted onto a releasing sheet, and

25 a substrate layer is laminated onto the foam-dispersed urethane
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of 50% 5% for 16 hours. Some of the samples are put onto each other to give a thickness of 10 mm or
more. A hardness meter (Asker C hardness meter, manufactured by Kobunshl Kelkl Co., Ltd., pressing
surface height: 3 mm) is used, and the pressing 5 surface is brought Into contact therewith. After 30
seconds from the contact, the hardness is measured. [0075] Tiny Undulations: A noncontact
profilometer (New View 6300, manufactured 10 by Zygo Corp.) is used to measure the Ra of each of
five points of the front surface of a matter to be polished under conditions that the lens power is 2.5,

the zooming power is Q.5, and its bandpass filter is set to 200 to 1,250 pm, The average value (nm)
thereof 15 QAR B ISty uhOBRIBAE el tg Bhi 15 (IO BT THEARRE. the

usedpolishedmatter is apolished mattegq%kitflined gyspolishin%according%}getge foIIovxﬁl{r}qué)lishing

manner. [Od]ﬁﬁ o%gﬁingowpa%ﬁért:]Z%Ibouble-esi%é) olisher gt%ﬂa con |t|onsto ma ouble-sided

polisher: 9Bc‘&¥rl?rsods°ir’t?£%§idle&’t%°'£5%i manyfagtured by speedfam, Go.. kid, Erecessing pressure:
100 g/cm2 Table rotation number: 50 rpm 25Polishing agent supply rate: 4 L/rfin Charged Substrates:

TS4OSX’m&@ggﬁﬁggdbfﬁ&@ﬁkthodjj;aparticularlypreferredmethodsince

5 the polishing layer can be controlled into a highly uniform
thickness.
[0053]
The material for forming the releasing sheet is not
particularly limited, and examples thereof may be the same

10 resins and papers for the above-mentioned substrate. The
releasing sheet is preferably a sheet small in dimension change
based on heat. The surface of the releasing layer may be
subjected to releasing treatment.

[0054]

15 The pressing means for making, into a uniform thickness,
the sandwich sheet composed of the releasing sheet, the
foam-dispersed urethane composition (foam-dispersed urethane
layer) and the substrate layer isnot particularly limited. For
example, a coater roller, a nip roller or some other is used

20 to compress the sandwich sheet into a constant thickness.
Considering that after the compressing, the size of the bubbles
in the foamed layer becomes about 1.2 to 2 times larger than
that before the compressing, it is preferred at the compressing
time tomake “50 to 85% of the thickness of the cured polyurethane

25 foam” equal to a value of “the clearance of the coater or the
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Inc. The number of the charged substrates: 25 Each of the substrates is continuously polished
until the 5 substrate thickness is turned to 85% of the initial thickness. The used polishing agent is
prepared by the following method: [0077] Polishing Agent Preparing Method: To water is
added a product SHOROX A-10 (manufactured by 10 Showa Denko K.K.), and these are mixed with
each other to prepare a polishing agent to have a specific gravity of 1.06 to 1.09. [0078] Raw

Materials: Individual raw materials used are as follows: 15(1) PonoI compounds
Polycaprolactong poly. L 210N_(PCL2 8)%2 manuf ctured ceI emical Industries,
Ltd.; the nufhbr of fu}’%ﬁoﬁ %BS&SZ%%%? ﬁﬁéeil 6#? casing

20P0chapro actong polyol "P(I.I,AC(,EgL 30 PCLBQ%ﬁ're%%ufact%red bg DaIceI Chemlca Industrles
0

Ltd.; the number of functional groups %ﬁﬁ grouﬁeglue mg yKOR ?8 Polyc ycaprolactone

polyol "P'-A%@So@ L308)) '@a@UfQCSUE%d %’é‘é%%??’e%h%%‘?@'éﬂg“%%%%hfldsptg'?s%‘cﬁ“ber 25 of

functional groups: 3, and hydroxyl group value: 198 mg KO

urethane composition has a specific gravity of 0.24 to 1 before
5 passed through the roll.
[0055]

After the sandwich sheet is made into the uniform
thickness, the polyurethane foam obtained by causing the
components concerned to react with each other until the foam

10 comes not to flow is heated to be post-cured. Conditions for
the post-curing are the same as described above.
[0056]

Thereafter, the releasing sheet underneath the

polyurethane foam is peeled. 1In this case, askin layer is being

15 formed on the polyurethane foam. When the polyurethane foam
is formed by a mechanical foaming method as described above,
the unevenness of the bubbles is less generated in the upper
surface side of the polyurethane foam than in the lower surface
side. When the lower surface side of the thus-formed

20 polyurethane foam is used as apolishing surface, thispolishing
surface is a surface wherein the unevenness of the bubbles is
small. Thus, the polishing pad is made better inpolishing rate
stability. The skin layer may be removed by buffing the
polyurethane foam after the releasing sheet is peeled.

25 [0057]
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Polytetramethylene ether glycol "PTMG1000", manufactured by Mitsubishi Chemical Corp.; the
number of  functional groups: 2, and hydroxyl group value: 110 mg KOH / 5g,

Polytetramethylene ether glycol "PTMG2000", manufactured by Mitsubishi Chemical Corp.; the
number of functional groups: 2, and hydroxyl group value: 56 mg KOH / g, Dlethylene glycol (DEG),
manufactured by Nacalal Tesque 10 Inc.; the number of functional groups: 2, and hydroxyl group
value: 1,057 mg KOH / g, 1,4-butanedlol (1,4-BD), manufactured by Nacalal Tesque Inc.; the

number of functional groups: 2, and hydroxyl group, value: 1,247 KOH / g, 15Propylene oxide
adduct of trImethonT %pgﬁé C%R%%N(SE SgB%IFp', MARUFACArEY By ASan1GIAsS Co., Ltd.; the number

of functional grqups: 3, and hydraxyl group value: 865.mg KOH g, Dlglycerin, manufactured by Wako
Pure Cherm el PO S, et St o Rt a e Pube ool Sralp e, 1,350

mg KOH / gp]g%]f)el\g%%l Gogpoynds . , » Dlethylene glycol monoethyl ether (EtODEG),
manufactured by Nacalal Tesque Inc.; the number of functional group: 1, and 25 hydroxyl group value:

418 mg KOHy g3 |

5 The polyurethane foam produced by the above-mentioned
production method has substantially spherical bubbles. The
polyurethane foam according to the present invention may be a
foam having continuous bubbles, or a foam having independent
bubbles.

10 [0059]
The average bubble diameter of the bubbles in the
polyurethane foam is from 20 to 300 um, preferably from 50 to
100 um. When the bubbles are continuous bubbles, the average
diameter of circular openings in the surfaces of the bubbles
15 is preferably 100 pm or less, more preferably 50 um or less.
[0060]
The specific gravity of the polyurethane foam is
preferably from 0.3 to 0.9, more preferably from 0.4 to 0.5.
If the specific gravity is less than 0.3, the polishing layer
20 or pad tends to be too high in porosity so as to be deteriorated
in endurance. On the other hand, if the specific gravity is
more than 0.9, it is necessary to make the raw materials into
a low crosslinkage density in order to make the polishing layer
into a predetermined elastic modulus. In this case, the

25 polishing pad tends to be increased in permanent strain to be
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Dlethylene glycol monomethyl ether (MeODEG), manufactured by Nacalal Tesque Inc.; the number of
functional group: 1, and hydroxyl group value: 467 mg KOH / g, (111) Catalyst 5"Kao No. 25",
manufactured by Kao Corp. (1v) Foaming agent B8443", manufactured by Goldschmldt GmbH (v)
Isocyanate component Carbodlimlde-modified dlphenylmethane dlisocyanate 10(MDI) "MILLIONATE
NIL", manufactured by Nippon Polyurethane Industry Co., Ltd. [0079] Examples 1 to 6, and
Comparative Example 1 Individual raw materials were charged Into a container 15 to give blend
proportions in the upper columns in Table 1 (each of numbers therein represents the number of parts
by weight o GhE of tHe e materfals WiehThe total amount of the polyol compounds is regarded as
100 parts b wéqt]t), and stirring vanes were used to stir the blended components vigorously at 20 a
rotation number of 900 rpm for 4 minutes to take bubbles Into the reaction system. Thereatfter, the

carbodlimide-modified MD! was added-theretgdo give an NGOJprex of 110, anditheeagtion system

was stirred for 1 minute to prepare each foam-dispersed urethane composition. 25[0080]

C hardness thereof is preferably from 10 to 80 degrees, more
5 preferably from 20 to 70 degrees. If the Asker C hardness is

less than 10, the polishing pad tends to be lowered in endurance,

and a matter to be polished tends to be deteriorated in flatness

after polished. On the other hand, if the hardness is more than

80 degrees, the front surface of amatter tobepolishediseasily
10 scratched.

[0062]

The shape of the polishing pad of the present invention
is not particularly limited, andmay be a long strip shape having
a length of about 5 to 10 m, or may be a round shape having a

15 diameter of about 50 to 150 cm.
[0063]

The front surface of the polishing layer may have a
convexo-concave structure for hold/renewing a slurry. The
polishing layer made of the foam has many openings at its

20 polishing surface to have a function of holding/renewing a
slurry, and when the convexo-concave structure is formed in the
polishing surface, the holding and renewing of a slurry can be
more effectively attained. Moreover, the structure makes it
possible to prevent a matter to be polished from being broken

25 Dby adsorption between the pad and the matter to be polished.
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The prepared foam-dispersed urethane composition was painted onto a releasing sheet that was a
PET sheet (manufactured by Toyobo Co., Ltd.; thickness: 75 pm) subjected to releasing treatment to
form a foam-dispersed urethane layer. 5 The foam-dispersed urethane layer was covered with a
substrate layer that was a PET sheet (manufactured by Toyobo Co., Ltd., thickness: 188 pm). A nip
roll was used to make the foam-dispersed urethane layer Into a thickness of 1.5 mm, and the
workplece was primarily cured at 40C for 30 minutes. 10 Thereafter, the workplece was secondly
cured at 70C for 30 min tges to form a polyurethane foam (foamed layer). Thereatfter, the releasing

sheet Was é}ﬁe OB Eﬁjcerc(%hn?ffgctﬁP&CWEe%Eg KirtéiGm ﬁ‘@%%%%scb‘ &d to'make the

polyurethang.foam Into a thickness of 1.3 mm I cigus way, the pregcj S|on 15 of the thlckness was
adjusted. T pI%Pereage?gla ar%] nat%rswzg ustg(’)dr to E}é)n /d%u sujaeols tape (iz)oub ealma%fersape

ma”UfaCtUf%ﬂ%%%‘%i%%%%ﬂ@éb@%é%ﬂé@&%”l%?%%“fiacﬁs‘eff'{lse%ut&%‘&%!?é’efJ&

manufacture a polishing pad. Example 6 1 OE 1189 |

lattice grooves, concentric grooves, through holes, blind holes,
5 polygonal columns, circular columns, a spiral groove, eccentric
grooves, radial grooves, and any combination of two or more of
these grooves. These convexo-concave structures each
generally have therein regularity. However, in order to render
the structure a structure having a desired performance of
10 holding/renewing a slurry, the structure may be changed in
groove pith, groove width, groove depth or some other inside
individual areas thereof.
[0064]
The method for forming the convexo-concave structure is
15 notparticularly limited, and examples thereof include a method
of using a tool, such as a bite having a predetermined size,
to cut the polishing layer mechanically, a method of causing
a resin to flow in a mold having a predetermined surface shape,
and curing the resin to form the structure, a method of pressing
20 a resin by use of apressingplate having a predetermined surface
shape to form the structure, a method of using photolithography
to form the structure, a method of using a printing method to
form the structure, and a method of using a laser ray, such as
a carbon dioxide gas laser ray, to form the structure.

25 [0065]
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The polishing pad of the present invention may be a pad
wherein a cushion sheet is bonded onto a non-polishing surface
side of a polishing layer. When a substrate layer is laminated
onto the polishing layer, it is preferred to laminate the
polishing layer, the substrate layer, and the cushion sheet in
this order.

[0066]

The cushion sheet (cushion layer) is a member
compensating for properties of the polishing layer. The
cushion sheet is required in order to make both of planarity
and uniformity, which have a tradeoff relationship with each
other in chemical mechanical polishing, compatible with each
other. The planarity is the following flatness at the time of
polishing a matter to be polished which has fine irregularities
generated when a pattern is formed in the matter: the flatness
of the patterned region. The uniformity is the evenness of the
whole of the matter to be polished. 1In accordance with
properties of the polishing layer, the planarity is improved,
and in accordance with properties of the cushion sheet, the
uniformity is improved. In the polishing pad of the present
invention, it is preferred to use, as the cushion sheet, a sheet
softer than the polishing layer.

[0067]
Examples of the cushion sheet include fiber nonwoven

fabrics, such as a polyester nonwoven fabric, a nylon nonwoven
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fabric, and an acrylic nonwoven fabric; resin-impregnated
nonwoven fabrics, such as a polyester nonwoven fabric into which
polyurethane is impregnated; high-molecular-weight resin
foams, such as a polyurethane foam, and a polyethylene foam;
and rubbery resins, such as butadiene rubber and isoprene
rubber; and photosensitive resins.

[0068]

The means for bonding the cushion sheet is, for example,
a means of sandwiching the polishing layer and the cushion layer
between pieces of a double-sided tape, and then pressing the
sandwich.

[0069]

In the polishing pad of the present invention, a
double-sided tape may be laid on the surface thereof which is
to be bonded to a platen.

[0070]

A semiconductor device is manufactured through a process
of using the above-mentioned polishing pad to polish a surface
of a semiconductor wafer. The semiconductor wafer is generally
a matter wherein a wiring metal and an oxide film are laminated
on a silicon wafer. The method and machine for polishing the
semiconductor wafer are not particularly limited. For example,
as illustrated in Fig. 1, the polishing is performed by use of
a polishing machine equipped with a polishing table 2 for

supporting a polishing pad 1, a supporter (polishing head) 5
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for supporting a semiconductor wafer 4, a backing member for
applying an even pressure to the wafer, and a mechanism for
supplying a polishing agent 3. The polishing pad 1 is bonded
onto the polishing pad 2 through, for example, a double-sided
tape to be fitted on the pad 2. The polishing table 2 and the
supporter 5 are arranged in such a manner that the polishing
pad 1 and the semiconductor wafer 4 supported on these members
2 and 5, respectively, are faced to each other. The members
2 and 5 have rotating axes 6 and 7, respectively. 1In the
vicinity of the supporter 5, a pressing mechanism is located
for pushing the semiconductor wafer 4 onto the polishing pad
1. The semiconductor wafer 4 is polished by pushing the
semiconductor wafer 4 onto the polishing pad 1 while the
polishing table 2 and the supporter 5 are rotated, and further
supplying a slurry thereto. The flow rate of the slurry is not
particularly limited, as well as the load for the polishing,
the rotation number of the polishing table, and the rotation
number of the wafer. These are appropriately adjusted.
[0071]

In this way, the surface roughness of the surface of the
semiconductor wafer 4 is improved, and scratches therein are
removed. Thereafter, the wafer is subjected to dicing, bonding,
packaging and others to manufacture a semiconductor device.
The semiconductor device is used in, for example, an arithmetic

processing device, or a memory. A lens, or a glass substrate
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for a hard disc can be finish-polished in the same manner as

described above.

EXAMPLES
[0072]

Hereinafter, the present invention will be described by
way of working examples. However, the present invention is not
limited to these working examples.

[0073]

Specific Gravity Measurement:

The measurement is made in accordance with JIS Z8807-1976.
Any produced polyurethane foam is cut out into the form of a
strip (thickness: selected at will) 4 cm x 8.5 cm in size, and
the strip is used as a sample. The sample is allowed to stand
still in an environment having a temperature of 23°C + 2°C, and
a humidity of 50 = 5% for 16 hours. The measurement is made
by use of a gravimeter (manufactured by Sartorius AG). 1In this
way, the specific gravity is measured.
[0074]

Hardness Measurement:

The measurement is made in accordance with JIS K-7312.
Any produced polyurethane foam is cut out into pieces 5 cm x
5 cm in size (thickness: selected at will), and the pieces are
used as samples. The samples are allowed to stand still in an

environment having a temperature of 23°C £ 2°C, and a humidity
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of 50% £ 5% for 16 hours. Some of the samples are put onto each

other to give a thickness of 10 mm or more. A hardness meter
(Asker C hardness meter, manufactured by Kobunshi Keiki Co.,
Ltd., pressing surface height: 3 mm) is used, and the pressing
surface is brought into contact therewith. After 30 seconds
from the contact, the hardness is measured.

[0075]

Tiny Undulations:

A noncontact profilometer (New View 6300, manufactured
by Zygo Corp.) is used to measure the Ra of each of five points
of the front surface of a matter to be polished under conditions
that the lens power is 2.5, the zooming power is 0.5, and its
bandpass filter is set to 200 to 1,250 um. The average value
(nm) thereof is defined as the tiny undulations. When the tiny
undulations are measured, the usedpolishedmatter is a polished
matter obtained by polishing according to the following
polishing manner.

[0076]
Polishing Manner:
Double-sided Polisher Setting Conditions
Double-sided polisher: 9B type double-sided
polisher, manufactured by SpeedFam Co., Ltd.
Processing pressure: 100 g/cm2
Table rotation number: 50 rpm

Polishing agent supply rate: 4 L/min
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Charged substrates: TS-10SX, manufactured by Ohara
Inc.
The number of the charged substrates: 25

FEach of the substrates is continuously polished until the
substrate thickness is turned to 85% of the initial thickness.
The used polishing agent is prepared by the following method:
[0077]

Polishing Agent Preparing Method:

To water is added a product SHOROX A-10 (manufactured by
Showa Denko K.K.), and these aremixed with each other to prepare
a polishing agent to have a specific gravity of 1.06 to 1.009.
[0078]

Raw Materials:

Individual raw materials used are as follows:

(i) Polyol compounds

Polycaprolactone polyol “PLACCEL 210N (PCL210N)”,
manufactured by Daicel Chemical Industries, Ltd.; the number
of functional groups: 2, and hydroxyl group value: 110 mg KOH
/9

Polycaprolactone polyol “PLACCEL 305 (PCL305)”
manufactured by Daicel Chemical Industries, Ltd.; the number
of functional groups: 3, and hydroxyl group value: 305 mg KOH
/ g, Polycaprolactone polyol “PLACCEL 308 (PCL308)”
manufactured by Daicel Chemical Industries, Ltd.; the number

of functional groups: 3, and hydroxyl group value: 198 mg KOH
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/ g9,

Polytetramethylene ether glycol “PTMG1000”,
manufactured by Mitsubishi Chemical Corp.; the number of
functional groups: 2, and hydroxyl group value: 110 mg KOH /
gy

Polytetramethylene ether glycol “PTMG2000”,
manufactured by Mitsubishi Chemical Corp.; the number of
functional groups: 2, and hydroxyl group value: 56 mg KOH / g,

Diethylene glycol (DEG), manufactured by Nacalai Tesque
Inc.; the number of functional groups: 2, and hydroxyl group
value: 1,057 mg KOH / g,

1,4-butanediol (1,4-BD), manufactured by Nacalai Tesque
Inc.; the number of functional groups: 2, and hydroxyl group
value: 1,247 mg KOH / g,

Propylene oxide adduct of trimethylolpropane “EXCENOL
890MP”, manufactured by Asahi Glass Co., Ltd.; the number of
functional groups: 3, and hydroxyl group value: 865 mg KOH /
gy

Diglycerin, manufactured by Wako Pure Chemical
Industries, Ltd.; the number of functional groups: 4, and
hydroxyl group value: 1,350 mg KOH / g,

(ii) Monool Compounds

Diethylene glycol monoethyl ether (EtODEG), manufactured
by Nacalai Tesque Inc.; the number of functional group: 1, and

hydroxyl group value: 418 mg KOH / g,
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Diethylene glycol monomethyl ether (MeODEG),
manufactured by Nacalai Tesque Inc.; the number of functional
group: 1, and hydroxyl group value: 467 mg KOH / g,

(iii) Catalyst

5 “Kao No. 25”, manufactured by Kao Corp.

(iv) Foaming agent

“B8443”, manufactured by Goldschmidt GmbH

(v) Isocyanate component

Carbodiimide-modified diphenylmethane diisocyanate

10 (MDI) “MILLIONATE MTL”, manufactured by Nippon Polyurethane
Industry Co., Ltd.
[0079]
Examples 1 to 6, and Comparative Example 1
Individual raw materials were charged into a container
15 to give blend proportions in the upper columns in Table 1 (each
of numbers therein represents the number of parts by weight of
one of the raw materials when the total amount of the polyol
compounds is regarded as 100 parts by weight), and stirring
vanes were used to stir the blended components vigorously at
20 a rotation number of 900 rpm for 4 minutes to take bubbles into
the reaction system. Thereafter, the carbodiimide-modified
MDI was added thereto to give an NCO index of 1.10, and the
reaction system was stirred for 1 minute to prepare each
foam-dispersed urethane composition.

25 [0080]
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The prepared foam-dispersed urethane composition was
painted onto a releasing sheet that was a PET sheet
(manufactured by Toyobo Co., Ltd.; thickness: 75 um) subjected
to releasing treatment to form a foam-dispersed urethane layer.
The foam-dispersed urethane layer was covered with a substrate
layer that was a PET sheet (manufactured by Toyobo Co., Ltd.,
thickness: 188 um). A nip roll was used to make the
foam-dispersed urethane layer into a thickness of 1.5 mm, and
the workpiece was primarily cured at 40°C for 30 minutes.
Thereafter, the workpiece was secondly cured at 70°C for 30
minutes to form a polyurethane foam (foamed layer). Thereafter,
the releasing sheet was peeled. Next, a slicer (manufactured
by Fecken-Kirfel Gmbh & Co.) was used to make the polyurethane
foam into a thickness of 1.3 mm. In this way, the precision
of the thickness was adjusted. Thereafter, a laminator was used
to bond a double-sided tape (Double Tack Tape, manufactured by
Sekisui Chemical Co., Ltd.) onto the front surface of the

substrate layer to manufacture a polishing pad.
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[0082]

It is understood from the results in Table 1 that each
of the polishing pads of Examples 1 to 6 was reduced in tiny
undulations generated in the surface of the matter to be

5 polished as compared with the polishing pad of Comparative
Example 1.
DESCRIPTION OF REFERENCE SIGNS
[0083]
1: polishing pad
10 2: polishing table

3: polishing agent (slurry)

4: matter to be polished (semiconductor wafer, lens or
glass plate)

5: supporter (polishing head)

15 6, and 7: rotating axes
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Comparative Example 1.

10

15

20

25

CLAIMS

1. A polishing pad having a polishing layer comprising
a thermoset polyurethane foam,

wherein the thermoset polyurethane foam contains, as raw
material components, an isocyanate component, and
active-hydrogen-containing compounds, and

the active-hydrogen-containing compounds comprise one or
more polyol compounds (each) having two or more functional

groups, and a monool compound having one functional group.

2. The polishing pad according to claim 1, wherein the
monool compound is a compound represented by the following
general formula (1):

R'- (OCH,CHR?) ,-OH (1)
wherein R' is a methyl or ethyl group, R? is a hydrogen atom,

or a methyl group, and n is an integer of 1 to 5.

3. The polishing pad according to claim 1, wherein the
monool compound is contained in an amount of 1 to 20 parts by

weight for 100 parts by weight of the polyol compound(s) .

4. The polishing pad according to claim 1, wherein one
or more polyol compounds (each) having 3 or 4 functional groups

and a hydroxyl group value of 100 to 1,900 mg KOH / g are comprised
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DESCRIPTION OF REFERENCE SIGNS [0083] 1: polishing pad 102: polishing table 3: polishing
agent (slurry) 4: matter to be polished (semiconductor wafer, lens or glass plate) 5:
supporter (polishing head) 156, and 7: rotating axes CLAIMS 1. A polishing pad having a
polishing layer comprising a thermoset polyurethane foam, Swherein the thermoset polyurethane foam
contains, as raw material components, an Isocyanate component, and active-hydrogen-containing
compounds, and the active-hydrogen-containing compounds comprise one or more polyol

compounds.(each) having twa qr more_functional 10 groups, and a monool compound having one
functional gioup™ 215 g b hd BECAa IS LRI 1R e RaRbAl CoEound s a
compound %epr%%eente%% ttie éol!ﬁ)vg%%ggneral formula (1): 15R2-(OCH2CHR?2),-OH(1) wherein R2 is
a methyl or ethy grogp, 2is a%ygrogen atom, or a methyl group, and n is an Integer of 1 to 5.

5. The polishing pad according to claim 1, wherein the

5 1isocyanate component is an aromatic isocyanate.

6. The polishing pad according to claim 1, wherein the
isocyanate component is a carbodiimide-modified

diphenylmethane diisocyanate.

10
7. The polishing pad according to claim 1, wherein the
thermoset polyurethane foam has substantially spherical
bubbles having an average bubble diameter of 20 to 300 pm.
15 8. A method for manufacturing a polishing pad,

comprising the step of using a mechanical foaming method to
prepare a foam-dispersed urethane composition containing, as
raw material components, active-hydrogen-containing compounds
comprising a polyol compound having two or more functional
20 groups and a monool compound having one functional group, and
an isocyanate component; the step of painting the
foam-dispersed urethane composition onto a planar member; the
step of setting the foam-dispersed urethane composition to form
a polishing layer comprising a thermoset polyurethane foam

25 having substantially spherical bubbles having an average bubble
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3. The polishing pad according to claim 1, wherein the 20 monool compound is contained in an
amount of 1 to 20 parts by weight for 100 parts by weight of the polyol compound(s). 4. The
polishing pad according to claim 1, wherein one or more polyol compounds (each) having 3 or 4
functional groups 25 and a hydroxyl group value of 100 to 1, 900 mg KOH / g are comprised in an
amount of 20 to 75 parts by weight for 100 parts by weight of the polyol compounds. 5. The
polishing pad according to claim 1, wherein the 5 isocyanate component is an aromatic isocyanate.
6. The polishing pad accordin% to claim 1, wherein the isocyanate component is a

carbodiimid@fiBaifigd aiptehiimethanE dikBeyaRaE M °f aA Rt paishing pad heedrdthg to claim

1, wherein t{]ae tQ%rmo et poly{lurggtpane fgﬁrln h\{é}]s susbstantially spherical bubbles having an average
bubble diaméter of 20 t6 300 pm. 158" A'method for manufacturing a polishing pad, comprising the
step of using a mechanical foaming method to prepare a foam-dispersed urethane composition
containing, as raw material components, active-hydrogen-containing compounds comprising a polyol
compound having two orxmaee fungtiepal 2Q graunsand amanal compoundhaving one functional
group, and an Isocyanate component; the step of painting the foam-dispersed urethane composition
onto a planacmemhernthe step ebsebk. Li-lgdhenfoars-disperseddyathane eemposition taform a
polishing layer comprising a thermoset polyurethane foam 25 having substantially spherical bubbles
having an averagephulibla diameteraaf20:to 30G:pnt anddhe step ef=adjusting the polishing layer into
a uniform thickness. 9. A method for manufacturing a semiconductor device, 5 comprising the
step of using the polishing pad rented in claim 1 to polish a surface of a semiconductor wafer.
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