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F-P07108TR(SG) SPECIFICATION POLISHING PAD AND
MANUFACTURING METHOD THEREOF TECHNICAL FIELD 5 The
invention relates to a polishing pad capable of performing plarfarizatidh 6ic)
materials requiring a high surface planarity such as optical materials
including a lens and a reflecting mirror, a silicon wafer, a glass substrate or
an aluminum substrates for a hard disc and a product of general metal
polishing with 10 stability and Smﬁmgﬁfﬁciency A polishing pad of
the ipyGpiGRinEY SIS BN £ERSIAING MHIBRSH Rl R Of 2
silicon water or a device on an oxide fayer or a metal layer has been
formed prior to further stacklng an oxide layer or a metal layer thereon. 15
%@ ﬁ fiif b Typical materials requiring surface flatness at high level
include a single- crystal silicon disk called a silicon wafer for producing
semicondtheonventioadelatss (oG polishingpadceapabletiaf silicon
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platen, while a workpiece such as a semiconductor wafer is stuck on a
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abrasive grains is continuously supplied to the polishing pad, to effect

pHIERRE eRoiscBER{grablx el anedsefnaoiabivyiin a planadigatienciep

Wi¥Gh dftidon wafer or a device on which an oxide layer or a metal

layer has been formed prior to further stacking an oxide layer or a

metal layer thereon.

BACKGROUND ART

Typical materials requiring surface flatness at high level
include a single-crystal silicon disk called a silicon wafer for
producing semiconductor integrated circuits (IC, LSI). The surface
of the silicon wafer should be flattened highly accurately in a
process of producing IC. LSI etc., in order to provide reliable
semiconductor connections for various coatings used in
manufacturing the circuits. In the step of polishing finish, a
polishing pad is generally stuck on a rotatable supporting disk
called a platen, while a workpiece such as a semiconductor wafer is
stuck on a polishing head. By movement of the two, a relative
speed is generated between the platen and the polishing head while
polishing slurry having abrasive grains is continuously supplied to
the polishing pad, to effect polishing processing.

As techniques manufacturing a polyurethane foam, which is
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F-PO7108TR(SG) a material of a polishing pad, methods have been known,
in one of which an organic solvent with a low boiling point such as fleon or
methylene chloride is added and dispersed into a foam formiritPraw 8 TR (SG)
composition to foam a polymer by gasification thereof due to 5 polymerization
heat and in the other of which water is added and dispersed into a foam
forming raw composition to foam a polymer with carbon dioxide generated
by tnatesiclorf of pelizhing padisovytinads dgrave Hezaniensivannéa byne of
MeARoLns metheds ave. Sl R bslouter i al an axeragtdiameter
of 186 gmnther%ln, T5there y‘ﬂavmg encounter&dta di |c11ﬂfy o%?almng a
fonethyttenmecrblorideuisifaddeatiimd\dispersediintg avfoholfofming raw
pQlyur oamgwith fi I rei following, meth haye been
KR b N T P A R SRR e
imolymslyizationcdpak/ard ihcthelwthersofivibiéchnuatepieduatdediaadl
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meth ich fine-cavity foams are dispersed into a polyurethane resin

foehlaguidhy the powien bitRitiofianaresanss 2liamietp et dQhym therein,
MHBALY FTHE IR e W Qiffictuly SbRaLALE UL A SAVRNT IS

required’and a treatment of the solvent containing a fine particle forming
niaerefinegrmaiferguiredlsyhich entails a high cost. An obtained foam
contains Ay ARG CeIS AIY AR SFILFOPHE AR AN RE TRIdILY

which imposes limitation on application. at’s worse, a 30 necessity arises

eveHsdheein. e fdlraring methady haahepgn known:

(1) a method in which solvent soluble fine particles are dispersed

into a polyurethane polymer, the polymer is molded into a
predetermined shape and thereafter, the molded intermediate is
immersed into a solvent in which the polyurethane polymer is not
dissolved but the fine particles are dissolved to thereby dissolve
and remove the fine particles and to form porous polyurethane
resin, that is a foam (Patent Literature 1), and

(2) a method in which fine-cavity foams are dispersed into a
polyurethane resin forming raw composition (Patent Literatures 2
and 3).

According to the method of Patent Literature 1, however, a
great quantity of a solvent is required and a treatment of the
solvent containing a fine particle forming material is further
required, which entails a high cost. An obtained foam contains
only open cells and cannot be used in application requiring rigidity,
which imposes limitation on application. What’s worse, a

necessity arises even for a step of elution and a step of evaporating
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2 F-PO7108TR(SG) a solvent, which has leads to a problem of calling for a
long time in fabrication of a molded product with a large thickness. On the
other hand, in the methods of Patent Literatures 2 and 3, Sinée fih@Cavit§C)
foams have a great tendency to float up in 5 a raw polyurethane reaction
liquid due to a difference in density, a difficulty is encountered manufacturing
a uniform foam, the fine-cavity foams are comparatively expensive and a
neaseiwkeott,tchiich-basitle fotsto ra paotd emt huef foalting dqradleoigtitoned jin
eiRsEissuliedsn roRlentS ldvine damads.18 Badgneytting 10 the
foam and the ke oreovell,’ the e Cavi y fOAIMS are easy to fly away,
which re@ur¢bhe gtbzirdosnih, insttlimgretiitids off Pedepib §.itevatiings 2
enviropment i Q ndiion. A polyureth es| mis loyed as a
p%ﬁs&r? [ n’gsf)ggguﬁse _#1%1“2%?{0%%)!#% ag ‘sx igo%r%u%slit:éég%%% gﬁt??az’c%gﬁl 9%15
sermiovmhlyterethdce medetivm hiqnidoduettnatiffedeneerin dehsitytca

hlﬁ?d)éﬁﬂgqg %B'Lsﬁmﬁ‘léiéj&m&;ﬁi}?gi‘igﬂiﬁﬂi "t§8) P@ﬁX with a
progress toward a higher compactness in formed circuitry, and a hardness or
tﬁ”mmuiasp&smqmdcmy&tmw\@mfigg@méaeq@tea?lmﬁe
AERRRA L0k AV BEM ORGSR BARIC IS Q5P LIS B SRR e'fle.%;{
polishing slurry tsed In polishing. For example, a ceria-based slurry is‘larger
irhpaimgcresinttedinnproblsnes obgiving damagmteo eblagadme gutting

Cera-RaskIN bhis RIRP!OYRRb ASoRoP!IBhE Sitlur BavifG Fei LaPOIS{iG%o
pad with a higher hardness than in a case where a 25 Slica-based slurry. As

aflicnryorehivhgesuinen R gtsat nostindnatalling fecilitiesairn
g2 fpaminagnaiberb hashesh dgined shaidiglyurethane foam

having uniform, fine cells and with a higher hardness than a{Jonurethane
foam Witﬁmglyé}f@théﬁgty’esin foam is employed as a polishing pad

used in fabrication of a silicon substrate for manufacturing a
semiconductor device or the like and fabrication of an electronic
substrate. A high precision polishing is demanded to a polishing
pad in company with a progress toward a higher compactness in
formed circuitry, and a hardness or the like of a polishing pad (a
polyurethane foam) is requested so as to be adapted for a kind and
particle diameters of particles contained in a polishing slurry used
in polishing. For example, a ceria-based slurry is larger in particle
diameter than a silica-based slurry and in a case where a
ceria-based slurry is employed as a polishng slurry, it requires a
polishing pad with a higher hardness than in a case where a
slica-based slurry.

As a method of solving the problems, a production method,
or a so-called mechanical foaming method, has been disclosed of a
polyurethane foam having uniform, fine cells and with a higher
hardness than a polyurethane foam with the same density,

produced without using a foreign material such as a chemically
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30 produced without using a foreign material such as a chemically 3
F-PO7108TR(SG) reactive foaming agent including water, a gasification
expansible foaming agent including fleon, fine-cavity foam&; 8 S6MNEHER (SG)
soluble material or the like (Patent Literature 4). As a chain extender,
4,4'-methylenebis(o-chloroaniline)(MOCA) is preferably used from 5 the
viewpoint of a reactivity and a physical property and the like of an obtained
poéactitha fieaoamg ldgent dnchus bes evatercd\ifaSifids tiesde mpambibla has
agisen that a cell diameter in g pol thane .resin foam is larger and to
PSR SR R AR RS R £ B LRl
polasteript lvar dbe lidtie {Pabeid Jdtiehatyohdiactdistioshelia eaiteidgpad,

0 [ Jtis requested.th j object | lleng |
PR S S e MOCRT S PSR I Pom,
athie rvisapoimtf ofstyesfctivitiyraaidobjpiysindlcpropertytian dstinecl Hsecof
Wj lishipa.l igher ingelastic 15 palishi be
S O R B R R
thieraedhapgohleimghasdasasienyithahe geth/dismetercinticpalyprstbaate
hﬁés?ﬁ%é)ﬁﬁe{éqaqf%fép%’ﬁ‘E@sg%rk}ﬂﬁ%érﬁ‘@&ua‘ﬂ%q{gq}?@ﬁé%&&?&!@r,
(Patent Literatures 5 to 8). The 20 polyurethane resin foam is produced by
rexentingnanorguanse nflunaceignpelishingclrraetenisticsgent) and
as ChamA%gfméﬁ%né,%‘r{p@a@i@a&a@éoé@u%aﬁyﬂ@ﬁggﬁr&: "G dcSeier
to as MOCA) is preferably employed from the viewpoint of a’ reactivity and a
phasidalipispreguesteddhrs af pelishah obizshis erasiaatdanplanasity

MAG AL YIRS G RSINRI 1R85 iﬁiﬁﬂ?%fsﬂé%‘ﬁei\éefaf’é@ has ARMRE)

in an environmental aspect: generation of a harmful material such as dioxin
ir8djgsplanepgiformityiof a polished object can be improved to

some extent with a polishing layer higher in elastic modulus. A
polishing speed can be bettered by increasing a holding quantity of
a slurry on a foam with cells therein.

As a polishing pad satisfying the above characteristics, a
proposal has been offered of a polishing pad made from a
polyurethane resin foam (Patent Literatures 5 to 8). The
polyurethane resin foam is produced by reacting an isocyanate
polymer with a chain extender (a curing agent) and as chain
extenders, 4,4’-methylenebis(o-chloroaniline)(hereinafter, referred
to as MOCA) is preferably employed from the viewpoint of a
reactivity and a physical property and the like of an obtained
polyurethane foam.

Since MOCA contains chlorine in a molecule thereof,
however, and has a demerit in an environmental aspect: generation
of a harmful material such as dioxin in disposal as waste, there is a
possibility that usage is limited or prohibited in the future. Hence,

a desire has been built up for development of a polishing pad
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possibility that usage is limited or prohibited in the future. Hence, 30 a desire
has been built up for development of a polishing pad 4 F-P07108TR(SG)
containing no halogen. As a high-molecular polyol compong&nf8f/aR8TR (5G)
isocyanate prepolymer, polyether (polytetramethylene glycol with a
number-average molecular weight in the range of from 500 to 5 1600) or a
polycarbonate is preferably employed from the viewpoint of hydrolysis
resisteaicdnglastihabageateristic, abrasion resistance and the like. After

planarization Qf . man semiconductor wafers using .one polishing pad, fine
Cepressis bR S PO OP CORBUHI bRE ROCUREE.
apeepotypuieng polyetitoipnlyéctrmmathyteizegly colishitly agent (a

slurry) ont lishj rface iC tor w C in
pfg%%agr?zegﬁ%ﬁesgpggé%d}%%@agvﬂa ér‘%%%%?r% s%@?a%%gﬁdiﬁggé ,%Z%?aéd ation in
pk6R@) aton phliraerhonit € ke prieferabily gpaployeddraimathe

p [pe A ' or f e of
A SR s Sl Aot R,
ar@sistance preddibenliked time of dressing generates numberless fine

depressigedy ghpIASIRNS0r sy BFeAbtS AalaB DaRaLdliGe

surface of the pad is 20 transformed into a fluffy state. A conventiona
pehshprlishdngpad.cfing d eptessienscand ot trsionsgom acsusfane iaf
d£ﬁ§§&§iﬂ€§gﬁﬁﬁsﬁl%%i§a §§é€ﬁl¥t§ﬂg%‘ﬂ%@r&ﬁ‘6?} hjterature 1:
JP 2-91279 A 25 Patent Literature Z: JPN 8-500622 A Patent Literature 3:
Jpexfornmnmas 1o\ feadah polishing aggptiacgysyy) onto a polishing

surface of a semiconductor wafer, decrease in planarization speed
on a wafer polishing surface and besides, degradation in
planarization characteristic. Therefore, after planarization of a
predetermined number of semiconductor wafers are effected, the
surface of the polishing pad is necessary to be renewed and
roughened (dressing) with a dresser. A predetermined time of
dressing generates numberless fine depressions and protrusions on
the surface of the polishing pad and the surface of the pad is
transformed into a fluffy state.

A conventional polishing pad, however, has had a problem
that a dressing speed is low in dressing and a dressing time is
excessively consumed.

Patent Literature 1: JP 2-91279 A

Patent Literature 2: JPN 8-500622 A

Patent Literature 3: JP 2000-343412 A

Patent Literature 4: JP 3490431

Patent Literature 5: JP 3013105

Patent Literature 6: JP 3516874

Patent Literature 7: JP 2000-17252 A
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Patent Literature 5: JP 3013105 Patent Literature 6: JP 3516874 30 Patent
Literature 7: JP 2000-17252 A 5 F-P07108TR(SG) Patent Literature 8: JP
3359629 PROBLEMS THE INVENTION TO SEEK TO SOEVEA{is%8A Bbféot
of a first invention to provide a 5 manufacturing method of a polishing pad
made from a polyurethane resin foam having very uniform, fine cells therein
and a polishing pad obtained by means of the manufacturing method. It is an
object of Batomt] Bite thatnairen 82 RIB 83089629 de a polishing pad more
excellent in polishing characteristics 10 (especially, a planarization
characterization) than a conventional polishing pad and having no halogen
tRROBLEMS THEUINMBENDION (ROISEEE IOt SOLVEbject of a fourth

inventionyjo,proyide A ROl T EACTMIRS A1 Sa57AIY while a
planarization charatteristic and a polishing speed of a conventional polishing
1spaafactuiringne: thadaofohpolishing i pashtiornde fremide a fabrication

. e . <h NS
b L G S R g S A L R e
ondust sopodisbing pasblebtained dycmeamns eif theemanufaetpridgems can
b aeiysd. Vi Insiolying RYSOVah Badls PR PR IWNRTWEIL PRI de

thereof, which has leadto completion of the invention. The first invention

rélnetishing afkaoermhgrrellentom polighingich ararteristicg a step (1)
Of BB L FIIRAMEIESAVHAIAY AHEE GRS D BaicrRraRANMer
into a sepond component containing a chain extender for curing to produce a
pbAisking padsandhavingrarhatogen thereinsiapdramanyfacturing
method thereof. It is an object of a fourth invention to provide a
polishing pad improved on dressability while a planarization
characteristic and a polishing speed of a conventional polishing
pad is maintained. It is an object of the invention to provide a

fabrication method of a semiconductor device using any of the

polishing pads.

MEANS TO SOLVE PROBLEMS

The inventors have conducted serious studies in order to
solve the problems with a resultant discovery that the problems
can be solved with the following polishing pads and manufacturing
methods thereof, which has lead to completion of the invention.

The first invention relates to a manufacturing method of a
polishing pad including a step (1) of mixing a first component
containing an isocyanate-terminated prepolymer into a second
component containing a chain extender for curing to produce a
polyurethane resin foam, wherein the step (1) is a step of adding a
silicone-based surfactant into the first component so as to be in

the range of 0.05 to 10 wt % in a polyurethane resin foam,
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silicone-based surfactant into the first component so as to be in 30 the range
of 0.05 to 10 wt % in a polyurethane resin foam, 6 F-PO7108TR(SG)
agitating the first component together with a non-reactive gasite ’tHeréBySG)
prepare a cell dispersion liquid in which the non-reactive gas is dispersed as
fine cells and thereafter mixing the second component into the cell
dispersion liquid for curing to thereby 5 produce a polyurethane resin foam,
aagditdting thefixst evdanpendéa titagethairowitly amonvrth ctivelgag point
o058y Rt veceading o, bie maniachindmeliogl Rposabls o,
obtain a%&yu?gtfwane fesin foanm avmgqa very uniform, tine cell “structure.
184Bhis idispross éasfimendelatandothexthftes nedmifgathehseaanthe cells
small in fluctuatiQn in diameater. therein. i ai b i nar IC
R e R R S L R G T
cpnodugenaliyoiyvirethbase wesih ot sfokbmdeiio rgbainrextémder

inferred.i lQwing 15 way:.A melti int of. MOCA 15,40 OCA
R R A A P e T R
cell dispArstondingot tlsgmaw&na m_niﬂmsltm%iefnloss:ihiertm th_e
"G 8D GI e HRAE R SINCRANTRIGNEE N IERPRAIF 0ﬁh'¥' Q& In
a molten state’is large, cells in the cell 20 dispersion liquid are locally broken
wthéafﬂm_integrat(_ad and expandec_l. Itis thought_, as a res_ult, th_at
fluctuatiopg gl AliarastaiACr il it 20 2505Mplis AUNAY G BoAm
melting point of 70C or lower as a chain extender employed, a difference in
ihraping fiagrenllhsmalldnlngsnation iadirmederfhaneipisenabling
fgpatiuessy A m@&&gﬁé%@fféﬁﬂ%m@%@ﬂﬁggﬁm{%aﬂc
polyamine is preferably 60C or lower and especially preferably 40C or lower.
70°C or lower instead of MOCA conventionally having been used

with preference. The reason therefor is inferred in the following
way: A melting point of MOCA is 106°C and MOCA is mixed into a
cell dispersion liquid in a molten state (at about 120°C). The cell
dispersion liquid is usually adjusted at a temperature of the order
in the range of 60 to 80°C, wherein since a difference in
temperature from MOCA in a molten state is large, cells in the cell
dispersion liquid are locally broken by heat and integrated and
expanded. It is thought, as a result, that fluctuations in cell
diameter occur. With an aromatic polyamine with a melting point
of 70°C or lower as a chain extender employed, a difference in
temperature from the cell dispersion liquid can be less, thereby
enabling fluctuations in cell diameter to be suppressed. A melting
point of an aromatic polyamine is preferably 60°C or lower and
especially preferably 40°C or lower.

In the first invention, an aromatic polyamine, from the
viewpoint of a reactivity and a physical property of an obtained

polyurethane resin foam, is preferably at least one kind selected
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In the first invention, an aromatic polyamine, from the viewpoint of a
reactivity and a physical property of an obtained 30 polyurethane resin foam,
is preferably at least one kind selected 7 F-P0O7108TR(SGY frémlthegrobp)
consisting of 3,5-bis(methylthio)-2,4-toluenediamine,
3,5-bis(methylthio)-2,6-toluenediamine, 3,5-diethyl-2,4- toluenediamine,
3,5-diethyl-2,6-toluenediamine, 5
I\Wrﬂiﬂm:gmwﬂw:ﬁhmingdqihenylmethane

3 e Ime ane mxnyIenedlamlne
V\P’;\Fd&l l&%tﬁﬁ en%iygr%?ne m-p énylenedlamlne
p&ﬁ;beﬂedwhhyiéhwﬁ%@dlqhi@ledmmmﬁadmﬂbdrﬂﬁ&te expressed

fo ngral LO-((CH2)mO)__ CI\/
}I@f? é]%g Hﬂw‘%g;e% %nalgeaq# ﬁtegergroﬂrlne é% %13 n is an integer from 1 to
ZU,Ni theﬁnstbmwiﬁﬁ)ﬁﬁdl@n‘emsbamtmybnﬂhmsu|cone based surfactant

[ e,he frgm %, nd
przr;g?éor%lg ﬁ% ?an%ieg‘rl?%r[g é%g%%e?%%g %1 cont %ﬁ%‘%‘}s‘? Icon {?1 jased
sUnﬂb@hﬁ@l@wﬁaﬁr@gswen@dummeeremﬂea@dﬁamﬂ,foam
ng% R [ f
sgrfactarﬁne%t(i:%;ﬁdﬁsg‘ld vgvltila/‘:a ygi 3 ﬁ@(ﬁr&%lg%?lgg;hg B%%ﬁ?g %ane 20 resm
fexnIgides mgﬁharﬁfﬂégyislgcgmaﬂie@b}lulpl&éirclzatlon effect of the
surfactant. In the firgt invention, the i%)qyan -terminated prepolymer

as a raw material
NH, (1)

Q
o
=
O
@
|
o
6
I
o
3
9
>
o

, wherein m is an integer from 2 to 4 and n is an integer from 1 to
20.

In the first invention, it is necessary to contain a
silicone-based surfactant in a polyurethane resin foam in the range
of from 0.05 to 10 wt % and preferably in the range of from 0.5 to
5 wt %. If a content of a silicone-based surfactant is less than
0.05 wt %, it is unpreferable since a fine cell foam cannot be
obtained. On the other hand, if a content of a silicone-based
surfactant exceeds 10 wt %, it is unpreferable since a polyurethane
resin foam with a high hardness is not obtained by a plasticization
effect of the surfactant.

In the first invention, the isocyanate-terminated prepolymer
preferably contains a low-molecular-weight polyol as a raw material
component.

In the first invention, an isocyanate component, which is a
raw material component of the isocyanate-terminated prepolymer,
is preferably an aromatic diisocyanate and an alicyclic diisocyanate.

It is preferable that an aromatic diisocyanate is toluene

8
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25 In the first invention, an isocyanate component, which is a raw material
component of the isocyanate-terminated prepolymer, is preferably an
aromatic diisocyanate and an alicyclic diisocyanate. It is pfeféfablé tHat (&)
aromatic diisocyanate is toluene 8 F-P07108TR(SG) diisocyanate and that
an alicyclic diisocyanate is dicyclohexylmethane diisocyanate. The use of the
diisocyanate is preferable not only in terms of operability but also moldability
ofléispolyanstteaaa dethatoam aivycticediisonypeatevigh a chain 5 extender

can be cqntrolled in,a preferable rangg. Tha.first inventjon relates to a .
AR SRR BRI [ RHCLST IR 'SR A e i
reineferabdepnishargyanl hering ef pgistahility druhadsoimmldirlityetfame
r?‘)%é‘ fnfi’%‘é’@h‘é"ﬂs el "fo%QrPé’i}é‘é%et{‘%QSc{ﬁ%'ﬂ L‘jfe”é&%%{%agtb ghred
product between an’isocyanate-terminated prepdlymer containing an
isxtemder comberamtnelledighaniefetableaighgpolyol and an chain

tond LT : ) .
caduct i ST R SHSE R A R SRl AR e
pbﬂﬁnmgaﬂfﬁrequihﬂmslresorcin, p-xylylene glycol and bisphenol A. The
inventorsfiave Ja4RY q}ﬂ;&'@?&?ﬂ?&&%& Ry '§Wi§ﬁ%miﬁvﬁ§xﬁﬂ§a

lona g pad

planarization characteristic as compared with a conven polishi

bpelishing kyermadedeqma pelyarothang aesiprépymn svbgueiprtie
oA B eHRINRM AP e £IRTIE % (Pe At EAMAIC 6 Yrb P P RAIACVY at

least’one kind of an aromatic diol selected from the group consisting of
higpeyarttetezninate d-rysRalEBict SR PRt iAcLyandtsn

RPN U1 EANCL Wi ot Bl PSR 'DUTPEP AnE Ry ATIAte
ngr;]t%%r:ieer:[ containing an ethylene oxide adduct and/or a propylene
oxide adduct with at least one kind of an aromatic diol selected
from the group consisting of hydroquinone, resorcin, p-xylylene

glycol and bisphenol A.

The inventors have found that a halogen free polishing pad
improved on a planarization characteristic as compared with a
conventional polishing pad by using an ethylene oxide (EO) adduct
and/or a propylene oxide (PO) adduct (hereinafter also referred to
as aromatic diol EO/PO adduct) with at least one kind of an
aromatic diol selected from the group consisting of hydroquinone,
resorcin, p-xylylene glycol and bisphenol A as a chain extender
instead of MOCA.

In the second invention, the isocyanate component
constituting an isocyanate-terminated prepolymer preferably
contains an aromatic isocyanate at a content of 90 mol % or more.
The aromatic isocyanate is preferably diphenylmethane
diisocyanate.

In the second invention, the high-molecular-weight polyol

S
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constituting an isocyanate-terminated prepolymer preferably contains an
aromatic isocyanate at a content of 90 mol % or more. The aromatic
isocyanate is preferably diphenylmethane diisocyanate. 30" P thel §ECHIFC)
invention, the high-molecular-weight polyol 9 F-P07108TR(SG) constituting
an isocyanate-terminated prepolymer is preferably polytetramethylene ether
glycol with a number-average molecular weight in the range of from 500 to
1e06fistilta ttng\amdsotyanatecte prejpopert preyiolgiohe cdstpreferably

Iow cular- oI I as araw m rial component. Since, with a

pPepgé)/r%er usé“(i'y9 re%c Stion séega %tﬁ roma er'lo‘fegégﬁdh Vg itsiad

wieighe drcithie &xt@adef &ambsowpwstb'iﬂﬂ a preferable range, the use of

the prepglymeLis. E‘Jié‘*%'ee AR rl'Xd” & n%‘ 89 eé%Q WA &ac%%{mm the
sin

10 viewpolint of maldability of a polyure hlng pa
ummelspmmhpislvgp@@aIyaax(mtémrnleﬁempbnmptovement on

a planarlgﬂ.l eﬁéﬁf’% gﬁg gIQLE(QA t‘*;ia{es[grably

an adduct o télne to an arom tlc |oI in the range
18romatiq diol ;Fé’rnmﬁoadﬂmtammm:aial chadrsezienden mam belates

o 3Gy PReRao 9 A0 BN GRAr OEL g ISR Of mixing 2

first component ‘containing an iISocyanate-terminated prepolymer into a

sprefrrabimpeotcrnboinatisine s efi gpeariilitar Rurtcalasyfromerhpy 20
PEREG o PR O UEIaRGIRAS L PR PRSI ADR SIE AL TdS /A STeR BbIREHInG

a silicone-based surfactant’into the first component containing an

iprgrinsidhaispreificcprisrakisespesigiyrxegHgabinaffert»fh 10
Wit s dea R athe pia el i0a8h enialipekiStiiEst component together

Wlth a non-reactive gas to
The aromatic diol EO/PO adduct is preferably an adduct

obtained by adding EO and/or PO to an aromatic diol in the range
of 2 to 4 mol per 1 mol of the aromatic diol.

The second invention relates to a manufacturing method of
a polishing pad including a step (1) of mixing a first component
containing an isocyanate-terminated prepolymer into a second
component containing a chain extender for curing to thereby
produce a polyurethane resin foam, wherein the step (1) is a step of
adding a silicone-based surfactant into the first component
containing an isocyanate-terminated prepolymer so as to be in the
range of from 0.05 to 10 wt % in the polyurethane resin foam,
agitating the first component together with a non-reactive gas to
thereby prepare a cell dispersion liquid in which the non-reactive
gas is dispersed as fine cells and thereafter mixing the second
component containing a chain extender into the cell dispersion
liquid for curing to produce a polyurethane resin foam, and the
chain extender is an chain extender containing an ethylene oxide

adduct and/or a propylene oxide adduct with at least one kind of
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25 thereby prepare a cell dispersion liquid in which the non-reactive gas is
dispersed as fine cells and thereafter mixing the second component
containing a chain extender into the cell dispersion liquid fér€Gring ¢dR (5G)
produce a polyurethane resin foam, and the chain extender is an chain
extender containing an ethylene oxide 30 adduct and/or a propylene oxide
adduct with at least one kind of 10 F-PO7108TR(SG) an aromatic diol

seie cteonfratict idéalrsele cbediftom dilie grompnoomsistimgiof p-xylylene
ajycal and.bisphenal A. According to the manufacturing method it is possible
e R A R SR g A, € e cel
structureAeleondingwlithie grpmufaicinting ohetledd rid iscposkilie itanore
CApEen VR A BRI SR e RITRR G oTeene!

po |sﬁ|ng pad.in the man acturing metﬁod, an isocyanate component
climsticeil gtruclmenaternemirapalishipg\padr psing dig polyorethane
SFRNAFERCIE A B\ BRNIERE Sh MR MBI Cha MU as
isocyanate Is preferably diphenylmethane diisocyanate. In the manufacturing
nestmppretligrithsleconvendiginabpiglisbingtinathg an
'socyanafﬁ-lq{mm&qqfar&q%ﬂ%ema&ﬁ,aze{srm&m%mﬂ; faq ether

glycol with a number-average molecular weight in the range of from 500 to
1600 stitwtingspufisecyag atettesminated prepelrmenneefenatyylymer

PEJAERRhS GO B W TERLSAHIAR SO RANALAS G SBMRIRAELBE more.

component. 20 In the manufacturing method, an aromatic diol EO/PO adduct
ifdharematihispryrnate dmprefsmhlny dighenyimathaag diol in the
rfseliagte. to 4 mol per 1 mol of the aromatic diol.

In the manufacturing method, a high-molecular-weight
polyol constituting an isocyanate-terminated prepolymer is
preferably polytetramethylene ether glycol with a number-average
molecular weight in the range of from 500 to 1500.

In the manufacturing method, an isocyanate-terminated
prepolymer preferably contains a low-molecular-weight polyol as a
raw material component.

In the manufacturing method, an aromatic diol EO/PO
adduct is an adduct obtained by adding EO and/or PO to an
aromatic diol in the range of from 2 to 4 mol per 1 mol of the
aromatic diol.

A silicone-based surfactant is necessary to be added into a
polyurethane resin foam in the range of from 0.05 to 10 wt % and
preferably in the range of 0.5 to 10 wt %. If a content of a
silicone-based surfactant is less than 0.05 wt %, a tendency arises
that a fine cell foam is not obtained. On the other hand, if a
content thereof exceeds 10 wt %, the number of cells in a foam is

excessively large, leading to a tendency of obtaining a highly hard
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15

A silicone-based surfactant is necessary to be added into a 25 polyurethane
resin foam in the range of from 0.05 to 10 wt % and preferably in the range
of 0.5 to 10 wt %. If a content of a silicone-based surfactant is”le$stRAR 0505
wt %, a tendency arises that a fine cell foam is not obtained. On the other
hand, if a content thereof exceeds 10 wt %, the number of cells in a foam is
30 excessively large, leading to a tendency of obtaining a highly hard 11

Fplely d. 0StHA (R Ce piol Vioathanit hedifficanttyvith difficulty. The third invention
relates torg, PG RACIRVNG g POLBIOIBYELTALS Tom A polyrethane
resin foam, wherein the po yureﬁ1ane resin foam I1s age%c lon-cured product
bpolisding Bpdpmtdefidm s paljoivetyaneteesimfoated plepotymehend
a i nder cantainin le ind.of a halo fre I ic
pSTAL SRS CANITIN S £ AN0cE DIRHER I Ae N
felliplvagigcamdd|doatidyeliR) ispeyarate-z{ R imt &l piepalymenarnid i

t I rul [ an alkyl
Chif e sokahif el Ok PRI Wb TSR SRS T,
\ Angzatdy rREine whteetedfiteny dhergrtnmcionsistugeRzompounds

i'@&ﬁ%’é@@ﬁt'g%%gfﬁﬁo%ﬁﬁs EUral A GIQURZ)RE G, to 4 carbon

atoms, and
R1

NH,

NH,

, Wherein in the general formula (2), R! to R3, each independently
of the others, an alkyl group having 1 to 3 carbon atoms or a

methylthio group,

R* R®
RS R?

, wherein in the general formula (3), R* to R7, each independently

of the others, H or an alkyl group having 1 to 4 carbon atoms, and

I I

, wherein m is an integer from 2 to 4 and n is an integer from 1 to
20.

The inventors has found that a halogen free aromatic amine
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H2N /\ CI-O-((CH2)mO)n CI \ / NH2 (4) , wherein m is an integer from 2 to 4
and n is an integer from 1 to 20. The inventors has found that a halogen free
aromatic amine 12 F-P0O7108TR(SG) expressed the geneFalformbfaR(D%o
(4) is used instead of MOCA, and an isocyanate-terminated prepolymer
having an aliphatic and/or an alicyclic isocyanate as a raw material is used to
thereby obtain a halogen free polishing pad with an improved planarization 5
chapaetssediche gemeeak floxtindaco(R)etni¢hpio osidnnstea d oM O0A,
invention.. halogen free aromatic amines_expressed by the general formula
O T e A R R PSR N SRR
3andibtinya? slickdie dimojrmnalchasis{ mathyithieriyl iv used tiartihesebyl
1 -pis(methylthiq)-2.6-tal jamine..Halogen fre ic_ami
Sotant 3 el e MR YA St S oL s S
difrreradtesistive asiebniiparied-®idhdie toneesitioneihplisiking mathane,
4,4'-diaming-43,3, ' ayldi e . .

2 4-cianB B SVEEE MR a0 rbinatic amines
Aexpiiessed By3tBs generadfeapyidpighprecpaferablyogen free aromatic

aﬁl@ﬁﬁ&iﬁ’gf%@@[&@%&&&%ﬁ?@ %&f@tﬁ%ﬂ[@f‘i@@éﬂﬂﬁlﬁ'ﬁﬁﬁé‘?

glycol-di-p-aminobenzoate and polyteframethytene

oﬁk%hiﬁmﬁhﬁbbhbaﬁ-wkmsdéym aoshponent constituting the
R 2 e e PRI, TN e promee
camingsrrpressipihy theogsnaralcferaytiafHiane mrefarablvepolymer is
p@@[ﬁ@%@ﬁmyﬂmﬂgymegther glycol with a number-average
m4°,§£32?mino-3,3’-diethy1—5,5’-dimethyldiphenylmethane,
4,4’-diamino-3,3’,5,5’-tetraethyldiphenylmethane,
4,4’-diamino-3,3’-diisopropyl-5,5’-dimethyldiphenylmethane and
4,4’-diamino-3,3’,5,5’-tetraisopropyldiphenylmethane. Halogen
free aromatic amines expressed by the general formula (4) are
preferably trimethylene glycol-di-p-aminobenzoate and
polytetramethylene oxide-di-p-aminobenzoate.

An isocyanate component constituting the alicyclic
isocyanate-terminated prepolymer is preferably
4,4’-dicyclohexylmethane diisocyanate.

A high-molecular-weight polyol constituting the aliphatic
and/or alicyclic isocyanate-terminated prepolymer is preferably
polytetramethylene ether glycol with a number-average molecular
weight in the range of from 500 to 1500.

The aliphatic and/or alicyclic isocyanate-terminated
prepolymer preferably contains a low-molecular-weight polyol as a

raw material component.

Since, with a prepolymer described above used, a reaction
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weight in the range of from 500 to 1500. The aliphatic and/or alicyclic
isocyanate-terminated prepolymer preferably contains a
low-molecular-weight polyol as a raw material component.F3¢° Sinces TtF a)
prepolymer described above used, a reaction 13 F-PO7108TR(SG) speed
with a chain extender can be controlled in a preferable range, the use of the
prepolymer is preferable not only in terms of operability but also from the
vigveed nwitihnzochadoiitye st en dety caatiize e satrolbedni n\gp prsifierg hlzdrasige,
the specific. 5.material is especiall cellent in gffect of improvemegnt on a
oA S R B AR R EBHR R R G RIS RET T
negikoabality it lailsy fadnn theiview peintloHmidabidifyso€E@amponent

Cg%ﬁgﬂ&i’l‘lﬁ& 'éofé’saiﬁa%'tﬁ{mi%ﬁ&%rﬁﬁ?%’gae& E‘é?n%st udddgamponent
cont Ining a &am exten(?er fOI‘ curing to P ucea p yuret ne resin foam,
winavtsinidldsespedially stapellenitiin effetic ofidibpsoveménttan mto the

Ii}iﬁta%%mg?%g n%q_g{.g%@gri'@&gyanate-terminated prepolymer so as to be in

e range o to 10 wt % in the polyurethane resin foam, agitating

the first TBheobhioddmviention imelatesitm aaneaivefgeturingrapthodmefaa
CB%HL%PS{%L?,QH%&%Q QI%F?ﬂrﬁf‘?ﬂ&iﬂgsa‘_frﬂﬁp%‘}ﬁ%éﬁeﬁ'%e cells

and thereatter mixing the Second component containing a chain extender
imenheigéna iepeimyﬁqautﬁféptmingtedp mmmemars@mﬂ foam,
28 SRR NAOGH A BHTHR A h 2thPLRPONARS 5 B IRBAS pRskigicRligyclic
isocyanate-terminated prepolymer and the chain extender is’an chain
eRelydeethangnregindeam, ovbessinothenstspetd e s @f addiang a

Selfd6H dIBIL A PP EASI A A CATR LD SR EE Fh eXilim fellowing
general formulae (2) to (4):
isocyanate-terminated prepolymer so as to be in the range of from

0.05 to 10 wt % in the polyurethane resin foam, agitating the first
component together with a non-reactive gas to thereby prepare a
cell dispersion liquid in which the non-reactive gas is dispersed as
fine cells and thereafter mixing the second component containing
a chain extender into the cell dispersion liquid for curing to
produce a polyurethane resin foam, and the isocyanate-terminated
prepolymer is an aliphatic and/or alicyclic isocyanate-terminated
prepolymer and the chain extender is an chain extender containing
at least one kind of a halogen free aromatic amine selected from
the group consisting of compounds expressed by the following

general formulae (2) to (4):
R1

NH,

R? R3

NH,
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Ri NHZ (2) Rz Rs 25 NH2 14 F-P07108TR(SG) wherein in the general
formula (2), R1 to R3, each independently of the others, an alkyl group
having 1 to 3 carbon atoms or a methylthio group, R4 R6 HZN Y CHR ()
N H, (3) R5R75, wherein in the general formula (3), R4 to R7, each
independently of the others, H or an alkyl group having 1 to 4 carbon atoms,
and 0 0 H2N CI-O-((CH2)mO)n CI\/ NH2 (4) , wherein m is an integer from
2,twhexedmis &hengegerabfodmml2 (2,0 cvo B eerctnémiepaiadtaniiy
method, it is possible btain a highly har lyurethane,resin foam with a
B SRAR R ERNE AN T SRR Secg b
poledhyltinio grempgoam is more excellent in planarization characteristic as
compargﬂ with a conventional poliﬁhing pad. 15 In the manufacturing
method, Yialogen free aromatic armines expressed by the general formula (2)

-bi%Hmethylthio)-(g34-toluenediamine and
ine. Halogen free aromatic 20 amines
(3) are preferably 4,4'-diamino

R7
, wherein in the general formula (3), R* to R7, each independently
of the others, H or an alkyl group having 1 to 4 carbon atoms, and
0
|

0
|

HoN C—O—((CHy)n0);—C NH, (4)

, wherein m is an integer from 2 to 4 and n is an integer from 1 to
20.

According to the manufacturing method, it is possible to
obtain a highly hard polyurethane resin foam with a very uniform,
fine cell structure. Hence, a polishing pad using the polyurethane
resin foam is more excellent in planarization characteristic as
compared with a conventional polishing pad.

In the manufacturing method, halogen free aromatic amines
expressed by the general formula (2) are preferably
3,5-diethyl-2,4-toluenediamine, 3,5-diethyl-2,6-toluenediamine,
3,5-bis(methylthio)-2,4-toluenediamine and
3,5-bis(methylthio)-2,6-toluenediamine. Halogen free aromatic
amines expressed by the general formula (3) are preferably
4,4’-diaminodiphenylmethane,
4,4’-diamino-3,3’-diethyl-5,5’-dimethyldiphenylmethane,
4,4’-diamino-3,3’,5,5’-tetraethyldiphenylmethane,
4,4’-diamino-3,3’-diisopropyl-5,5’-dimethyldiphenylmethane and
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4,4'-diamino-3,3'-diethyl-5,5'-dimethyldiphenylmethane, 4,4'-diamino-3,3', 5,
5'-tetraethyldiphenylmethane,
4,4'-diamino-3,3'-diisopropyl-5,5'-dimethyldiphenylmethanefarid 1508 TR (5G)
F-PO7108TR(SG) 4,4'-diamino-3,3',5,5'-tetraisopropyldiphenylmethane.
Halogen free aromatic amines expressed by the general formula (4) are
preferably trimethylene glycol-di-p-aminobenzoate and polytetramethylene
ofide-diqmaimmdy 81 5o alet X taiswpnupyiidigihemy Inethbdnan iddalogete

{ tit t licycli te-t ted
T A e R MR BRI e
npstéfedablyidirimelthylene glywobdli/phsonistivbemzaateliphdtic and/or
ﬁ?‘ Q%ér%#%%fiésvgé‘he 3 ’II‘”a{F MHPQ?RP '%Shzs oRglerably

trame er glycol with a number-average molecular weight in
the rangérmthgmmfaqiﬁmnnm mhetinodfactisoayanstbe ¢ canpoiphatc

399494 Ecuﬁg A?P tqggg}g[gqt%r %91@411?4&@ JE@B S§| é@'?%a 15

low-mo WEIg as a raw materi compon licone-based

shriefarably ﬂe&ésbauplobe?admtmg ditsperamate resin foam so as to
be contajpeg mmﬂ‘émﬁf nPeQﬁJQ 9 W{%{P G QLGTRIARN P e

range of from 0.5 to 10 wt %. a content’of a sllicone-based surfattant is
|relyedrconstituting am@lrinméyaaaéd araaldyelieell foam is not

ORlgth 4180 AR A" h 815G I aRL RYEpeds 10 wt %, a

tendency arises that difficulty is encountered obtaining a highly hard

pbBAYe ke ethyleng mther gluqabsvitha anareer-sveragermelaquiare
stieepRttas el SYHAEKR B B R Y88/ ¥ d11BBGange of 25 from 1000 to 6000

in weight-average molecular weight and Joreferably contains a silicone resin
with a rafiB §hetmaspefacturing method, an aliphatic and/or alicyclic

isocyanate-terminated prepolymer preferably contains a
low-molecular-weight polyol as a raw material component.

A silicone-based surfactant is necessary to be added into a
polyurethane resin foam so as to be contained in the range of from
0.05 to 10 wt % and preferably in the range of from 0.5 to 10 wt %.
If a content of a silicone-based surfactant is less than 0.05 wt %, a
tendency arises that a fine cell foam is not obtained. On the other
hand, if a content thereof exceeds 10 wt %, a tendency arises that
difficulty is encountered obtaining a highly hard polyurethane
resin foam due to a plasticization effect of the surfactant.

The silicone-based surfactant is preferably in the range of
from 1000 to 6000 in weight-average molecular weight and
preferably contains a silicone resin with a ratio of ethylene
oxide/propylene oxide in a molecule thereof (molar ratio) is in the
range of from 70/30 to 100/0. The silicone resin preferably has a
hydroxyl group at the terminal end of a side chain of a siloxane

skeleton. The use of a silicone-based surfactant containing the
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oxide/propylene oxide in a molecule thereof (molar ratio) is in the range of
from 70/30 to 100/0. The silicone resin preferably has a hydroxyl group at
the terminal end of a side chain of a siloxane 30 skeleton. Th& UG R (56)
silicone-based surfactant containing the 16 F-P07108TR(SG) silicone resin
enables a polyurethane resin foam having a more uniform, fine cell structure
to be obtained. Hence, a polishing pad of the invention is more excellent in
psiliboweratsiandmaplesa polpurtathtnae sesom\foatm rtepolg @ ees. 5
Thedaunih IRvcnion 'siales (02 Rolhio adAYing 8ROl HRA JAYSL ade
froma plglyure&ane fesin foam aving fine cells therein, whetein an

iseiyb e devesrtizon és o lexcellent impwlishing pateusattdme pbere foam

d ibe e, is.a_pol [ IS yﬁﬁ%%e and an aromatic
dﬁ?ggt)%rr%?goﬁ\%aﬂ Soﬁgﬁﬁghgtéé%%gﬁé’igurt V‘/’gﬁon Is a polishing pad
improvediive dstdbinyentiion ptdatey doon phlishingpadihd vipogshing

S ) <hi . i ; oy shing
BRI AR TR RIECTR Rey 106 YDA Pla0T
f&ﬁlﬁaﬁbp@ﬁmeﬁl}ymim IiﬁiQ_QYidnaﬂ@r Wn&nbeﬂnéghd&lly raproved.
A LRSS adﬂﬁf%{ﬂé?ﬂﬁé%giﬁf oA ELIALBLANERNY Rad, two

reasons can be shown up, 1) one of which is a high specific gravity of a
pBdyimgrized slitsoryansatiecandianarpmaticrititsesyanatenacity” in a

material §SgERLHiG PYid e 1!?%%03?8&1994&%@9&*19%MQL?;%?ESWC

gravity has only to be Towered in order to make a surface of the polishing
|dpaprruesean inessebilitipnhils\e Mlgnacizaiien charastesiffdesand
hgEiNGaE 8! Gledd ¥t £ U BRFh VS 1R 5 2RYd6AG 1 doned.
degradation of a planarization characteristic. In order to maintain a hardness

wines Btk Palishing pghafthe feurth iaventionHsrdumdressing

time is shortened; therefore, a fabrication efficiency of
semiconductor wafers can be drastically improved. As reasons for
difficulty in dressing of a conventional polishing pad, two reasons
can be shown up, 1) one of which is a high specific gravity of a
polishing layer and 2) the other of which is the existence of
“tenacity” in a material itself of the polishing layer. Though it is
thought that a specific gravity has only to be lowered in order to
make a surface of the polishing layer dressed with ease, simple
lowering of a specific gravity renders a hardness of all of the
polishing pad lower, unpreferably leading to degradation of a
planarization characteristic. In order to maintain a hardness with
reduction in specific gravity, it is conceived that a molecular
weight of a high-molecular-weight polyol is decreased, but in that
case, a surface wear gets larger than necessary, thereby reducing a
life of a polishing pad or decreasing a polishing speed because of
immediate removal of fluffiness on the surface of the polishing pad

after dressing.
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weight of a high-molecular-weight polyol is decreased, but in that case, a
surface wear gets larger than necessary, thereby reducing a life of a
polishing pad or decreasing a polishing speed because of ImAtediaerR (SG)
removal of fluffiness on the surface of the polishing pad 30 after dressing. 17
F-PO7108TR(SG) The inventors have found that a "tenacity” of a material
itself can be decreased while a high hardness is maintained by using a
polymeriZdceditsoentoeschave dowendnthiat cdii$bepacity” cohsbmadexsaln
SecKials Rmpenel uch ik malelahola 8 Relieliang £5sin
foam. Apc')’lyure &he resin oam described apove 1s pre eraf)?ya
resdignacpodsipedectiod Hedsyaymatetetal mim armhpatisodiisacyanatiaing a
pol '(::'éi iisocyan nd an aromatic dii e wit in.
o e A D U NP I L gt o o
npsthyairiethesierabidbdeanse of excellency in polishing characteristics. A

weight rafiq.i r i . '
disooyan By S W OB TRy «
premm;timhedrmgduct@mam%qswawﬁ(mimmldtmmb'_mmng
cepiFah At ALY YBRIRRH AP RIS RAESS R Wolhdijenacty” of a
polyurethane resin itself cannot be sufficiently reduced; therefore, a

dﬁém{!}lﬁtﬁ“ﬁ%ﬁiﬁl}ﬁpe?mlbe Ajmlemt_hmmin_ﬁeame in
r%@%@ﬂé&?%%‘e@‘i‘l?B?@uﬁﬁ&S OPSRL ARG RS PH RS &t 2lise of

shortened, leading to a tendency ot degradation in handlablity. On the other
hexeeHensohincpalishing geameterdgtifisocyanate exceeds 65 wt %, a

dressing gREEfL 1P SPHESSINEE0 RERT W?&?ﬁhbﬂﬁé&'@i&%@éﬂ&f@w&

of a polishing pad. In the fourth invention, it is'preferable that a polymerized
an aromatic diisocyanate is preferably in the range of from 1/99 to
65/35 and more preferably in the range of from 5/95 to 50/50
(former/latter). If a mixing content of a polymerized diisocyanate
is less than 1 wt %, a “tenacity” of a polyurethane resin itself
cannot be sufficiently reduced; therefore, a dressability of a
polishing layer cannot be sufficiently improved. A pot life in
reaction between an isocyanate component and a chain extender is
shortened, leading to a tendency of degradation in handlablity.
On the other hand, a mixing content of a polymerized diisocyanate
exceeds 65 wt %, a dressing speed is excessively larger,
unpreferably resulting in a shorter life of a polishing pad.

In the fourth invention, it is preferable that a polymerized
diiscyanate is a polymerized aliphatic diisocyanate and an
aromatic diisocyanate is toluene diisocyanate. The polymerized
aliphatic diisocyanate is especially preferably a polymerized
hexamethylene diisocyanate. With both diisocyanates used, a
polyurethane resin foam can be produced with a good handlability

and a planarization characteristic and a dressability can be
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25 diiscyanate is a polymerized aliphatic diisocyanate and an aromatic
diisocyanate is toluene diisocyanate. The polymerized aliphatic diisocyanate
is especially preferably a polymerized hexamethylene diisdcyzthaté SWAHSG)
both diisocyanates used, a polyurethane resin foam can be produced with a
good handlability 30 and a planarization characteristic and a dressability can
be 18 F-P07108TR(SG) improved without reducing a polishing speed.
Piafpralvied sseith oret heidarcingiep glidhivegi spe elds o B fatabile lishamg
CRRRRieHsles, HE 353 RanAzaICR charselerRl Gapbg, dmproved by
using Urethane-modi |J’d°§6?)‘/lmerlze (lzlluso&ana e.5 specnll1 gravity of a
pcharattenistésinsiocinds prplamatizatibn chyaofdristio. 4o b and

{Egﬂj&%e&% AU ﬁ%@gﬁaﬁefﬂ%ﬂﬂﬁﬂeﬁ aggay'z‘h%ﬁ%%ﬁg %EJS‘X%SJE&%SS

.9, various teridencies arise that a €ess o ep mg'layer
is decreésepecifiegtavikteribaape lypieethinae oe simafasterittiprefeddlidyof
.polishi i eGays I f r ishigg
Rt TSR R S Lk
ifraseiai@ tn®@l oiffiifsipesifigravisiyrisctess 4lpatisDibg yariewer

d£%§131@91 N RUITHRE a%%éﬁ?%rf'lﬁi‘@f%ﬂe%%‘ii@%ﬂi?"ﬂ&?@i“i eds
1.0, dressability of a 15 polishing layer cannot be sufficiently Tmproved. A

péwamdetmshpm deteuiaraie ® menanig@ﬁpmoqha}a%msai;grees
afifeAYE ?Eﬁi@ﬁﬁl& DIG9 4 UHB AL AR 4R 60 FEPIEESP SRHACE wear

hardness. If an Asker D hardness is less than 45 degrees, a planarity of an

opfetnelishingslastetcthrnnesosary end @ pelipbing speadoist an Asker
D DAHINGIF ARG Hedd ude $aihTReaifU PO ST HAFAMRNS LY the

good but in-plane uniformity of an object to be polished is reduced.

Sevstanesofia Ralighing.Rathadtes HaRssiieating RINABING:jcON the
other hand, if a specific gravity exceeds 1.0, dressability of a
polishing layer cannot be sufficiently improved.

A polyurethane resin foam is preferably in the range of from
45 to 65 degrees and more preferably in the range of from 50 to 60
degrees in Asker D hardness. If an Asker D hardness is less than
45 degrees, a planarity of an object to be polished tends to be
degraded. On the other hand, if an Asker D hardness is larger than
65 degrees, a tendency arises that a planarity is good but in-plane
uniformity of an object to be polished is reduced. Scratches are
easy to be caused on the surface of a polished object.

In the fourth invention, a polyurethane resin foam described
above preferably contains a silicone-based nonionic surfactant in
the range of from 0.05 to 10 wt % and more preferably in the range
of from 0.5 to 5 wt %. If a content of a silicone-based nonionic
surfactant is less than 0.05 wt %, a tendency arises that a fine-cell
foam is not obtained. On the other hand, if a content thereof

exceeds 10 wt %, a tendency arises that difficulty is encountered
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In the fourth invention, a polyurethane resin foam described 25 above
preferably contains a silicone-based nonionic surfactant in the range of from
0.05 to 10 wt % and more preferably in the range of from G518 BL@$ 78, (IF@)
content of a silicone-based nonionic surfactant is less than 0.05 wt %, a
tendency arises that a fine-cell foam is not obtained. On the other hand, if a
content thereof 30 exceeds 10 wt %, a tendency arises that difficulty is

eabbtairéngda 1o ghROha08 HolyGiethtaneirg simifgayrh duepayairethane

re i:P oam due to ?ﬁg'cf},ifi gosnueifaeccgaonftthe surfactant. A dressing speed of
appoﬁs ing padno? & fourth INvention re preferably in the range of from 4.5
to 10 gmAndressingospeedrofeagpolishing paged thenféourtB imventiba is
dressin eed s less than m/min,, an.effect of shortening a dressing

ti ree?lgl%rﬁs%’ |<l:1|etn ?tﬁaelrl or%i,lfrfgnai#ilgjlﬁolﬁrnfﬁ%\?gi é?a%?lga |o°nreefficiency
farederablylintthevséarge ©ff fhrermtBetd 8naimif midresding dpessingcemeid
1 i Sy, r of a polishi is more e Ve
e R B L ARt
flimswdSictantictberiefaref ihdsptiflanititgampro e Sahricatiordiately

YRty g alel-BRINRG: RaikRy. e dir g Ralishingapead, The

invention rélates to a fabrication method of a 15 semiconductor device

irttesfing spee dfexsredsglOdunidanin; 2 sunfree wragrofAqralishingy of
e R0 R PAd S AR E bRy RIESIREH Y fin' AiEAGENENER LY ik beS

a sChematic view showing an example of construction of a’polishing

apRelishkingcpad \shortgned and fukinessconstioe sy farphither film
NG B AP SRR @FeR4REls Imhs8&idlely removed during wafer

polishing, thereby reducing a polishing speed.
The invention relates to a fabrication method of a
semiconductor device including a step of polishing a surface of a

semiconductor wafer using any of the polishing pads.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing an example of
construction of a polishing apparatus used in CMP.
Fig. 2 is a schematic view showing 25 points for film

thickness measurement on a wafer.

Legend
1: polishing pad (polishing layer)
2: polishing platen
3: polishing agent (slurry)
4: object to be polished (semiconductor wafer)
5: polishing head
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1: polishing pad (polishing layer) 2: polishing platen 3: polishing agent
(slurry) 4: object to be polished (semiconductor wafer) 30 5: polishing head
20 F-P07108TR(SG) 6 and 7: rotary shaft BEST MODE FORPCARRINGSG)
OUT THE INVENTION A polishing pad of the invention may be either only a
5 polishing layer made from a polyurethane resin foam or a laminate of the
polishing layer and another layer (for example, a cushion layer). An
isocyanateasdrihatethpyeglbafiher used in the first and second inventions
contains at least an isocyanate component and a 10 high-molecular-weight
polyol as raw material components. With an isocyanate-terminated

pBESE MORDEEOR CARRENGPOV (Y SAHE ENVENTION is excellent in

physical pr ies. A i anate onent,,a.c nd known in the
Fold of pEn R RIS RISt MESIE SRR B SIRe SRR
igelishing deyponsrdénbtiote s, folyvretlionse gesincidisucynaateminaheas
2 e i} t i e -dinhen ne
SR ERBRR TR oo S 100 TR it SR
dlayeyknate, 1,5-naphthalene diisocyanate, p-phenylene diisocyanate, 20

m-phenylenq QiSpexanalee AMUELE fUSpEYFRALE ﬁEQai”ThWiﬁ??ﬁst and

diisocyanate, aliphatic diisocyanates such as’ethylene diisocyanate,
2§2,wﬁmwntékmm@§wn§dmm dngcyanateaaampanent and a
IHSORYAIGIE G WEHHE PUIPOYHIETSHE{  3tal SoMPBRSIARS With

diisocyanate, 4,4'-dicyClohexyl methane 25 diisocyanate, isophorone

dasoiseevanatrt teamminated ararolimer used, an obtained

polyurethane resin foam is excellent in physical properties.

As the isocyanate component, a compound known in the
field of polyurethane can be used without particular limitation.
The isocyanate component includes, for example, aromatic
diisocyanates such as 2,4-toluene diisocyanate, 2,6-toluene
diisocyanate, 2,2’-diphenyl methane diisocyanate, 2,4’-diphenyl
methane diisocyanate, 4,4’-diphenyl methane diisocyanate,
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-trimethyl hexamethylene diisocyanate and
1,6-hexamethylene diisocyanate, and alicyclic 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.

As the isocyanate component, it is possible to use not only
the above-described diisocyanate compounds but also
multifunctional (trifunctional or more) polyisocyanates. As the

multifunctional isocyanate compounds, a series of diisocyanate
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These may be used alone or as a mixture of two or more thereof. As the
isocyanate component, it is possible to use not only the above-described
diisocyanate compounds but also multifunctional (trifunctidrnat @f here (SG)
polyisocyanates. As the 30 multifunctional isocyanate compounds, a series of
diisocyanate 21 F-P07108TR(SG) adduct compounds are commercially
available as Desmodul-N (Bayer) and DuranateTM (Asahi Chemical Industry
Gad diutcit) clmbipe sactnane oorione acialiynzatailabby axsaesmurdtdrdbly used
ap.a content of:90 mol %.qr more..mqre preferably 5 used at mol % or
e e R e Ry 8 R ot
isocyanale therslecabld igiphatidmetmaeaisdigasecyamitedie preferably
4.4'-di Im diisocyanat. he.qther h a
SR VSR £ CREe s 36 HGre e i nre prefersbiy
syseatadFomehliphatowmdind esipgcisliyopyeferablymsedeat and a
"EEROIE YT OIAE R O Afoag Rt ARdRGRYRAIT iRaRIRtly
prepolymer renders physical properties of an dbtained polyuret and resin

fgﬁmwmmwsmmdmmafmbme: ethylene 15
dHSQC-@Bitgnélﬁmﬂﬂg}?éhﬂwgm%‘?”e diisocyanate,

1,6-hexamethylene diisocyanate ‘and the like. The exemplified compounds
may be (3acthehethesramdn annisegranptederminateshnsenelyanrer

EéMiﬁstqet%ﬁJEXB%W@@ylﬁfﬁg@zgg }réiﬁyﬁpthmgtlc and/or

diisocyanate, 4,4'-dicyclohexylmethane diisocyanate, isophorone

dibiseliaisasyssatereamasentendr highkamotrenlasmsisdyd polyol.
TRE S R ARG A I e o
properties of an obtained polyurethane resin foam excellent.

Examples of the aliphatic isocyanate include: ethylene
diisocyanate, 2,2,4-trimethylhexamethylene diisocyanate,
1,6-hexamethylene diisocyanate and the like. The exemplified
compounds may be used either alone or in a mixture of two or
more kinds thereof.

Examples of the alicyclic isocyanate include:
1,4-cyclohexane diisocyanate, 4,4’-dicyclohexylmethane
diisocyanate, isophorone diisocyanate, norbornane diisocyanate
and the like. The exemplified compounds may be used either
alone or in a mixture of two or more kinds thereof.

Polyfunctional, trifunctional or higher functional,
polyisocyanate compounds can be used in addition to the examples
of the aliphatic and/or alicyclic isocyanate.

Especially, as an isocyanate component,
4,4’-dicyclohexylmethane diisocyanate is preferably used alone.

On the other hand, a polyurethane resin used in the fourth

invention is constituted of an isocyanate component, a polyol
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25 polyisocyanate compounds can be used in addition to the examples of
the aliphatic and/or alicyclic isocyanate. Especially, as an isocyanate
component, 4,4'-dicyclohexylmethane diisocyanate is prefératily bsédralsfe.
On the other hand, a polyurethane resin used in the fourth 30 invention is
constituted of an isocyanate component, a polyol 22 F-P07108TR(SG)
component (a high-molecular-weight polyol and a low-molecular-weight

pebamlp andmtfaalrighiemlecwlarsvejghttpalyobandnss, it is necessary to
use a merized diisocyanate.and an aromatic diisacyanate in 5
coorr%%%gt]%ﬁ.u aﬁ'aff i ﬁ??‘zé&%’.é &%ﬁaﬁeg#}aﬁ?e%u?ﬁ%%%/éntion is a modified
polymeridsdispryanate ciomipenen taddition nédessaty tnoreedasocyanate to

nate aitsipes: el disocyanate
R St S S T

beeantbiatioz).an isocyanurate type and the like, among which especially
torable i . . : e
preterab’g ;@Qﬂgﬁ?&&%ﬁ&%@(fzst&ﬁ ?%%efi}[@t@'ﬂwgnﬁb?% cgssary

to contain Isocyanate described above at a content o wt % or
moedifidd polymerizesd dspeya i) ehtiinednbycadditior ofthiee ense

of o o JYRRLEELSSRE VAN RIT SESISHARNA R I AR goNtent of

25 wt % or more and more preferable contained at a content of 35 wt % or

nketymerigedifsonynmatesis axamples ofisbe/ medified isocyaradan
CRTMRHBYS Jitm el R i R aHE HaRG ERT AR B th BXARETPHeC D

include those described above. In the fourth invention, as a diisoCyante
cheeyamirate sxperand dheolikmamens el especialuipryeferable

PiETEraRYid6Erh ARt de8 trFeMahICaS ISP oY ARG TP SE AbcBERIEHFDIY
to contain a modified isocyanate described above at a content of
50 wt % or more and preferably at a content of 60 wt % or more.
Moreover, in a case of a mixture, trimerized diisocyanate is
preferably contained at a content of 25 wt % or more and more
preferable contained at a content of 35 wt % or more. No specific
limitation is placed on a diisocyanate and any of known
compounds in the field of a polyurethane can be used, examples of
which include those described above.

In the fourth invention, as a diisocyante constituting a
polmerized diisocyanate, an aliphatic diisocyanate is preferably
used and 1,6-hexamethylene diisocyanate is especially preferably
used. A plymerized diisocyanate may be of a modified type such
as of urethane modified type, an allophanate modified type or a
burette modified type.

In the fourth invention, an aromatic diisocyanate is
preferably toluene diisocyanate.

As the high-molecular-weight polyol, a compound known in

the field of polyurethane can be used without particular limitation.
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used. A plymerized diisocyanate may be of a modified type such 25 as of
urethane modified type, an allophanate modified type or a burette modified
type. In the fourth invention, an aromatic diisocyanate is preféfably t3loéRe)
diisocyanate. As the high-molecular-weight polyol, a compound known in 30
the field of polyurethane can be used without particular limitation. 23
F-PO7108TR(SG) The high-molecular-weight polyol includes, for example,
polyethighpoipdécdpreseriglt [poppoltétrelndis doe esdzanglecgalyether
polyethylene glycal, pglyester.polyals represgnted olybutylene . adipate,
R R B SRR ek P el
ppblysithylyosglychlap phigsteraadyrle peiyssentesbhyy amiyhattylendth
alkylene c n | r b lyol i by reagctin

R L TN e I e SR

rgaosbretsofipolyestercglyends divgib asyobuid pantapbomerpoliot aotlols

' tj I ' I
e e R R
Imolsslecritpineftkibkeactingetinstean cagharastherithy somtivalent

YRS 134 983%%9% i WI&Y-%%%@EPA%CHL%M?@%% An organic

li

high-molecular-weight polyol but it is preferably in the 15 range of from 500 to
5@B@nhwbsemkblynﬂtm1mgeb9m<smm&mmﬁﬂe@@awy _
Pé?!@ﬁ%‘?lééﬁr@‘fc@@ﬂeo?;firgm?ﬂ%%&?f’%&ﬁ%llﬁ& IGAAPIREY 8RrpiEHkEe.
characteristic of an obtained polyurethane resin. If a number-average
nMdMeEs anakibatuserbsinglie oF g8 Totpe ofi foneane raske diheaneed.by

URNG Té?p@%%‘iiﬁ%P&%%Jﬁ‘e@%ée%ﬁi?@é‘f&'ﬂfé&?iéf?&@ﬂ%? SRLERSY

to be fragile, and a polishing pad made from the polyurethane resin is
excessiviig Hapdtainam oimpaned ens aymberayesage molecular

weight of a high-molecular-weight polyol but it is preferably in the
range of from 500 to 5000, more preferably in the range of from
500 to 2000 and especially preferably in the range of from 500 to
1500 from the viewpoint of an elastic characteristic of an obtained
polyurethane resin. If a number-average molecular weight thereof
is less than 500, a polyurethane resin obtained by using the polyol
does not have a sufficient elastic characteristic and easy to be
fragile, and a polishing pad made from the polyurethane resin is
excessively hard, which sometimes causes scratches to be
generated on a surface of an object to be polished. Moreover,
since a polishing pad is easy to be worn away, it is unpreferable
from the viewpoint of a life of a polishing pad. On the other hand,
if a number-average molecular weight thereof exceeds 5000, a
polishing pad made from a polyurethane resin obtained from such a
polyol is unpreferably soft to thereby disable a sufficiently
satisfiable planarity to be earned.

Examples of the low-molecular-weight polyol that can be

24



10

15

20

25

30

generated on a surface of an object to be polished. Moreover, since a
polishing pad is easy to be worn away, it is unpreferable 25 from the
viewpoint of a life of a polishing pad. On the other hand, if afmmMbef-Bvérage
molecular weight thereof exceeds 5000, a polishing pad made from a
polyurethane resin obtained from such a polyol is unpreferably soft to
thereby disable a sufficiently satisfiable planarity to be earned. 30 Examples
ohtesl|bogetdiecuisdithyeiflighamol dcatlasiwiedg Bt polPYoll @8SEHiBE] alsevde

t h ith,a high-mplecular-weight poelyol d i b include;
SRR L PR e ol e S e e
1 B2>batraeslidl A 1L Gtbatding dLblidredtale8ibbxanediol, neopentyl

4- i 3- -15-pentanediol, diethyl
o ackasHEE SR HEUREDET es iy Liypef, oo detiene
trinfetty liphezxans djlguetia ol, B rmedihwiidl Sopentanediol, diethylene
t t hyl | | ' [citol,
Bl e e,
Mﬁmﬁﬂﬁ?&wﬁnmmlﬂeqw&mmmemwrﬁ% mn&aem_rhpiéglshat
CRlPEHEeH P&%‘%ﬁa‘ﬂ@%‘?& W@f@&ﬁ%ﬁﬁ'ﬂéﬂﬁ&'ﬂ%ﬂﬁ'ﬁ&ﬂﬁ%ﬁ

low-molecular-we polyamine su ethylenediamine, tolylenediamine,

dthreitahasngnestarfide Sofetiepealtis(hydroammethmticysiphexanet,
CHANRRISJ1ARTAY, OR-UrECHPRASI U I4RA U9 bRl EWE IO hYale

also include: alcoholamines 'such as monoethanolamine,

2likeam ﬁébﬁymmméhew mbgregaﬁdlmhbeanyiﬁe the. The

RSP AR S b L

oRehyinesRdt asivdenedirminmttigisnediamine,
diphenylmethanediamine, diethylenetriamine and the like. Still
other examples that can be used together with the
high-molecular-weight polyol also include: alcoholamines such as
monoethanolamine, 2-(2-aminoethylamino)ethanol,
monopropanolamine and the like. The low-molecular-weight
polyols and the low-molecular-weight polyamines may be used
either alone or in combination of two or more kinds. A mixing
quantity of each of a low-molecular-weight polyol and a
low-molecular-weight polyamine is not specifically limited and
properly determined so as to match characteristics required for a
manufactured polishing pad (a polishing layer) but is preferably in
the range of from 20 to 70 mol % relative to a total polyol
component.

An isocyanate-terminated prepolymer is produced by

heat-reacting a polyol component described above with an
isocyanate component at an equivalent ratio of an isocyanate

group (NCO) to an active hydrogen (H*) (NCO/H*) in the range of
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low-molecular-weight polyamine is not specifically limited and properly
determined so as to match characteristics required for a manufactured
polishing pad (a polishing layer) but is preferably in 25 the Faritje’éPfdm(26 ko
70 mol % relative to a total polyol component. An isocyanate-terminated
prepolymer is produced by heat-reacting a polyol component described
above with an isocyanate component at an equivalent ratio of an isocyanate
3frgm b 26 3. amdaptiefe hybilp Ganthré r O o fromth  .artge206 . 251 f
F-PO7108TR(S rom.l.2 to 5.0 and prefergbly in the range of from.1.6 to
A5 fauvaicRE fatTAGHO0] R MR Y, 1 REIRNEL: il
sypirdetsib divereef dend ¢ by polyne tize dhamsb ylsetehijesolddfigslled.
T R T TR IR A A o
quanti®y of unreacted Isocyanate rerhains; ftherefore, a reaction with a chain
estgatsls S0celgraeat quaditijytofhuomdantydlisoayaviatbitieysiias;

p. e resi is. deqr I first inventi i0qs
ORISR SR 00 i EE, A YSRU, G5 g

uted teadesicy thatiehmaaldahility pblgpniyareshane resin foam is

Bd%QEqréqhylthio)-2,4-to|uenediamine,
3,5-bis(methylthio)-2,6-toluenediamine, 3,5-diethyl-2,4-toluenediamine,
3,5-diethin tlserdigeh danwgntion ;s a chain extender, an aromatic

2&:3%!_1‘ ¢ ﬁﬁfﬁpl&m:ﬁ’é iﬂaﬂh@g%@ﬂﬁw?‘?&@& lower is used. Examples

iethyl-4,4"-diaminodiphenylmethane, m-xylylenediamine,
ek sHcheamasamatienadaminaringlugsenylenediamine,

Egg%ﬂggﬁggﬂ?ﬁh%pzﬁ@gyﬂ{@ﬂgaga%ﬂ%gi-p-aminobenzoate expressed

y the general formula (i). It is especially preferable to 20 use

poipdisimeshelbinlidebitplushesiaminge with a
3,5-diethyl-2,4-toluenediamine, 3,5-diethyl-2,6-toluenediamine,
N,N’-di-sec-butyl-4,4’-diaminodiphenylmethane,
3,3’-diethyl-4,4’-diaminodiphenylmethane, m-xylylenediamine,
N,N’-di-sec-butyl-p-phenylenediamine, m-phenylenediamine,
p-xylylenediamine, and a polyalkylene oxide-di-p-aminobenzoate
expressed by the general formula (1). It is especially preferable to
use polytetramethylene oxide-di-p-aminobenzoate with a
polymerization degree n in the range of from 2 to 5. The aromatic
polyamines may be used either alone or in combination of two or
more kinds.

It is preferable to use a low-molecular-weight polyol and/or a
low-molecular-weight polyamine, both described above, may be
used together with a chain extender described above when
necessary. In a case where the compounds are used in
combination, a chain extender is preferably used at a content of 80
mol % or more and more preferably used at a content of 90 mol %

or more. If a content of a chain extender is less than 80 mol %, a
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polymerization degree n in the range of from 2 to S. The aromatic
polyamines may be used either alone or in combination of two or more kinds.
It is preferable to use a low-molecular-weight polyol and/orfar2%/108TR (SG)
low-molecular-weight polyamine, both described above, may be used
together with a chain extender described above when necessary. In a case
where the compounds are used in combination, a chain extender is
ptefedeinlyy szises s kahteciedl dlametés neneasesichnceid giafoetiely issed

at a_ coptent of 90.,mol % 30 or more. If.a content of a chain extender is.less
B ol ad & a8 L RSP AT o SCHORRREES

imndaised_pga:édnaiwﬂetgr is easy to fluc_tuate and a p_Ianarization
characteyisiie,oh & palishinc nadlds ds'eiaraiac A LalR.p'a RERONDELIO:R

chain exten various ways according to molecular

weghoushways andordingdo wielsicularopeights shpotepiandaal debred
I 0 in. ishi [ i polishi

PRV REA BEobb A 1P POKRRIA DR B BRIk RHIER DU Wy

tite ebtaibeophlishing rpdupitbia desiredpoalishing chierasiieristiane

‘iﬁ%exﬂixfﬁ%}Oo??s@c%r@ﬂaac%dg}@&%é’@%r%ﬁﬂli%@%‘ia%vfé% Y Lo

r
1.15. The second invention, as a chain exten s an EO adduct and/or

am@émmf ﬂmmtéagabmm (ST_fem Qh@rimﬁ@tﬁéid%léﬁ:wm%igroup
CPRS SRS O I DERAUY 98t 68 BE P Hiéifb’%ﬁ&% ARdeRiSAGRY of

An additive quantity of an EO adduct and/or a adduct is not specifically
lifsnaa QR B i kek®ble in the range of from 2 to 4 mol relative to 1 mol of an

aromatic-sipl. J6 agii e GeaRiies A PRIERAERHChABE/ AR E Qg ct falls

outside the range, a
adduct and/or a PO adduct of at least one kind of an aromatic diol

selected from the group consisting of hydroquinone, resorcin,
p-xylylene glycol and bisphenol A.

An additive quantity of an EO adduct and/or a PO adduct is
not specifically limited but is preferable in the range of from 2 to 4
mol relative to 1 mol of an aromatic diol. If additive quantities of
an EO adduct and/or a PO adduct falls outside the range, a
polyurethane resin foam is soft and a tendency arises that it is
difficult to obtain a satisfiable planarity.

A ratio of a prepolymer to an aromatic diol EO/PO adduct
can be altered in various ways according to molecular weights
thereof and a desired physical property of a polishing pad to be
manufactured. In order to obtain a polishing pad with desired
polishing characteristics, a ratio of the number of isocyanate
groups of a prepolymer relative to the number of functional groups
of an aromatic diol EO/PO adduct is preferably in the range of from
0.95 to 1.20 and more preferably in the range of from 0.99 to 1.15.

As a chain extender, a low-mlecular-weight polyol and/or a
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20 polyurethane resin foam is soft and a tendency arises that it is difficult to
obtain a satisfiable planarity. A ratio of a prepolymer to an aromatic diol
EO/PO adduct can be altered in various ways according td' mitldéaFr (SG)
weights thereof and a desired physical property of a polishing pad to be 25
manufactured. In order to obtain a polishing pad with desired polishing
characteristics, a ratio of the number of isocyanate groups of a prepolymer
rééativim ddehelanmiedgbt fpolyantdingronpy lné arsedotogedlues! widHPanadduct
is_preferably.in gg of from 0.95 to 1.20 and mqre preferably in the
AREHROAM BB AGRR, | A TS S USRI e
puked dndéomabzvaEiex),/ OB TR(EE)alle -tooiseuion-amgha tic \diol ROV RO
DeieQUSNE IR AL U IR A1 ERIGO 2ddUSlo 1R B RS AIfgT e
compounds are used Iin combination, it is preferable to use an aromatic diol
Eyte nddeli@0atmot Saterifcf 80mtent aff amossoma tio diptEOABD at a 5

CQH@%@E@%@PH’{% f S ANEs1Y, Ot %ﬁ%’éﬂ%&%@&%q LA dRdF ST
than mol %, a ten ency arises tﬁat a diaméter of a cell increases, a
dinrellcinsirgasssisadigmetactiofire cel is pamuatiodivntsiateamdsic of a

ggi@ﬁﬁqm%ﬁ @%‘E@é@i@i’sﬁb%ﬂf%mﬁm@ 33 %§H@%§i§;§gp§& uses

least one 10 kind of a halogen free aromatiC amine selected from the
group cAbesthirdiisvrapsionisasprebadn extaadendisemahleastyne

(Rirdd BELRATUR UL iRl R Rin HACU RGN BRIWY e IBFoUPETS:

are an alkyl group having 1 to 3 carbon atoms or a 15 methylthio group and
pesragasting of g mpopndsinEpresse ¢y sheagenecsrkbinranylaadréap.
g halogen free aromatic amines expressed by the general formula (2),

espécially preferably used are 3,5-diethyl-2,4-toluenediamine,
In the general formula (2), R! to R3, each independently of

the others, are an alkyl group having 1 to 3 carbon atoms or a
methylthio group and preferably an alkyl group having 1 to 2
carbon atoms or a methylthio group. Among halogen free
aromatic amines expressed by the general formula (2), especially
preferably used are 3,5-diethyl-2,4-toluenediamine,
3,5-diethyl-2,6-toluenediamine,
3,5-bis(methylthio)-2,4-toluenediamine and
3,5-bis(methylthio)-2,6-toluenediamine.

In the general formula (3), R* to R7, each independently of
the others, H or an alkyl group having 1 to 4 carbon atoms and
preferably an alkyl group having 1 or 2 carbon atoms. Among
halogen free aromatic amines expressed by the general formula (3),
especially preferably used are 4,4’-diaminodiphenylmethane,
4,4’-diamino-3,3’-diethyl-5,5’-dimethyldiphenylmethane,
4,4’-diamino-3,3’,5,5’-tetraethyldiphenylmethane,
4,4’-diamino-3,3’-diisopropyl-5,5’-dimethyldiphenylmethane and
4,4’-diamino-3,3’,5,5’-tetraisopropyldiphenylmethane.
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3,5-diethyl-2,6-toluenediamine, 20 3,5-bis(methylthio)-2,4-toluenediamine
and 3,5-bis(methylthio)-2,6-toluenediamine. In the general formula (3), R4 to
R7, each independently of the others, H or an alkyl group Havithy 18R (SG)
carbon atoms and preferably an alkyl group having 1 or 2 carbon atoms.
Among 25 halogen free aromatic amines expressed by the general formula
(3), especially preferably used are 4,4'-diaminodiphenylmethane,
4,4'-dianﬁn¢-R¢3gdie¢h§tL5<ﬁ‘rduimdeipﬁsrqmiﬂmgn f4othdPaturd-and, 5,

5'-tegtaet §)hen Imeth

4?lf'e Amms ||s§propy?l:54f5 A (rin(lalt ﬁl)ﬁgﬁflﬁﬁet ane almt 3%0 and

4p1‘a;l’wnaiﬂy ams mﬁgetr&rmprdmﬂdﬁaheﬁyhnnmhaéoge&l:fnéemﬂﬁﬁﬁ(m)
"L}n?n% r‘ieosf "&L&% D % 5? F‘ie 1 fré%“ ﬁ?}o 6}%'%’ %Qb#
mteger N is &n it rom era mteger om

1ueedl mmm@gnmgm@mgmmmthe general
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I-p-aminobenzoate an ytetramethylene oxide- dl -p-aminobenzoate

velymetizasinatiggtegadm mm@m@bfm 1 to §: It is preferable to
use a loyggo g?&@@%‘i‘@ b5 RO 386/ Fh B14RMITIANG SR WO BBIPNE/ BN G

both described above, may be 10 used together with a halogen free aromatlc

alawaneleciHainweight| mgmiimi hothedereribedaboye, mayds
WRGLE 3 AHBP WRAS L 65 T BRI A A AYSIs R AR atIc

amine is preferably used at a content of 80 mol % or more and more

peateadisr descaibedonhaeo e maeressanontdntdrass Whrrselitee
ARG AL G 'ﬁ§é&"ﬁﬁ&ﬁﬂ%@héﬁéﬂeQdﬁgf%géﬂﬁ%éémkg'ametef

increases, a cell diameter is easy to fluctuate and a planarization
Cﬁmm%;gmmmmg%content of 80 mol % or more and

more preferably used at a content of 90 mol %. If a content of a
halogen free aromatic amine is less than 80 mol %, a tendency
arises that a cell diameter increases, a cell diameter is easy to
fluctuate and a planarization characteristic of a polishing pad is
deteriorated.

A ratio of a prepolymer to a chain extender can be altered in
various ways according to molecular weights thereof and a desired
physical property of a polishing pad to be manufactured. In order
to obtain a polishing pad with desired polishing characteristics, the
number of isocyanate groups of a prepolymer relative to the
number of functional groups of a chain extender is preferably in
the range of from 0.95 to 1.20 and more preferably in the range of
from 0.99 to 1.15.

In the fourth invention, in a case where a polyurethane resin
foam is produced by means 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
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deteriorated. A ratio of a prepolymer to a chain extender can be altered in 20
various ways according to molecular weights thereof and a desired physical
property of a polishing pad to be manufactured. In order tofobtain a33alishing
pad with desired polishing characteristics, the number of isocyanate groups
of a prepolymer relative to the number of functional groups of a chain
extender is preferably in 25 the range of from 0.95 to 1.20 and more
pextenaply snoth hremgtivie thyd@géngtoilp imtdledetdhhipdenkyh grompase
where a polyurethane resin_foam is produced by mean [

PR o SR N R W V) SRR S RIS PR e
eCendeete exdiplgsof toengbainl értemglet Bachtder potyainidregsuch
gLQUPS, & E-P T active hydrogen group
inac%u%’é gﬁﬁéﬁ?&fﬁ‘%}égg’ _z?{ p??ff}aﬁ?ﬁg{rns%@gnaﬁgj’amino group, a thiol group
(856-dichlarikp-pBenylemedliamyiies, of the chain extender include:

pRlyami [$(Q: t‘:ﬁloroaniline)(MOCA), 5
zgéﬁ?ﬁ%%%%%ﬁ%léégé?%%@%ﬁr% ylenebis(2,3-dichloroaniline),
3> Dikiatmeyhyilthio)-Hdoddenadiamine,

335§)|§{ ﬁ{gm@ﬁ)ﬁgﬁ;gzgﬁgfgm%nﬁ&édiethyltoluene-Z,4-diamine,

3,5-diethyltoluene-2,6-diamine, 10 trimethylehe glycol-di-p-aminobenzoate,
pdiaedigthsrtiadnene2dié-digmineoB drtigthyltolyensrd 6;diamine,
si'ltﬁﬁ%%ﬁwgm@%Eyggﬁt&ﬁgeaminobenzoate, polytetramethylene
4,4'-diamino-3,3"-diisopropyl-5.5"-dimethyldiphenylmethane,
qoxidiendinp-amimbeageatepropyldiphenylmethane, 15
LE Pt amina)sny B0 ahalsyldiphenylmethane,
4,4‘-d|am|no-3,3'-d|ethyl-5.5'-d|methyld|phenylmethane,
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,
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 extenders
described above may be used either alone or in mixture of two
kinds or more. Especially preferably used are halogen free
aromatic diamines such as 3,5-bis(methylthio)-2,4-toluenediamine
and 3,5-bis(methylthio)-2,6-toluenediamine.

A ratio between an isocyanate component, a polyol
component and a chain extender in the fourth invention can be
altered in various ways according to molecular weights thereof,
desired physical properties of a polishing pad and the like. In

order to obtain a polishing pad with desired polishing
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N,N'-di-sec-butyl-4,4'-diaminophenylmethane,
3,3'-diethyl-4,4'-diaminodiphenylmethane, m-xylylenediamine,
N,N'-di-sec-butyl-p-phenylenediamine, m-phenylenediaming-aiity 208 TR (SG)
p-xylylenediamine; low-moleculer-weight polyol component; and a
low-molecular-weight polyamine component. The chain extenders described
above may be used either alone or in mixture of two kinds or more.
Echacaibe pistfisrsody ratid afethalmgnnlﬁmeoﬁﬁsmianﬁam'gmpsdnm

315 bls%me lthlrri 254 <8 u?e a 1ve po a%gpaq ber of active
goblg met to uene lamine. Aratio Bgtmeen an Isocyanate
chyioogen, grpolps|(hypdnoxydigrawpa ¢raniaxaroans) tire sopotyolvention
lter d I t
deswé %hysmamp\r/opr)lertles %%2%%% r}lng tip(f] 9 ?il% a;f I‘?r?- : §{e;)rhE8m
00t88 aqowaﬁlngzgauonmmsfmbpwnhmmﬁmwm(@@? to 1.15.
CRPERE Sl PP ISR IIRG,H RIS HEYRS B dogryanale
otal nu er

component relative to a active hydrogen group8 (hydroxyl

gtendencynanisgsothal malﬂﬁymtmmamm,atamm Bsa
PLEIELRY gﬁ%&g@%@ Qfﬁ@iﬁr?egéqoﬁ{ﬁ aP,RANNE, el da N

range of fr to 1.15. If the nimber of isocyanaté groups falls outside
m@lmiy@gacmm@ylgmmmdnsgrﬁem@mng occurs, thereby neither a

specific HayEKAE eI E YeSin YA 606 346 ARBNABANY MHYERNH

characterist cs are deteriorated. 10 A polyurethane resin foam of the first

i means ebavselting methost almagr@mgxmgecmeeﬁaﬁwto
afB?Q?éﬁE&J‘HeC?Héﬁi’d%%'W&%rh%@ﬁmﬂ@q?@éﬁ IeStb& CaS%érking

working environment and the like. Then, a silicon based surfactant

cenEranmestnd dhn likgeh E@e@ﬂoﬁ#ﬁwﬁfbﬁmww&sﬁemne and
PebRts heHiEn Sivess R GRTWRRIRILCE Copolymer of

polyalkylsiloxane and polyalkyl ether, is used to thereby produce a
polyurethane resin foam using a mechanical foaming method.
Exemplified as such silicone-based surfactants is SH-192
(manufactured by Toray Dow Corning Silicone Co., Ltd.) as a
preferable compound.

Various additives may be mixed; such as a stabilizer
including an antioxidant, a lubricant, a pigment, a filler, an
antistatic agent and others. They can be mixed into any of the
first component and the second component, but preferably added
into both components while both components are mixed.

Description will be given of an example of a method of
producing a polyurethane resin foam of a fine cell type constituting
a polishing pad (a polishing layer) below. A method of
manufacturing such a polyurethane resin foam has the following
steps:

1) a foaming step of preparing a cell dispersion liquid of an
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polyurethane resin foam using a mechanical foaming method. Exemplified
as such silicone-based surfactants is SH-192 (manufactured by Toray Dow
Corning Silicone Co., Ltd.) as a preferable compound. 20 VaF8us &&thtives
may be mixed; such as a stabilizer including an antioxidant, a lubricant, a
pigment, a filler, an antistatic agent and others. They can be mixed into any
of the first component and the second component, but preferably added into
bitbayrEmadedretsminibts &d threpohyomenrts are mixed. 25 Description will be

given of an eaxgmglg cg_ganggmgdr fa &rodycing af S%Pﬁ%ethane resin foam of

a’f?ﬁg%re??ype constituting a po éungaﬁlad1 ap ing ?a?gr) below. A

nisthycohtederminates puepelyshercwhithrésiagate danthbdollowing
steps: .30, 1) & foaming step.of preparing a cell dispersion liguid of an _31.
R R el UL L SRR MY BB T athive
sgronntoathe puepolymér addfinéencels andcpbtaio-rierilatispersion

pfﬁﬁ%&f“‘?fn"&hic 5 galgedda iﬁ%ﬁ&ﬁ?ﬂ%@i?fs%ﬁanﬂeéﬁﬁéﬁ?ﬂiﬂﬁ
thereby disperse the non-reactiveé 5 gas’into the prepolymer as fine cells and
otemyperadintésfdreiprepplicnier ds psehgatedito progaperctempeivh tines

ogﬁga&)ég@q}pgr%lﬁrﬁem%{gggolymer is preheated to a porper temperature

and used in a molten state. 2) a curing agent (chain extender) mixing step 10
, Rhereuringragenkiohnin exterdeankaniring|sgePersion liquid, which is

A0UAIRY dth! LR P IR AdOP T NN HRRF IR BH c a1 P85 LRGiS I Riquid,
wherein the forming reaction liquid is cast into a mold. 4) a curing step
which is agitated to thereby obtain a foaming reaction liquid.
3) a casting step
, wherein the forming reaction liquid is cast into a mold.
4) a curing step
, Wherein the foaming reaction liquid having been cast into the
mold is heated and reaction-cured.

The non-reactive gas used for forming fine cells is preferably
not combustible, and is specifically nitrogen, oxygen, a carbon
dioxide gas, a rare gas such as helium and argon, and a mixed gas
thereof, and the air dried to remove water is most preferable in
respect of cost.

As a stirrer for dispersing the silicone-based
surfactant-containing first component to form fine cells with the
non-reactive gas, known stirrers can be used without particular
limitation, and examples thereof include a homogenizer, a
dissolver, a twin-screw planetary mixer etc. The shape of a
stirring blade of the stirrer is not particularly limited either, but a
whipper-type stirring blade is preferably used to form fine cells.

In a preferable mode, different stirrers are used in stirring

for forming a cell dispersion liquid in the stirring step and in
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15, wherein the foaming reaction liquid having been cast into the mold is
heated and reaction-cured. The non-reactive gas used for forming fine cells is
preferably not combustible, and is specifically nitrogen, oxygéR,’a eanForsG)
dioxide gas, a rare gas such as helium and argon, and a mixed gas 20
thereof, and the air dried to remove water is most preferable in respect of
cost. As a stirrer for dispersing the silicone-based surfactant-containing first
cstipingnfion iriig analddeithchainexteaderigach&miwing rséepcan be
UseCiLpRIpariE 0 AR iAo 2 o mples (Nereoliaduds Anot be
homggenlzer, a |ss%7ver, a t"\llvfn-screw%%ne ary Mixeretc, The sﬁape ofa
sttirmngafie §6tmeisg reelis nangdaatistifmty linotegesicratibgtlarghippds-ige
stirri is. prefegably used.to form fin In_a pref le mode
dﬁ%rr}egrftgstl rélr%sga&r'e u%ééﬁnas%gﬁr% 9381 &)rrgfg%%?wla' a c%%? %%bge ion |§5’|d in
t'Rhstisamyesshiraet inH2 e RERIDBT IS GLintimg 5 fep aixth e mdging
CQ%%%E?&‘%%H&H?JBK&%%?& SIPEEINE) 1Hli%§[ti%%roﬂi{@§éi}ﬁ‘ﬁ§
mixing step may not be stirring for forming cells, and a stirrer not generatifig

|drlpslectizei preferablyynegadatrdias Begessaryeferably a planetary mixer. 5
The samg, SUHELMARBAE Yrtdulla sl vng %@&&P&mimwﬂhﬁﬁﬂe
stirring conditions such as revolution rate of the Stirring blade are preferably
regllaideeatingcandappestrevringthbdhe Saamcohiaingsbpitenieassiram
Wi i?@a&ﬁ'l‘fﬁ RedURgANA PIeke B ALNR AT ARiRNGHalitheasting 10
and reacting the forming reaction liquid in"a mold until the dispersion lost
fidigperstoartash Awidityrevm g Hec tivesianimpaeaing tienphwaiaabnd are
eYVEpH PLSeallerdia A Gatie My D FefurB1E2StTha Faoid AT
immediately post-cured
reaction liquid may be cast in a mold and immediately post-cured
in a heating oven, and even under such conditions, heat is not
immediately conducted to the reactive components, and thus the
diameters of cells are not increased. The curing reaction is
conducted preferably at normal pressures to stabilize the shape of
cells.

In the production of the polyurethane foam, a known
catalyst promoting polyurethane reaction, such as tertiary
amine-based catalysts, may be used. The type and amount of the
catalyst added are determined in consideration of flow time in
casting in a predetermined mold after the mixing step.

Production of the polyurethane foam may be in a batch
system where each component is weighed out, introduced into a
vessel and mixed or in a continuous production system where each
component and a non-reactive gas are continuously supplied to,
and stirred in, a stirring apparatus and the resulting forming

reaction liquid is transfered to produce molded articles.

A manufacturing method of a polishing pad of the first
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in a heating oven, and even under such conditions, heat is not 15
immediately conducted to the reactive components, and thus the diameters
of cells are not increased. The curing reaction is conducted preferaBRFAtSG)
normal pressures to stabilize the shape of cells. In the production of the
polyurethane foam, a known 20 catalyst promoting polyurethane reaction,
such as tertiary amine-based catalysts, may be used. The type and amount
oinlre xtitaty shagtdes peefdetaadinadvaysnisdenstiofl whilol 4rpeepotystiery
in a predetermined mold.after the mixing step,. Broduction of the. . .

BB S S A HaRE FRIOR S BBuckERy R Pllishine,
weperdsmadeds pet intva veastiemiesisel] thareafberinuchain
PLOAUSIRN SYSIS NN GIECERD FABBRIENL RIS RaRUseU e ARl
continuously supplied to, and surr nY, a stirring apparatus ard the résulting
féineirepfiteaction Haiitise st intopronhald withea prédetesdrined
F%@Q&f@&wg&bﬂyét@%%@ Cgﬁli%uﬂga%adjt?feﬂiﬁé'éﬁ ié?gﬁa%ﬁ?&i)ﬁﬁ(ﬁi%h
invention may erformed in ways: In one of which a prepolymer which'is a

yé&m&ml@%mwﬂi@nd peﬂshMgiph_d a(aqkhshingwhieb i_@ thestepaf
QARG YRS G GRS HRYP rﬁéf&? 'B‘l%i?e%(%f%%ﬁﬁ@%d.

prepolymer, the mixtue Is agitated, 5 thereafter the m e'Is cast Into a mold

mﬁsaqﬁ_&dete_tiﬁ AP HIes Wayamay b@epd@aeudw‘ahacm@_miyﬁ reaw
Wil BesigP s e At O B L e PRI SuaRd PHABaR LIV e sky

of casting into the mold, a thin sheet may be directly produced. Besides, a

smaldotpelyireshpne reripdaam direcilieim die fhapenefiarshest.
melted, g, rppll WLHSH&D@WR@&%*}%EBKM%?M? RAYWELBRE
a

resin foam directly in the shape of a'sheet. On the other hand, a
pﬁy@%%ﬁfﬁam%%@%ﬂéeﬁﬂced by applying a melting method,

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

Manufacture of a polyurethane resin foam of the second and
third inventions is to mix the first component containing an
isocyanate-terminated prepolymer into the second component
containing a chain extender to thereby obtain the reaction product
by curing.

Manufacture of a polyurethane resin foam of the fourth
invention is enabled by means of either a prepolymer method or a
one shot method, of which preferable is a prepolymer method in
which an isocyanate-terminated prepolymer is synthesized from an
isocyanate component and a polyol component in advance, with
which a chain extender is reacted since physical properties of an
obtained polyurethane resin is excellent. Note that an
isocyanate-terminated prepolymer with a molecular weight of the

order in the range of from 800 to 5000 is preferable because of
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to fourth inventions can be produced by applying a melting method, a
solution method or a known urethanization technique, among 15 which
preferable is a melting method, consideration being given t6-8€6598d R (SG)
working environment and the like. Manufacture of a polyurethane resin foam
of the second and third inventions is to mix the first component containing an
isocyanate-terminated prepolymer into the second component 20 containing
aecivmitl entgn tie o thebibit y latacdh piny séeatipmgpedties.byMamwufacture of
M fasbie Shape wiisihane esindoam el dour dpveation s enabled
by m an§o¥e|#1er a prepolymer me Rod of & one Shot me‘fﬁog, &f which
peaiBtaibhdng aprégutyanatecgrod pncdmidiningndevetpaenaxd-tardtheted

p I [i thesi Eam. isogyan nen rll%,a I .
A o BT R S R e L Mg,
peopapeend 4o irvehyquigurhthnerction predewtient Indkethat an

A L T T i T G
exsdierispoyanakalgigumdqntainingropmpoundandatghaih gxtender
Pé’w@é@é‘ﬁﬁeé&i@@'ﬂa}ﬁm K H}%ﬂf%mﬁﬁ EORUBRINER In the

isocyanate group containing compound and the second component

congishnt anethed, qe isgayanate comnongns senves.arias thereby cure
t*i@J@?ﬁHQ@e%Q%‘H-ABﬁQSiWﬁ&O%‘BﬁﬁH}ﬁ&'X,’d&@&‘ SeRdRAlsTeHaNAGH a

prepolymer serves” as an isocyanate group containing compound and a

chRakyekeemrponent sembingdise TRRf dfcrry AStEveohEMPRE® Mpound. In

e gy Bipsufa isocyanate component serves as an 10 isocyanate
group containing compound, and a chain extender and a polyol component

combineMaayfaciyueing amedh9dsopta polyurethane resin foam

include: a method in which hollow beads are added, a mechanically
foaming method, a chemically forming method and the like.
Among the manufacturing methods, preferable is the
mechanically foaming method using a silicone-based surfactant
containing a silicon resin, which is a copolymer of a
polyalkylsiloxane and a polyalkyl ether. A silicon resin described
above is preferably in the range of from 1000 to 6000 in
weight-average molecular weight and a ratio of ethylene oxide
/propylene oxide in a molecule thereof (in molar ratio) is preferably
in the range of from 70/30 to 100/0. The silicone resin has a
siloxane skeleton with a hydroxyl group or an alcoxyl group at the
terminal of a side chain thereof, of which preferable is the
structure with a hydroxyl group at the terminal of a side chain
thereof. A hydroxyl group at the terminal of a side chain of the
siloxane skeleton increases compatibility thereof with a
polyurethane resin, which enables a polyurethane resin foam with a

more uniform, fine cell structure to be obtained. Examples of
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containing compound. Manufacturing methods of a polyurethane resin foam
include: a method in which hollow beads are added, a mechanically 15
foaming method, a chemically forming method and the like FARYoRg R (SG)
manufacturing methods, preferable is the mechanically foaming method
using a silicone-based surfactant containing a silicon resin, which is a
copolymer of a polyalkylsiloxane and a polyalkyl ether. A silicon resin
dsschba éilitelbevbasqiteferdbbtanthincnge 0SHo 9803040 6@ ured by
Wedllayglage molecuialweightand fi‘ﬁi‘&‘ Oﬁkﬁiﬂﬁ'g”ea%ﬁfc(%%%y e
oXide T a molecule thereot (n molar' ra i0)'Is pretera R/‘l In the range or’from
7NA®bG6/0 Corporidion)rasid bhe liksiloxAnsilkotbaseidhsafadrtaagyt

g r an alcoxylaro tl{%‘ez erminal of a si hai repf. of.which
w R e N L R (R
chiiia sideediaingudaysidicoperasinewmitihz nfaloiey gremmaththe

S op.incr compatibility thereof with a polyurethane resin,
wglgzéﬁn%a ﬁaﬁgagﬁglﬁ/ureghﬁjhe resin foam with a 30 more uniform, fine cell
structurelm theofitst &d. thisdh e ot 3mE, Ra7aveTRS Hllsdisimeter of a

" ) Finclude: SH.
B G
Qorptarably) imgheeatingerofifcom3@de HPfaamnt Ifiry avarageacsifbon

"RRUNNAYL A SYOLRad G RN HRIBN]) 2,94 ASiHG €3I A 53008

resin with an alcoxy group at the terminal of a side chain. In the fitst to third

irekiegdrke he arlished aftanmelishing osadugrthe resin foam is
preferably, hMAIERIAPEITRIR, BIETEvRPLLI daf aRaa Kfdiagt 20 to 60

gm. If an average cell 10 diameter exceeds 70 m, a tendency arises that a
pReIxRyeshame resin foam is preferably in the range of from 30 to 80

um and more preferably in the range of from 30 to 60 um. If an
average cell diameter falls outside the range, a tendency arises that
a polishing speed is decreased and a planarity of an object to be
polished (a wafer) after polishing is reduced.

Fluctuations in cell diameter of a polyurethane resin foam is
preferably 8.5 or less and more preferably 8 or less in terms of a
standard deviation. If a standard deviation exceeds 8.5, a
planarization characteristic is deteriorated and a polishing rate
gets unstabilized.

A specific gravity of a polyurethane resin foam is preferably
in the range of from 0.5 to 1.0. If a specific gravity thereof is less
than 0.5, a tendency arises that a surface strength of a polishing
layer is lowered and a planarity of a polished object is reduced. On
the other hand, if a specific gravity thereof more than 1.0, a
tendency arises that the number of cells on the surface of a
polishing layer gets smaller and a polishing speed is decreased,

though with a good planarity ensured.
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object to be polished after polishing is reduced. In the fourth invention, an
average cell diameter of a polyurethane resin foam is preferably in the range
of from 30 to 80 gm and more preferably in the range of frémF30 & BORYACIf
an 15 average cell diameter falls outside the range, a tendency arises that a
polishing speed is decreased and a planarity of an object to be polished (a
wafer) after polishing is reduced. Fluctuations in cell diameter of a
polyurethaisrdsieds af asp pigiereting 8 wsivs o nsope ¢fieafabdyp lyrBtive
Iess in ter of a4250 tagg d deviation. Ifastad&iard?jl V|at ex%eds 8.5,
a p?&arlzaﬁon characterl 55 de ﬁerlorate a polis ﬁ"r‘mg rate gets
uhsiabniessdme bpeciflf gmAsker Dpbhrdedwnisbsia fdwan ﬁfpr&gmblq M
t ff C VA of | Is I So R,

Bﬁaen rlsf(::-c%é1 ﬁ%ﬁgr%ﬁ;fac %?ggg%é%%(gegéhsﬁ"r% %yerﬁé ﬁ’)were 85
piaraarlwe;r Boksinsthebfeis brgdummStﬂem,mmdMampeames

IRYD N 1@8{ tﬁﬁg#&:&&%‘ﬁ%{&;&% ﬂé:ﬁg%&‘&ﬁ&i PHEY g@ﬁﬁ"i on

the surface of a polis ayer gets s ing spee
dgersh pdangeitiyoemduntt.a good planarity ensured. 36 F-P07108TR(SG) A

hardness,of, g1RAIHE m?ﬁ%ﬁ%@é’%ﬁ&ﬁm IR {Rpes0f from 45

to 65 degrees as measure hardness meter. If an Asker D
hareferably @rowidad witly a-depresiiomriands a postmsionjstrystudeaced,

WalEHY) G L IR BaRdwin D ‘ﬁﬁ?& Sip PR hAlkee grarees,

a tendency anses that a unl%ormlty a pollshe object is degraded, though

veelishjsgolpieraitfermed wikh glifimaformm (JORMRRaPANESf ¥5e on a
IyERURMS AUFEEAOM PIRYFGAI RSls ST @ ARV SR U ture
depression and protrusion structure are preferably provided on the

surface of the polishing side thereof 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 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, 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 of slurry desirable.

The method of forming the depression and protrusion

structure is not particularly limited, and for example, formation by
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10 for holding and renewing a slurry. Though in a case where the polishing
layer is formed with a fine foam, many openings are on a polishing surface
thereof which works so as to hold the slurry, a depression andprb8@iEroFc)
structure are preferably provided on the surface of the polishing side thereof
in order to achieve more of 15 holdability and renewal of the slurry or in order
to prevent induction of dechuck error, breakage of a wafer or decrease in
polsbhandéiadientyifigovitinpejid thectiepses hive oitipreadatsiomisedctize js
nPtlpnqrt'{cula I|m|t d msof%r as slurr¥ecse%lq ?S geﬁ% ﬁ and d renew eéizimc
examples inc de1y tl cedgr grooves concentric circCle- s%ape%l gr&)ves

ttsrmt@luhsmpqofpﬂnmjghmbbegmsﬁyggnﬂs;msmthyarwhsﬁ‘»mabgm@eves
egcen rooves. [ ro in of th The
o P B o B B R RN e
efmsnasmdrahysanmbMana@,t@mrfpgmam‘bbeaela_&‘ﬁdémbt,wmg

[ are generally those having regularity, but the groove
plt‘%?f 43 QQS%}E%Nﬁe iﬂa%

ove width, groove depth etc. can also be changed at each certain
region toNmakpecifintlimitaticanis\plageduoy aéﬂmﬁaewﬁmmmng

f‘i&(’}lﬁlg Hift dCPRSSRAD A GhRIVEY SO ARG Y BUS & DD PHEHRL1Y
for example, formation by 37 F-P07108TR(SG) mechanical cutting Wlth

an
atifgZcman.a Filkeomstiedafipreparingithe netishingdaygrned thinmg
refift 2 029 Rded 2 SReaiisa SYHERE AN BEe (Y BRIRR %Q%%ii%&‘iﬁ'”

with a pressing plate having a specific surface shape, formation by

pHositHagRisde tsraingsbhigknessthy melissr dndafhandrayosystesar
"G?tyﬁmlig%ﬂéﬁl'aé%eim tea N\ oRECHL é&@t?ﬂ%%%ﬂ{aﬁﬂ%% a

thickness of a po |sh|ng layer, but a thickness thereof is about 0.8 to 4 mm,
prapltigving a cavity o predetermined thickness and curing the

resin, a method of using coating techniques and sheet molding
techniques, etc.

The scatter of the thickness of the polishing layer is
preferably 100 um or less. When the scatter of the thickness is
higher than 100 pm, large undulation is caused to generate
portions different in a contacting state with an object of polishing,
thus adversely influencing polishing characteristics. To solve the
scatter of the thickness of the polishing layer, the surface of the
polishing layer is dressed generally in an initial stage of polishing
by a dresser having abrasive grains of diamond deposited or fused
thereon, but the polishing layer outside of the range described
above requires a longer dressing time to reduce the efficiency of
production.

As a method of suppressing the scatter of thickness, there is
also a method of buffing the surface of the polishing layer having a
predetermined thickness. Buffing is conducted preferably

stepwise by using polishing sheets different in grain size.
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to 2.5 mm. The method of preparing the polishing layer of this 10 thickness
includes a method wherein a block of the fine-cell foam is cut in
predetermined thickness by a slicer in a bandsaw system &r&plafiagR (SG)
system, a method that involves casting resin into a mold having a cavity of
predetermined thickness and curing the resin, a method of using coating
techniques and sheet molding 15 techniques, etc. The scatter of the
thicknesAop thishiblighpagl lafdhie ipreéartioly bidygaisar besa. Mindndkbe of a
scatier. of the thickness_ is_higher than 100 am, large undylation is caused to
oERLEng TS AR eSSl B R o R oning
20 thus dbverculhivinahsed (mishiog dayedtenstipsenbatssi\iothe scatter
OLH‘a%g'%ﬁ‘é%? Qféﬁ“%l‘i’é"ﬁq{‘s%ﬁk’gi g]ee sudqge g&;%qogqlgs%hgpqs'ayer S
dresse genera‘fly In an inttial stag o? oﬁshlng by a dresserhaving abrasive
greqsivé diformatisping ddth fplaaiatityreord matifespitighirhicdyereiitsiade

OHQ%{ e 8%%‘15%139,@@.%%%3%&#9%%?é%sﬁ%twggst%f%d“Ce
the efficiency of production. As a method of‘suppressing the scatter of
tmel_them,menglgm aqﬁe#ﬁctgcﬁm@ﬁiﬂy_mfm&mﬁ@pbﬁgm”ngelayer
haYIEgeth PSS HEHDIARE dNHIE Fa U S P R BB Sh BT BRI AR ey
stepwise by using polishing sheets different in grain Size. 38

FrefErsogTtis enifosoiliyimf she orieddnbanophiest sEeotishinginate of
2pRaligh _iéyﬁﬁﬁp&r%&‘{f‘}‘i&?esﬁﬁﬁl-égﬂﬁfﬁ@i%%&%ﬂfdﬁlﬂﬁ@ 28,

sheet (cushion layer) compensates for characteristics of the polishing layer.

Twailgsarifarpitys i5 isapreved b tbginharanterisbing ahdhmicnshipn

V!Q'f@ﬁfemé Jiaiasl elptprsiua i eNP pblasiily wiarsfaflatpessale
pattern region upon polishing an object of polishing having fine
invention is preferably softer than the polishing layer.

The material forming the cushion layer is not particularly
limited, and examples of such material include a nonwoven fabric
such as a polyester nonwoven fabric, a nylon nonwoven fabric or an
acrylic nonwoven fabric, a nonwoven fabric impregnated with resin
such as a polyester nonwoven fabric impregnated with
polyurethane, polymer resin foam such as polyurethane foam and
polyethylene foam, rubber resin such as butadiene rubber and
isoprene rubber, and photosensitive resin.

Means for adhering the polishing layer to the cushion layer
include: for example, a method in which a double sided tape is
sandwiched between the polishing layer and the cushion layer,
followed by pressing.

The double sided tape is of a common construction in which
adhesive layers are provided on both surfaces of a substrate such
as a nonwoven fabric or a film. It is preferable to use a film as a
substrate with consideration given to prevention of permeation of a

slurry into a cushion sheet. A composition of an adhesive layer is,
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unevenness generated upon pattern formation, and uniformity refers to the
uniformity of the whole of an object of polishing. 10 Planarity is improved by
the characteristics of the polishing layer, while uniformity i$'irRproveirby five
characteristics of the cushion layer. The cushion layer used in the polishing
pad of the present invention is preferably softer than the polishing layer. The
material forming the cushion layer is not particularly 15 limited, and
efanetesgile, cf maidilet rrchseel adbesives minlacryticchased pdhesive
"ORWRYSRIE0rG, 2 IVIoR agONeDfRARURS"81 ATHIGROBUOER [AF Fu &
nonwoven fabric |mpr5§nate With fesin- such as a poﬁ/ester nonwoven
falfrc coptegrtacdchvatial jolysy dihavieiglo lyomsidesintioanisgiveas Since
°QpSRURIAG YDA eavEiR e AL i asel il apduiacione
rubber an oprene rubber, and photosensitive resin. Means for adhering
tropupiokitipkizom grcbuobher|ddfeireitdeoiopesitiane, arenadantad

. ; : i o lishi
A EELG SRR IPE fayRin U BUIEMAEH Hp U MY
conahin adhesintidnticestofthedrespactiyeradhesins e om tsole
SHH_ﬁ?&%ﬁff’oW@%ﬁi’&Q&% a nonwoven fabric or a film. It is preferable

to use a film asS a “substrate with consideration given to prevention of
permeatidrpolisBing padieb thelstven tissemay be proviseds withdhesive

lyshbie 3PP LIFOSHRES a5 8RO Ad WhiRIzASES 2dgpiye, an

acrylic-based adhesive or the like. An acrylic-based adhesive is preferable

bAsdhe douhle sidedotapa: &f tAPRIOHAsCOMMAM eonstatation sy bs.
S ﬂmliﬁ@'ﬂga@uséﬂiédﬁﬁ@mﬂsedéwﬂi{@&i@ﬁé&ﬂf,f‘ifg&}i'@e‘ﬁ on

composition from each other, different compositions are adopted in

rbidcshafagsspfa spbstsrtpubftsstibeosiebitio the fos\earmple, a

nonwoven fabric or a film is used. Preferably used is a film as a
substrate since separation from the platen is necessary after the
use of a polishing pad. As a composition of an adhesive layer, for
example, a rubber-based adhesive or an acrylic-based adhesive is
exemplified. Preferable is an acrylic-based adhesive because of
less of metal ions in content to which consideration is given.

A semiconductor device is fabricated after operation in a
step of polishing a surface of a semiconductor wafer with a
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 shown in Fig. 1,
with a polishing platen 2 supporting a polishing pad (a polishing
layer) 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
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enable adhesive forces of the respective adhesive layers to be adjusted to
proper values. A polishing pad of the invention may be provided with a 10
double sided tape on the surface of the pad adhered to a pfatéf.” S tHe(SG)
double sided tape, a tape of a common construction can be used in which
adhesive layers are, as described above, provided on both surfaces of a
substrate. As the substrate, for example, a nonwoven fabric or a film is used.
Pleieaiinonted mmathiem pelishing ptatats 2Arge adhearatigntherpaldetplaten is
necessary after the use af lishing pad. As.a compaositjon of an esive
SRS AL WEubIE SR RTNIC ES pRARITBHI 7 AT S
epohighing Iadmbike idispasedisdhibad thibgunlisbéngusadol ksd the

phiag wasriodbet tihalisbing pecd
o s P SR A

seaﬂboqmgmmmmwﬂead ptil!;hiwgmivh gedany &hefﬁkzénduc}t&r- w#er,
9§P§£ %%%&iﬁl?x%‘ﬁ’%ﬁeés%%@% %%52% A 3pdArpy %2%3%1%

are stacked. No specitic limitation IsSTmpose polishing method
sprlisdrisgcrardybits instapldfidhany tpp eelishingihsslidifirgjde . pcPruring

R A e PR A T

hag#inss thepolighing padel avhilsatkmpohisking platsplydngnd tdiorm

Ppoithe P A0Sk B S a0l d ASURANREEI2OEM ﬁiaas@]%'éi'ﬁeg agent
3. The polishing pad 40 F-P07108TR(SG) 1'is mounted on the polishing
plimeit stigmimplreed @pal flowaaptehthrshanyoi pdishingload a
PRLEN A e €20 thE oROHRI TSR SR P AP tiP RS ER RN AL e r,

polishing pad 1 and the semiconductor wafer 4 supported or held by them
oppuskenreapEcPesbh adiasta provided with respective rotary shafts 6 and

7.A Protrusions on the surface of the 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.

Examples

Description will be given of the invention with examples,
while the invention is not limited to description in the examples.
[Measurement and Evaluation Method]
(Measurement of Number-Average Molecular Weight)

A number-average molecular weight was measured by GPC (a
Gel Permeation Chromatography) and a value as measured was
converted in terms of standard polystylene molecular weight, and
the apparatus and conditions in operation were as follows:

GPC apparatus was an apparatus manufactured by Shimadzu

Corp., with Model Number of LC-10A.
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pressure mechanism for pressing the semiconductor wafer 4 to the polishing
pad 1 is installed on the polishing head 5 side. During polishing, the
semiconductor wafer 4 is polished by being pressed againsttHe/peRsHingc)
pad 1 while the polishing platen 2 and the 10 polishing head 5 are rotated
and a slurry is fed. No specific limitation is placed on a flow rate of the slurry,
a polishing load, a polishing platen rotation number and a wafer rotation
number, Golicm asetvpeéreadjsett dn Anctassivemen theesermesof the

sgmigapdugior %ferp“gi’“%éﬁ Qﬁ%%%%{@d%g and B li%}ileg}ﬂr%t%:bé)lumns

Breafter, & semiconducior device 1s produced therefrom through dicing,
berediein paokagirijoatintheding iRIngelid daviaad 5000A) (PLagdlnBtic
processaqr mor . 20.Examples ription will be given of the
ir#blgnﬁgral vt\ln he a?nnp¥e@%i\/§rﬁ}é ﬁ?%lﬁm\?el}l%%rﬁs ot limited to description in
the exantpl8ow]édgswasnbi axld Eimluation Method] (Measurement of

Number-&v&;g%%ll}é%%w?@gﬁ%p m%,’ilA number-average molecular weight

was measure ation Chromatography) and a value as
measurefnvigjestioarguantitynwas 4Qndard polystylene molecular weight,

and the APPSR qg%%cg}%%rg %(%Bfgg%n were as follows: GPC

apparatus was an apparatus manu y Shimadzu 30 Corp., with
Model Néniriugmtovas tetralrydgof@smR(SG) Columns that were used in

MR SRS IR © P WS SIAARGIHERI MY e URE WéRi plgries Co., In

which three columns were in connection including (PL gel, 5 m and 500 A),
(Silipone-based Pwafastantd (PL gel, 5 gm and 50 A). 5 A flow rate was 1.0

mi/min. A weight-average molecular weight of a silicone-based
surfactant was measured by GPC and a value as measured was
converted in terms of a standard polypropylene glycol molecular
weight, and the apparatus and conditions in operation were as
follows:

GPC apparatus was an apparatus manufactured by Shimadzu
Corp., with Model Number of LC-10A.

Columns that were used in measurement were PLMixE
(manufactured by Polymer Laboratories Co.), in which were two
columns were in connection.

A flow rate was 0.7 ml/min.

A concentration was 0.3 wt %.

An injection quantity was 40 pl.

A column temperature was 40°C.

An eluent was tetrahydrofuran.

(Measurement of EO/PO)

A molar ratio (EO/PO) between ethylene oxide (EO) and

propylene oxide (PO) in a silicone resin, which is a copolymer of a

polyalkylsiloxane and a polyether contained in a silicone-based
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A concentration was 1.0 g/l. An injection quantity was 40 pl. A column
temperature was 40C. An eluent was tetrahydrofuran. 10 (Measurement of
Weight-Average Molecular Weight of Silicone-based Surfactai#ty A08TR (SG)
weight-average molecular weight of a silicone-based surfactant was
measured by GPC and a value as measured was converted in terms of a
standard polypropylene glycol molecular 15 weight, and the apparatus and
ceudfaotant,opaesatieaseredby WMERs: GFAICNRAREIA0&San apparatus
anufagtured by. Shi ith Mode Number of LC-10A. Columns
{E el%eaﬁglelaﬁé% eraB%Egg?[Egvelyv V‘E?[_'W'lxl‘:a 70} (manu?a'élturecF By Polymer
Lappaa:ﬁﬂmﬂrﬂ)alsmhmmm@m&mmm dlssthezﬂlon A flow

W ne tipn % lection quantity was
4 ﬁ? iggi\mnﬁénrhre ar‘%%er%%’e%v?as 4%%96 452 uentw tetrahydrofuran.
(Measweeneen b ico@do nsmae suich Rbde @nbreeusmdatpkd muoshir of
( ) ilicon i ich i, a.c of a
BT SEMERERUGE wald sfA S e I Wite @< SE0YES0
Fdegrees ARG pwisdauaitiitinge wesiseftetioby.AMec . FTEQYIRODPXSI00S

(r@mlgfﬂg&qu};g %ﬁi&g]@l\g\@% J§g.Rs a measurement apparatus

and a silicone-based surfactant issolved in chloroform to prepare a 2

wt % solBRARR 5 §RHhpteP2 — PS)/4]/(P2/3)
, wherein P1, P2 and PS5 are determined by H in the following

structure formula.

CH3 /CH3 \ /CHS \ C|:H3
CHs —S|— S|—O | S|i—CH3
CH3 \CH3 \ X / CHs
a ‘ b
O

—éCH2—CHZ—OHTH—CHZ—OHCHZ—TH—oée—R

CHs CHs

, wherein in the formula, X is an alkylene group, R is H or an alykyl
group. Note that an ethylene oxide group and a propylene oxide
group may be either of a block structure or of a random structure.

P1 is an integral of H (3.0 to 4.0 ppm) of -OCH2- group and
-OCH- group.

P2 is an integral of H (in the vicinity of 1.1 ppm) of C-CH3
group.

PS is an integral of H (in the vicinity of 0.45 ppm) of Si-CHa-
group as Si-X group.

(Measurement of Content of Polymerized Diisocyanate)

A content of polymerized diisocyanate was calculated from
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5 Measurement conditions were such that an accumulated number of times
of measurement was set to 64, a pulse angle was set to 30 degrees and a
pulse wait time was set to 1.0 sec. EO/PO was calculated Uskiy/tHeSfolloRfing
equation. EO/PO = [(PI - P2 - P5)/4]/(P2/3) 10 , wherein P1, P2 and PS are
determined by H in the following structure formula. CH3 CH3 CH3 CH3
CH,-Si-0ii-O Si SiCH3 CH3 CH3 X CH3 ab O-CHz CHz O-)--{i H-CHz
CGBlel huth bét-Bid Bag el Invliecailamvwiedgbtnasian Haisure dlayl €kRCGyeoud, R is
H_ar an alykyl roup..Note that a lene.oxide grou d a propylene
YR e HRLR O NG ER PR BRI R AN B RNEY
aaneactatiothe(®6ficand pheni ppa@aiii8-agrd graditiaxGHagppepatidns an
integral of H.(in the vicinity of 1.1 ppm) of C-CH3 20 group. PS is an integral
oﬁﬁq‘ﬁnat gﬂ)\}licﬁ‘rﬁtsy of 0.45 ppm) of Si-CH2- group as Si-X group.
(MeasurérR$happ@uatustwiPelyappaedtDisoryantactwredrbynSbimadzu

pelé/ g{i&ﬁ%ﬁgﬁ&%@\%@i Qf@Ae.d from 43 F-P07108TR(SG) the

number-average molecular weight as measured by GPC and converted in
terms of @elumascth@Gwavtcuskd ireigleaswiemenk wese te dedrons

il I35 ARRRSH SRR RN LP0S mlﬁ{fdﬂﬁ’& Yebo A BHeYEs. @1 gel, 3

apparatus was an apparatus man by Shimadzu
um and mix E).

A flow rate was 0.7 ml/min.

A concentration was 2.0 g/1.

An injection quantity was 40 pl.

A column temperature was 40°C.

An eluent was tetrahydrofuran.

(Measurement of Average Cell Diameter and Standard Deviation)

A manufactured polyurethane resin foam was sliced with a
microtome cutter into measurement samples each with the
thinnest possible thickness of 1 mm or less. A surface of a sample
was photographed with a scanning electron microscope
(manufactured by Hitachi Science System Co. with a model number
of S-3500N) at a magnification of x 100. An effective circular
diameter of each of all cells in an arbitrary area was measured with
an image analyzing soft (manufactured by MITANI Corp. with a
trade name WIN-ROOF) and an average cell diameter and a
standard deviation were calculated from the measured values.

(Measurement of specific gravity)

Determined according to JIS Z8807-1976. A manufactured
polyurethane resin 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 a
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Corp., with Model Number LC-10A. Columns that were used in measurement
were two columns in connection, manufactured by Polymer Laboratories Co.
(PL gel, 3 gm and mix E). 10 A flow rate was 0.7 ml/min. AcohéehtatioRsc)
was 2.0 g/l. An injection quantity was 40 pl. A column temperature was 40C.
An eluent was tetrahydrofuran. 15 (Measurement of Average Cell Diameter
and Standard Deviation) A manufactured polyurethane resin foam was sliced
witnep erecrotencd Q312°0tamdeahuemiditysafmPR%La26 wilbetnsu thmneastt
pOSSIb|e tlac r%gasbof l1lsrprr1n Qr sl_)eses i surfgg;ztof (ﬁ)e cluas photographed
with & scannlng electron nitcro opelfog(rm L%a ure Eiftachi Science
Syamﬁotmedahyl(ﬁmiminbe@coﬂ&%oom at a magnification of x 100.

rcr%a sfiameier of each of all cells in an arbitrary area was
asureﬁér antlgmage%anaﬁ yzing soft (manufactured by MITANI Corp. with

a trade memmﬁ)mdeﬂltﬁatneﬁSaﬁﬁ%S% Eard
ML TR SR WERIEIE G

peiputthickaessirmtbitrany) ovasuhedaenaosampie o1 nrersErement of

(RIGAIRSSs ARE AN HIS16 8D arA RN P BN HE 'BEA! élafnfg’ SREqHl
gravity and left for 16 hours in an environment of a 44 F-P07108T ?SG)

terf BSH272 and3pBumddityunfiG0 et B%005A4. thetimenafnt was
CM‘?QQ\QH?'%&W@Q'%%Q{WJW A DAL IBER P e hRIQAILATbE

Co.,Ltd). (Meastrement of hardness)
6 mm or more. A hardness meter (Asker D hardness meter,

manufactured by Kobunshi Keiki Co., Ltd.) was used to measure
hardness.
(Evaluation of polishing characteristics)

The prepared polishing pad was used to evaluate polishing
characteristics by using a polishing apparatus SPP600S
(manufactured by Okamoto Machine Tool Works, Ltd.). An about 1
um thermal-oxide film deposited on an 8-inch silicone wafer was
polished by about 0.5 um, and polishing rate was calculated from
the time of this polishing. The thickness of the oxide film was
measured by using an interference film thickness measuring
instrument (manufactured by Otsuka Electronics Co.,Ltd). During
polishing, silica slurry (SS12 manufactured by Cabot) was added at
a flow rate of 150 ml/min. Polishing loading was 350 g/cm?2, the
number of revolutions of the polishing platen was 35 rpm, and the
number of revolutions of the wafer was 30 rpm

For evaluation of planarizing characteristics, a 0.5 um
thermal-oxide film was deposited on an 8-inch silicone wafer and
subjected to predetermined patterning, and then a 1 pym oxide film

of p-TEOS was deposited thereon, to prepare a wafer having a
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5 Measurement is conducted according to JIS K6253-1997. A manufactured
polyurethane resin foam cut out in a size of 2 cmx2 cm (thickness: arbitrary)
was used as a sample for measurement of hardness and [EftF8r 183TUrSGn
an environment of a temperature of 232C and a humidity of 50%5%. At the
time of 10 measurement, samples were stuck on one another to a thickness
of 6 mm or more. A hardness meter (Asker D hardness meter,
npertéaatund thog K dhvithiah diffda e litd lewek a0 pumeadthés laafiress.

Gl pipnsl palisinasiemasdsical dpdhe arcparsdpalishingigad was
uSed ® evaltate polishing” characteristics By using a polishing apparatus
S B g neachi atififerd hgeCiinnlnvtl MasmeaSooed/bokevaldadté\n about

1 rmal-oxide fi ited on an 8-inch silicone wafer was polished
b(/’%@é?ﬁ%%%%{? %%?Sﬁgg'lrate was caI::uIateloII from VZVO theV\t,ime of ![his
polishingFoh plivkrisis g claragkea iliticsatwo ctifferehicg sidindevel were
[ fil ic ring_ inst ayf e t
O e R R R
Glifferenceadddtevel infopattersl hegimgiime® of SAWQ) Jonadinguidethzaad
b Uy ishi 3 d
e o L e IV 2L, N MR S T e
phfiteriding imate ckassmesaaguredym The rathesxstiéfanenggsis qpbabeasinmn

Sy seone WAl AR rRNDIAEIRALO RIS SEIEIN A YRYRHUL S ARFdNEM 2

1 m oxide film 30 of p-TEOS was deposited thereon, to prepare a wafer
hiviwddt i ard spaces T(8G Lpaatanged altermmatelieanta inatternf 0.5

gﬂhx;lim% WAl o¥Bonlis i dvada’ 40a A deisPed s ndiiangeand

after polishing, each difference in level was measured to evaluate
alternately, the abrasion loss of 270 um spaces was measured when
the difference in level of the top of the line in the two patterns
became 2000 A or less. A lower local difference in level is
indicative of a higher speed of flattening unevenness of the oxide
film generated depending on wafer pattern at a certain point in
time. A lower abrasion of spaces is indicative of higher planarity
with less abrasion of portions desired to be not shaved.

Evaluation of in-plane uniformity was calculated in a
procedure in which an 8 inch silicon wafer on which a thermal
oxide film was deposited to a thickness of 1 uym was polished in the
conditions described above to a reduced thickness of 0.5 pm and
the maximum polishing speed and the minimum polishing speed
were obtained from film thickness values at specific 25 points on
the wafer, as shown in Fig. 2, before and after polishing were
measured and the values were substituted into the following
equation. Note that a reduced value of in-plane uniformity means
a higher uniformity on a wafer surface.

In-plane uniformity (%) = {(the maximum polishing speed -
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planarizing characteristics. 5 For planarizing characteristics, two differences
in level were measured. One difference is a local difference in level, which is
a difference in level in a pattern having lines of 270 gm in WidtA &rieE Bpaees
of 30 gm arranged alternately, and this difference in level after 1 minute was
measured. The other difference is an abrasion 10 loss, and in two patterns,
that is, a pattern having lines of 270 m in width and spaces of 30 gm

atteegethittexna tpol hd regpspiese d) Hahie grireod 80 pphishividtkpewtispaces

of 270 gm.arranged .aﬁernatel 'ﬁ’ atlj‘( jon loss of 270 gm spaces was
réﬁgsgge%lv%lerﬁ °e“8| SR ex'lbn g\f‘e g‘qhe top of the line in the two

paiMeasdtcbeenefDOSsAing ISpmelJower local difference in level is
indicative, of a higher speed of. ning unevenn of the oxide. fil
genoratel Sitbenof BEA AL EENEY HORGINETRAY W SRRy
afiressgdowitiacedigrimeiivd fre s$¢tid mapifagtiureditbycdsadiirBimmond
pgartio esi j 13- ifQrmj

COR R s Rl i e YRl ILRRrS P LRI 4
oRiddafiime tea ol YD simil whilehhsings satfatefn WAddpetispedaadiat this
conditi ipessypP a .thi @gﬁﬁ"o

ﬁﬂ%ﬁsgﬁgrgﬁg spegzsa%%’tr{mglr%% golis inégstgﬁe%hggg Wne;?e(é rwas
osediteBPorpAlratidrrases xetation: npsalirr 28asofet th ihaprrenda

SHEUELIAS Unte RAIQEA L2160 Hﬁliﬁhi“i&‘ﬁ?é%s%?éﬂé%‘ﬁ%s”&%ﬂi@éd

were substituted into the following equation. Note that a reduced value of

ifnoandhisknass values eftibapolighingpad asvareasurrddefone pndhe
ug}fégp@ye@@n:g.{(the maximum polishing speed - 46 F-P07108TR(SG) the
minimum polishing speed)/(the maximum polishing speed + the minimum

pdi@lﬁ%ﬁﬁbée@;}tk&dﬁmt Invention]
Example 1

1229 parts by wt of toluene diisocyanate (a mixture of
toluene 2, 4-diisocyanate/toluene 2, 6-diisocyanate = 80/20), 272
parts by wt of 4,4’-dicyclohexylmethane diisocyanate, 1901 parts
by wt of polytetramethylene ether glycol with a number-average
molecular weight of 1018 and 198 parts by wt of diethylene glycol
were put into a vessel to cause a reaction in the mixture at 70°C
for 4 hr to obtain an isocyanate-terminated prepolymer.

100 parts by wt of the prepolymer and 3 parts by wt of a
silicone-based surfactant (manufactured by Toray Dow Corning
Silicone Co. with a trade name of SH-192) were put into a
polymerization vessel and mixed and the mixture was vacuum
defoamed at an adjusted temperature of 80°C. Thereafter, the
vacuum defoamed mixture was agitated with agitating blades at a
rotation number thereof of 900 rpm vigorously for about 4 min so
that cells were included into a reaction system. 21 parts by wt of

ETACURE 300 (a mixture of 3,5-bis(methylthio)-2,6-toluenediamine
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(Measurement of Dressing Speed) A surface of a manufactured polishing pad
was uniformly 5 dressed with a diamond dresser (manufactured by Asahi
Diamond Co. with a trade name of M Type #100 in the shape 6f'a €H ke With
a diameter of 20 cm) while being rotated. A dresser load at this time was set
to 450 g/cm2, a polishing platen rotation number was set to 30 rpm, a
dresser rotation number was set to 15 rpm and a 10 dressing time was set to
180dr}) 5Aisaesitiyyl phin)\Ra%-talndatstiamein ¢enishnedactiired dfythe
polishin d ag meas rect%%fore d aft rﬁ; sing. [Exampleg of the First
S e e W S e R
oWwasladied, ihthidbey seactioh onPute diiditearthe re8@BON 3 pares by
oL %éi‘t%ﬂfg&'?QF%Q’EET@S'%‘J?“%%%Qaé%sé?{l%o"gﬁsorﬁx Miid of
polytetramethylene ether glycol with a number-average oecuPar Weltfht of
1028 sype fSastingwessel) dicWiyomdhpyrehetiom m pinineol astclvatlity
C eaction.ind ixtyre at 7 fQr to,obtai °
SRR DRIETINE A Orgn S iR BN dooec for 16,
phrt¢dphtainaa gedynesdthont xasintfoambleghkctured by Toray Dow

Corninglﬁﬂgcg,%%,%%%?% FP@%&“@H&%@E‘I@%L%‘J%P%Q B6°C was

polymerlzatlo mixed and the mixture was vacuum defoamed at

aplingdsvedhenplicsn (momgdectured deAmitegdoing.deishracaradriure
W25ABL16E Va5 WBdaich I"}:J@ﬁ@@_?ﬂyﬁﬂ%s‘i@ﬁﬁ%?fs%%{Qm

vigorously for about 4 min so that cells were included into a reaction system.

mes%thngmésm.%tmﬂtmé%ness of 1.27 mm with a

SR By SO Sy o
a sheet finished to a proper thickness precision. The buffed sheet
was punched to form a circular hole with a diameter of 61 cm to
obtain a circular sheet, and the circular sheet was grooved with a
grooving machine (manufactured by Techno Co.) to form
concentric circular grooves with a groove width of 0.25 mm, a
groove pitch of 1.50 mm and a groove depth of 0.40 mm thereon to
thus prepare a polishing sheet. A double sided tape (manufactured
by Sekisui Chemical Co., Ltd. with a trade name of Double Tac
Tape) was adhered onto a surface on the other side of the polishing
sheet from the grooved surface with a laminator. A corona-treated
cushion sheet (a polyethylene foam manufactured by TORAY
INDUSTRIES, INC. with a trade name of Toray PEF and a thickness
of 0.8 mm) was surface buffed and adhered onto the double sided
tape with a laminator. A double sided tape was further adhered
onto the other surface of the cushion sheet with a laminator to
thereby manufacture a polishing pad.
Example 2

A polishing pad was manufactured in a similar way to that in
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Albemal Co., Ltd.) at a temperature of 70C adjusted in advance) was added
into the reaction mixture. After the reaction mixture was agitated for about 1
min, it was cast into an open mold of a 5 pan type (casting VeB8€el} Odersthe
reaction mixture lost fluidity thereof, it was placed into an oven and post
cured at 100C for 16 hr to obtain a polyurethane resin foam block. The
polyurethane resin foam block heated at about 80C was sliced with a slicer
(Baanipdtu desrith Aine eohc ¢ pdi ot it leatn gl @ Oompla bk 8\f@Ys112%p Wb of
ojtaj y ne tesin foa eets, . Then, a,sheet was sutface byffed
e oAU T R S T el R R
18§ dittdrpgb? dbtainensitianiinshsthmudaupard hykAdse pad Sion LTéd
buffed, sheet was punched to form a circular hole with a diameter of 61 cm to
EF LA P A B SR o Bl WEC IRfead &F
oEDARYREGO0Gcatrmtemperaturg DETMICCHljustiednincadieantres circular
gﬁgpalﬁ%mit%a groove width of 0.25 mm, a groove pitch of 1.50 mm and a
groove depth of 0.40 mm thereon to thus prepare a polishing sheet. A
double sdarplaghifgpadowascn 20ufpdakiedi Dhesintilaowayitevkhat in
URLRARIC L0 e BRed RO ARPIRCHSARIIN S IR PR BG Qb
side of the polishing sheet from the grooved surface with a laminator. A

Hidkilirsariutudtion shieaminodiphepiimathanm manufactisgdr bR AY
ISR e NG i 245 D% e R E BroalifhickBeD). 25 of

0.8 mm) was surface buffed and adhered onto the double sided tape with a
|FFampleAdouble sided tape was further adhered onto the other surface of

the CUShiA'E'g%'i'fs‘ihwg%ﬁ@%ﬁﬂ&lﬁ:ﬂ@iﬁ@dﬂﬁ%@ﬁ%ﬁﬁ@&%ﬂﬂﬂn
Example 2°30 A polishing pad was manufactured in a similar way to that in
4Bxamplecb PritBdhe exception that in Example 1, 25 parts by wt of

3,3’-diethyl-4,4’-diaminodiphenylmethane (manufactured by
NIPPON KAYAKU CO., LTD. with a trade name of Kayahard A-A) at a
temperature of 70°C adjusted in advance was used instead of
ETACURE 300 at a temperature of 70°C adjusted in advance.
Example 5

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 22 parts by wt of
N,N’-di-sec-butyl-p-phenylenediamine (SUMITOMO CHEMICAL CO.,
LTD with a trade name of Sumirizer BPA) was used instead of
ETACURE 300 at a temperature of 70°C adjusted in advance.
Example 6

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 48 parts by wt of
polytetramethylene oxide-di-p-aminobenzoate (manufactured by
Ihara Chemical Industries Co., Ltd. with a trade name of Elasmer
250P, and an average polymerization degree n of 3.2) at a

temperature of 70°C adjusted in advance was used instead of
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Example 1 with the exception that in Example 1, 18 parts by wt of ETACURE
100 (a mixture of 3,5-diethyl-2,6-toluenediamine and
3,5-diethyl-2,4-toluenediamine manufactured by Albemal Co:FOtd10 &fRa(SG)
temperature of 70C adjusted in advance was used instead of 5 ETACURE
300 at a temperature of 70C adjusted in advance. Example 3 A polishing
pad was manufactured in a similar way to that in Example 1 with the
eEGPQURIE 800 Btaantdenpeda paesdfyAOPCfadjusted in advance.
l\k:[\l'-di-s$gﬁ)‘lrj%yt4h4£di en&nodiphenylmethane (manufactured by 10 Dorf
Kefal BREmicals Go. With a trade name of Unilink 4200). Example 4 A
polishingfp polistsing paid crae thammuanturedhina thimniilaEvaypte thaithin

t [ [ | 5.patt f
USSR IS SR RIS U 1, 26 by o
KaA K¢ (Y lenEbis(dtic hlonornilime) dhkayablten,statet at emperature of

70C ad] n (s ed,in f t
AL e VS VRS FRRORO RO,
_rrt&mmmtuddrp& tifaandjuptedha iir_d\m)‘IBkample 1 with the exception that
In Examppg,d. iQﬁﬁ%%?M@BM%QH%Fﬁ%M&P&M%&',?Hé!“e
(SUMITOMO CHEMI CO., LTD with a trade name of Sumirizer BPA)
mmnemhbteeﬁ#emmmmame aubjmﬁpérmaemlmwmwm
afyaPohy E¥RIIRIR enshird g Rarves LNy iRGYIAd i ahilRla Ay

to that in Example 1 with the exception that in Example 1, 48 parts by wt of
pehestmaesulisf shieewmivatitbbenzoate (manufactured by lhara
Chemical Industries Co., Ltd. with a trade name of Elasmer 250P, and an
average polymerization degree n of 3.2) at a 30 temperature of 70C adjusted
in advance was used instead of 49
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F-P07108TR(SG)

F-PO7108TR(SG) ETACURE 300 at a temperature of 70C adjusted in
advance. Comparative Example 1 A polishing pad was manufactured in a
similar way to that in Example 1 with the exception that in Example 1, 26
parts by wt of 5 4,4'-methylenebis(o-chloroaniline) in a molten state at a

ad of ETACURE 300 at a temperature of
ing pads obtained in the examples and

> subjected to a polishing testto 10
istics. In Table 1, there are shown
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CO It Om wN 51 F-P0O7108TR(SG) It was found from the results shown in
Table 1 that an aromatic polyamine with a melting point of 70C or lower is
used as a chain extender to thereby enable a polishing pad with very
uniform, fineras!iethedeffidmbheliesides Ko tiiiar fapd thahdeanolishing
pad is more excellent in a planarization characteristic than a conventional
park fEatin pelysintin Swithchmvelting] peiatefc70 %7 dplow e istusded
4,4'-diphenylmethane diisogg%nate (hereinafter referred to as MDI for short),

398 pshalR srisnaskiathasshicrnahic rgalishine PadwHh XehEge
muorlx?fgll%, fine cells therein to be obtained. It is further found that

the polishing pad is more excellent in a planarization
characteristic than a conventional pad.

[Examples of the Second Invention]
Example 1

578 parts by wt of 4,4’-diphenylmethane diisocyanate

(hereinafter referred to as MDI for short), 378 parts by wt of
polytetramethylene ether glycol with a number-average molecular
weight of 653 (hereinafter referred to as PTMG-650 for short) and
44 parts by wt of propylene glycol (hereinafter referred to as PG for
short) were put into a vessel to cause a reaction in the mixture at
80°C for 2 hr to obtain an isocyanate-terminated prepolymer (A).
100 parts by wt of the prepolymer (A) and 3 parts by wt of a
silicone-based surfactant (manufactured by Nihonunica Corporation
with a trade name of L-5340) were put into a polymerization vessel
and mixed and the mixture was vacuum defoamed at an adjusted
temperature of 80°C . Thereafter, the vacuum defoamed mixture
was agitated with agitating blades at a rotation number thereof of
900 rpm vigorously for about 4 min so that cells were included into
a reaction system. 21 parts by wt of
1,4-bis(p-hydroxyethoxy)benzene (manufactured by Mitsui Chemical

fine Co., hereinafter referred to as BHEB for short) melted at a
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weight of 653 (hereinafter referred to as PTMG-650 for short) and 44 parts
by wt of propylene glycol (hereinafter referred to as PG for short) were put
into a vessel to cause a reaction in the mixture at 80C for 2 tir 43 bbtdin &%)
isocyanate-terminated prepolymer (A). 100 parts by wt of the prepolymer (A)
and 3 parts by wt of a silicone-based surfactant (manufactured by
Nihonunica Corporation with a trade name of L-5340) were put into a

PediRsRtife \(TSE30RNdrivRAABd agRiddéd \Hato ast Headefoamed at
an adjusted temperature of 80C . Thereafter, the vacuum defoamed mixture

wadxtyirste d Afthrative theg ¢ ion suixt woeains agitiage th foeafhsfud 0D npin,
vigorously for about 4 min so that cells were included into a reaction system.

oif Jea% SRhiBto1ar 9868 Mald.0bmean R eagHas mattkd Rsui

emical fine Co.. hereinafter.referred o as BHEB for short) melted at a 52
FBp e R AR SE DR M el e it SRS
QR HEIPHEE AiFedlae FEGETERE AV SHRlEh IBoRARHE chaNR it
was cast into an open mold of a pan type (casting mold). When the reaction
nregirefleshilblbokihereof, it was placed into an oven and post cured at
100C for 16 hr to obtain a polyurethane resin foam block. The polyurethane
resin foafhisiRelwareshane yesia deamndrleckmes ahicpdewitbotaliger of

ane resin foam sheets. Then, a sheet was surface huffed to

pol ureéh S r
(R RFBECEBP PR TS B Y TRES AR SR Rt B e e
I R IR AR LIRSS 58N ARSI PR S

buffed sheet was punched to form a circular hole with a diameter of 61 cm 1o

ohiathieigHlshattuféd Bie LGSR )VE6 BHP¢DT \Bbita 0 wanest

machine to form concentric circular grooves with a groove width of 0.25 mm,

afipishedtoracpdopenthicknesgrpoecidispih ofhdduffed sheet was
punched to form a circular hole with a diameter of 61 cm to obtain
a circular sheet, and the circular sheet was grooved with a grooving
machine to form concentric circular grooves with a groove width of
0.25 mm, a groove pitch of 1.50 mm and a groove depth of 0.40
mm thereon to thus prepare a polishing sheet. A double sided
tape (manufactured by Sekisui Chemical Co., Ltd. with a trade
name of Double Tac Tape) was adhered onto a surface on the other
side of the polishing sheet from the grooved surface with a
laminator. A corona-treated cushion sheet (a polyethylene foam
manufactured by TORAY INDUSTRIES, INC. with a trade name of
Toray PEF and a thickness of 0.8 mm) was surface buffed and
adhered onto the double sided tape with a laminator. A double

sided tape was further adhered onto the other surface of the

cushion sheet with a laminator.
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mm thereon to thus prepare a polishing sheet. A double sided tape
(manufactured by Sekisui Chemical Co., Ltd. with a trade name of Double
Tac Tape) was adhered onto a surface on the other side of & pofiSAiRgSC)
sheet from the grooved surface with a laminator. A corona-treated cushion
sheet (a polyethylene foam manufactured by TORAY INDUSTRIES, INC.
with a trade name of Toray PEF and a thickness of 0.8 mm) was surface
bektaghqned 2dhered onto the double sided tape with a laminator. A double
sided tape was further adhered onto the other surface of the cushion sheet
with a ladipetisld g P20l weaTREE U fackunedd R A sigidlanwpydtwdhat in
manufactured in a similar way to that in Example 1 with the exception that in

cHAPBlS. b Wit g, SRARPHRE hRfoim KRR Lo RAFA GRS
o B 3TE0 SRR GRa R SNARANE S el PR RRBSIAC

C
was used Instead O IN'a molten state ure O*

168G LefaRilf 3 %aa@h%e%#mgae%@mséﬂmmiﬂiww@t

in Example 1 with the exception that in Example 1, 35 parts by wt of an EO
addedt infstiepd STBHAEB R AdRED g fdfnan AlyYempariiurel éd. VINE
trade name of BA-2 glycol) at a temperature of 140C was used instead of
BEf=EMRIE Bolten state at a temperature of 140C. Example 4 673 parts by

wt of MDI, 293, parts by wt of PTMG-650 and 34, parts by wt of PG were put
o & valBPYRRIFE Mafh o CAAERF IR I PR 09S, it 1

ORI ISP WP B UREFIEEL L ARANN H AR 1O A SBE PR UG wt of
manufactured in a similar way to that in
an EO adduct of bisphenol A (manufactured by Nippon Nyukazai Co.,
Ltd. With a trade name of BA-2 glycol) at a temperature of 140°C
was used instead of BHEB in a molten state at a temperature of
140°C.
Example 4

673 parts by wt of MDI, 293 parts by wt of PTMG-650 and 34
parts by wt of PG were put into a vessel and a reaction was caused
in the mixture at 80°C for 2 hr to obtain an isocyanate-terminated
prepolymer (B).

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 100 parts by wt
of an isocyanate-terminated prepolymer (B) was used instead of
100 parts by wt of an isocyanate-terminated prepolymer (A) and
changed from 21 parts by wt of BHEB to 32 parts by wt of BHEB.

Example 5

569 parts by wt of MDI, 371 parts by wt of PTMG-650 and 60
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Example 1 with the exception that in Example 1, 100 parts by wt of an
isocyanate-terminated prepolymer (B) was used instead of 100 parts by wt of
an isocyanate-terminated prepolymer (A) and changed frofr 28 pesTBy 96t
of BHEB to 32 parts by wt of BHEB. Example 5 569 parts by wt of MDI, 371
parts by wt of PTMG-650 and 60 54 F-PO7108TR(SG) parts by wt of
diethylene glycol (hereinafter referred to DEG for short) were put into a

vpages yitvitr ol iRt yde £a\glgd ol (hersihdste i Seriad 2 DPEEIGIN an
isocyanate-terminated prepolymer (C). A polishing pad was manufactured in

ashionkirwere tpubdnito BExvespi] andtla trenckinptivasticavisedimihe 1, 100
parts by wt of an isocyanate-terminated prepolymer (C) was used instead of
180%HEE B BOSCfPiachataobiaimanisgymtrteamipatatie 6 488
partes I%}i v%g;t{éxene diisocyanate (a mixture of toluene

ZPf-oﬂso’c':yana e/toluene 2,6-diisocyanate = 80/20, hereinafter referred to as

TDI-80 1 Yeinfind pRdwaY Wi Hhud SzrEaQ R 30s:hPRT S EoOHITHE in

were put into a vessel and a reaction was caused in the mixture at 80C for 2

hEiaabple hrvit dsn aiectqrtior dohpivp Blxanepde ) 1 A Tat shargspbyl was

manufactured in a similar way to that in Example 1 with the exception that in

ExBaplisecYanaistesminased Peergbirer (Chwrscased jostead @f) was
u instead of 100 parts by wt of an jsocyanate-terminated prepolymer (A)
L BOCRAFRR LY 27h o FAasy BB R (% TSR W oAb
GeRARaksAlvg Example 1 341 parts by wt of TDI-80 (87 mol % relative to a
total isgzyanate component), 76 parts by wt of 4,4'-dicyclohexylmethane

488 parts by wt of toluene diisocyanate (a mixture of
toluene 2,4-diisocyanate/toluene 2,6-diisocyanate = 80/20,
hereinafter referred to as TDI-80 for short), 458 parts by wt of
PTMG-650 and 53 parts by wt of PG were put into a vessel and a
reaction was caused in the mixture at 80°C for 2 hr to obtain an
isocyanate-terminated prepolymer (D).

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 100 parts by wt
of an isocyanate-terminated prepolymer (D) was used instead of
100 parts by wt of an isocyanate-terminated prepolymer (A) and
changed from 21 parts by wt of BHEB to 25 parts by wt of BHEB.
Comparative Example 1

341 parts by wt of TDI-80 (87 mol % relative to a total
isocyanate component), 76 parts by wt of 4,4’-dicyclohexylmethane
diisocyanate, 528 parts by wt of polytetramethylene ether glycol

with a number-average molecular weight of 1018 and 55 parts by
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diisocyanate, 528 parts by wt of polytetramethylene ether glycol with a
number-average molecular weight of 1018 and 55 parts by 55
F-PO7108TR(SG) wt of DEG were put into a vessel to causeROreHetivn (RG)
the mixture at 80C for 2 hr to obtain an isocyanate-terminated prepolymer
(E). 100 parts by wt of the prepolymer (E) and 3 parts by wt of a
silicone-based surfactant (manufactured by Toray Dow Corning Silicone Co.

With SfiDEEGRAEIe PutlihibVieir ssblit® cawstydeedation Vit thlkkantreird
and the mixture was vacuum defoamed at an adjusted temperature of 80C.

TatRRf@fah@ hadabtaivamcitonyanatesteaygiianatediprepodyimeb| ks
at a rotation number thereof of 900 rpm vigorously for about 4 min so that

cells werd QRcRAES PYovst of thshRarpaly Mg Fiand } parts by wt of a

44'-.methaLeneb's 0-chlo oaniline molten at ature 120C.in_advance
RSP AR MR RS PR AP Dow cBrBNE 1

f@inkowel CINWithas cARIEIR MEOSAN1 o) dveire Pat B (§asting mold).
When the reaction mixture lost fluidity thereof, it was placed into an oven and
ppelynierizi tionGréesdban dampbiad andoth e athixtare srafoaachionk. The
polyurethane resin foam block was used to manufacture a polishing pad in a

stteformedtatian adivetadidéempetatarecdf,8@ifle Thersrftier the was

manufactured.in a similar way to that in. Comparative Exampl ith the
YRR REITREETAATOES Ban ARSTSN IR 3% T bR & B eR A¢ 2

MRSl b P é‘é‘t@ﬁ&éoééﬂaﬁ%éﬁgdgi?%q Qb0 P by 4 of

4,4'-methylenebis(o-chloroaniline) in a molten state at 120C. The polishing

PeRlstob 8 apkieliR QuAOR B8t "2 rel FtiBA/dPSERSC26 parts by wt of
4,4’-methylenebis(o-chloroaniline) molten at temperature 120°C in
advance was added into the reaction mixture. After the reaction
mixture was agitated for about 1 min, it was cast into an open
mold of a pan type (casting mold). When the reaction mixture lost
fluidity thereof, it was placed into an oven and post cured at 100°C
for 16 hr to obtain a polyurethane resin foam block.

The polyurethane resin foam block was used to manufacture
a polishing pad in a similar way to that in Example 1.
Reference Example 1

A polishing pad was manufactured in a similar way to that in
Comparative Example 1 with the exception that in Comparative
Example 1, 20 parts by wt of BHEB in a molten state at a
temperature of 140°C was used instead of 26 parts by wt of
4,4’-methylenebis(o-chloroaniline) in a molten state at 120°C.

The polishing pads obtained in the examples, the
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comparative example and the reference example each were subjected to a
polishing test to thereby evaluate a polishing characteristic. In Table 2, there
are shown results thereof. 57 F-P07108TR(SG) Table 2 Averdge Speciff ®
Polishin Local Wea cell ¢ hardnes g speed level r diamete gravity s (A/min)
differenc (A) r (degree) e m (A) Example 1 50 0.87 56 2210 25 243 0O
Example 2 51 0.86 54 2010 30 252 0 Example 3 50 0.87 55 2150 30 250 0
Eeompler4 3003t ATplO 4 A& R Grelersaied lexin ArpleSdah 24630 238 0
Example 6 52 0.86 54 2100 30 251 0 Comparativ 50 0.86 53 2200 25 310 e
esuhjpkted tRefpelisbisE 16¢ 12 thedaly 33k luadmpl@olishingfound
from the results shown in Table 2 that a polishing pad of the invention is

nfhrerastenistif o fahahledothsaeris shewnrasutisitbsrentiionmental

aspect due to being
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halogen free as compared with a conventional polishing pad. [Examples of
the Third Invention] Example 1 484 parts by wt of 4,4'-dicyclohexylmethane
diisocyanate (hereinafter referred to as HMDI for short), 462 Barts 3wt 6F)
polytetramethylene ether glycol with a number-average molecular weight of
1018 (hereinafter referred to as PTMG for short) and 54 parts by wt of
diethylene glycol (hereinafter referred to as DEG for 58 F-P07108TR(SG)
siraBlevere put into a vessel to cause a reaction in the mixture at 8OC for 2
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It is found from the results shown in Table 2 that a polishing

pad of the invention is more excellent in a planarization

characteristic and better in an environmental aspect due to being

halogen free as compared with a conventional polishing pad.

[Examples of the Third Invention]

Example 1

484 parts by wt of 4,4’-dicyclohexylmethane diisocyanate

(hereinafter referred to as HMDI for short), 462 parts by wt of

polytetramethylene ether glycol with a number-average molecular

weight of 1018 (hereinafter referred to as PTMG for short) and 54

parts by wt of diethylene glycol (hereinafter referred to as DEG for
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a sheet was surface buffed to a thickness of 1.27 mm with a buffing machine
(manufactured by Amitech, Inc.) to thereby obtain a sheet finished to a
proper thickness precision. The buffed sheet was punched'tdforaPa Eircafar
hole with a diameter of 61 cm to obtain 59 F-PO7108TR(SG) a circular sheet,
and the circular sheet was grooved with a grooving machine to form
concentric circular grooves with a groove width of 0.25 mm, a groove pitch of

1M ftyrardie Pt depdsseDtddcativdhereastivilif RHRP aiexdwalialing
sheet. A double sided tape (manufactured by Sekisui Chemical Co., Ltd. with

a80i€efor hd ot @litisifl anTalicyelis wiinyrauatetderminiad¢edn the other
side of the polishirglﬁ?sheet from thg‘#rooved surface with a_laminator. A

cBrsRtYERer cddRpastes N SN hs arerelrmenARL S RattsPYSHAY
INDUSTRIES, INC. with a.t f el P d a thick f0.8
I SR e P S A PRV BT 0

mm) was suriace ere es ape wit

laspicine £60Wat a¥psdantaiRS S EIE 1T WAh A WdlEneibce pagace of

the cushion sheet with a laminator to thereby obtain a polishing pad
BxsohydalaAwelghtngf30005 OHaat fdotutetintimadioflarsidey thtiat and
Example 1 with the exception that in Example 1, 23 parts by wt of
AEO§Rehind 0% Q) anepesptdimtory BpiyangFiration vessaland sixed: a
temperature of 100C was used instead of ETACURE 100 at.a temperature of
etRd éggn’fﬁl‘é‘%“ﬁep‘éfﬁ%’r?&ﬂ&wfi AN AN AStRftSRP S 5AHAT S

Bpgniel "’i‘;ﬁ‘ o %Oﬂwﬁ%%ﬁ%nﬁy}fnﬁ&&%c?% 1R Wa¥lagltated

4,4'-diamino 5,5 -tefraethy ethane in'a molten state at a

tepipeafitateh i Wled¥aaseddeateatl ainléz\tRErd8P oFt oD@ FPAIature of
60C.
vigorously for about 4 min so that cells were included into a

reaction system. 14.4 parts by wt of ETACURE 100 (a mixture of
3,5-diethyl-2,4-toluenediamine and 3,5-diethyl-2,6-toluenediamin,
manufactured by Albemal Co., Ltd.) at a temperature of 60°C
adjusted in advance was added into the reaction mixture. After
the reaction mixture was agitated for about 1 min, it was cast into
an open mold of a pan type (a casting vessel). When the reaction
mixture lost fluidity thereof, it was placed into an oven and post
cured at 110°C for 8 hr to obtain a polyurethane resin foam block.
The polyurethane resin foam block was sliced with a slicer of
a band saw type to obtain a polyurethane resin foam sheets. Then,
a sheet was surface buffed to a thickness of 1.27 mm with a buffing
machine (manufactured by Amitech, Inc.) to thereby obtain a sheet
finished to a proper thickness precision. The buffed sheet was

punched to form a circular hole with a diameter of 61 cm to obtain
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60 F-PO7108TR(SG) Example 4 A polishing pad was manufactured in a
similar way to that in Example 1 with the exception that in Example 1, L-5421
(manufactured by Nihonunica Corporation with a weight-average iimdlecutar
weight of 3150, OH at the terminal of a side chain and EO/PO = 100/0) was
used instead of SH-193, which was a silicone-based surfactant. Example 5 A
polishing pad was manufactured in a similar way to that in Example 1 with

theaxeapipshieet|andathel & ircullaz ¥hde t(Has gesoved Withosyroewing
Corning Silicone Co. with a weight-average molecular weight of 3500, OH at

theaehinetoffersieareemtrid E¢udar geovew adthhadgneasel width of

SH-193, which was a silicone-based surfactant Example 6 A polishin gp
w2R aﬁma@t&@?’ﬁeal’éﬁﬁﬁa?%ﬂ& mmR png >@a&ﬁﬂ8‘1 ‘g

that in Exam Iel arts wt of GUR (a pixtur
3’%’8‘,5 ASatrit t&r%?}/l (¢ a po 1@11 Eh Q@ REBBI sidea

hIO) e and

%%@SM&Q%&&WS@W@E%WVGQM wheMakfLyel d.) at

a temperature of 60C was used instead of ETACURE 100 at a temperature
ohafie bkDopkie Paeoape) wad adisered wnctutesunfacinointhepthérat
in Example 1 with the exception that in Example 1, 25 parts by wt of
4sidgiohthe polighing shaet fromshsg/igroesiodsugfase mialsf

gL R O TR S

manufactured by TORAY INDUSTRIES, INC. with a trade name of
Toray PEF and a thickness of 0.8 mm) was surface buffed and
adhered onto the double sided tape with a laminator. A double
sided tape was further adhered onto the other surface of the
cushion sheet with a laminator to thereby obtain a polishing pad
Example 2

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 23 parts by wt of
4,4’-diamino-3,3’-diethyl-5,5’-dimethyldiphenylmethane in a
molten state at a temperature of 100°C was used instead of
ETACURE 100 at a temperature of 60°C.
Example 3

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 20.9 parts by wt
of 4,4’-diamino-3,3’-5,5’-tetraethyldiphenylmethane in a molten
state at a temperature of 100°C was used instead of ETACURE 100

at a temperature of 60°C.
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Example 8 A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 30 parts by wt of
4,4'-diamino-3,3'-5,5'-tetraisopropyldiphenylmethane in a motieh’ 59aertss )
temperature of 120C was used instead of ETACURE 100 at a temperature of
60C. Example 9 A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 40 parts by wt of
PElieipreedhylene oxide-di-p-aminobenzoate (manufactured by Ihara
Chemical Industries Co., Ltd. with a trade name of Elasmer 250P and an
average papgalishingopadbyias wiaiafactunesitin assimian vayptodthat dh
120C was used instead of ETACURE 100 at a temperature of 60C. Example

1BHapymehgvath the srsqation thet inFxamplsy o3 # A Example 1
ith th i hatin E | S824- f Nih i
RS RSO SRS & SOE 00 (WA BBt g e

orporation wi eight-average m ar weig , alCo

ahibelCamaiPe Yl dpe e drias ehd EGMR a1 HIUNwetHasd Wsiead

of SH-193, which was a silicone-based surfactant. Example 11 A polishing
PEOYRO maada) redsmacsinnaterl of SHt 119 3Hhivly #28TR(SG)
Example 1 with the exception that in Example 1, SZ-1712 (manufactured by
NiHdeoRR-PTmdsrarfact@nta weight-average molecular weight of 4310,
alcoxyl groups at the terminals of all the side chains and EO/PO = 81/19)
V\%%E‘Sjei%tead of SH-193, which was a silicone-based surfactant.

Compar%@oﬁéﬂmepltd was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, SF-2937F
(manufactured by Toray Dow Corning Silicone Co. with a
weight-average molecular weight of 3500, OH at the terminal of a
side chain and EO/PO = 75/25) was used instead of SH-193, which
was a silicone-based surfactant.

Example 6

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 17 parts by wt of
ETACURE 300 (a mixture of 3,5-bis(methylthio)-2,4-toluenediamine
and 3,5-bis(methylthio)-2,6-toluenediamine manufactured by
Albemal Co., Ltd.) at a temperature of 60°C was used instead of
ETACURE 100 at a temperature of 60°C.
Example 7

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, 25 parts by wt of

4,4’-diamino-3,3’-diisopropyl-5,5’-dimethyldiphenylmethane in a
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341 parts by wt of toluene diisocyanate (a mixture of toluene
2,4-diisocyanate/toluene 2,6-diisocyanate = 80/20), 76 parts by wt of HMDI,
528 parts by wt of PTMG and 55 parts by wt of DEG were put intoC8 Ve4S&)
to cause a reaction in the mixture at 80C for 2 hr to obtain an
isocyanate-terminated prepolymer. 100 parts by wt of the prepolymer and 3
parts by wt of a silicone-based surfactant (manufactured by Toray Dow

Galottén StisenatCe teiipariad fenaME2TCHrhS U ¢ eriliteldD T

polymerization vessel and mixed and the mixture was vacuum defoamed at
aR BALURE 0P atatite o808t Tre fh@7Cthe vacuum defoamed mixture
was agitated with agitating blades at a rotation number thereof of 900 rpm
VIEERABRe Br about 4 min so that cells were included into a reaction system.
26 parts 4 4'-m Ienebls hloroa |l|n melted at tem er tu e.of
120C in a(R/airll%elwgspa {natﬁ(gfr‘;a%: on&m|xture ﬁer I ey rgac or?

r@ﬂ&fﬁﬁﬁ@&%i@{eﬂl@eﬁbe%ﬂomIfhgtvvﬁsmmim an m?xmglﬂ Yha Ran

type (casting mold). When the reaction mixture lost fIU|d|ty reof, It was

péde diiaim hinoe 868’ <81% Post raisep raipkl d(ph o Byihmiethlaae ia poipaRdwmne
resin foam block. 63 F-PO7108TR(SG) The polyurethane resin foam block
wiiatsad o tampgratwee 9HadRMEwarusedsinstead9fiETACHRE QB
1. Comparative Example 2 387 parts by wt of toluene diisocyanate (a mixture
ot ERPEIAEHES ?/Eﬁgteqtoluene 2,6-diisocyanate = 80/20), 549 parts by
m@g&ﬁ}%@and 64 parts by wt of DEG were put into a vessel to cause a
reaction in the mixture at 80C for 2 hr to obtain an isocyanate-terminated

prepolyneipdASHIRESPRaW ¢ i Rifackiired dndaddiaiitak)wilyotd that in
silicone-based surfactant (SH-193) were put into a polymerization
Example 1 with the exception that in Example 1, 40 parts by wt of
polytetramethylene oxide-di-p-aminobenzoate (manufactured by
Ihara Chemical Industries Co., Ltd. with a trade name of Elasmer
250P and an average polymerization degree of 3.2) in a molten
state at a temperature of 120°C was used instead of ETACURE 100
at a temperature of 60°C.
Example 10
A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, S824-02
(manufactured by Nihonunica Corporation with a weight-average
molecular weight of 3700, alcoxyl groups at the terminals of all the
side chains and EO/PO = 100/0) was used instead of SH-193, which
was a silicone-based surfactant.

Example 11

A polishing pad was manufactured in a similar way to that in
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vessel and mixed and the mixture was vacuum defoamed at an adjusted
temperature of 80C. Thereafter, the vacuum defoamed mixture was agitated
with agitating blades at a rotation number thereof of 900 rgmRAgerOBER/ fisr)
about 4 min so that cells were included into a reaction system. 17 parts by wt
of ETACURE 100 heated at 60C in advance was added into the reaction
mixture. After the reaction mixture was agitated for about 1 min, casting

tExaet plesitiet intharerpeptividtaht PAERDS plasiingzaeir2 only to fail
to do so because of an excessively fast reaction. Reference Example 1 A
pbistiudastavedshyNiliaaunigd anCospoitation witha welghtrpreragsth
the exception that in Example 1, a quantity of the silicon-based surfactant

RO IGEHAF B S8 LahE B InAIGHHLSHIRRERS thb RS I L she
E le 264 F-P S lishi d ina.
EAIE 2,60 EROKIORIR(SE) AdINg LYY BR PRV EH W dion

ar way to ample exception In Example I, a

OwaRtity Giithen SileRadasatatdatctant was altered to 30 parts by wt from the
original 3 parts by wt. The polishing pads obtained in the examples, the

cOongatiatiexEzpmplhel 1he reference examples each were subjected to a
polishing test to thereby evaluate polishing characteristics. In Table 3, there

are showdfrb Rastshyiave ef|talenesliispryapate) (3 mxmrejefl O~ 0~

ooa%ooqrirlflco0 wWwW
to uoene 8,4-dﬂsocyanate/ toluene 2,6-diisocyanate = 80/20), 76

parts by wt of HMDI, 528 parts by wt of PTMG and 55 parts by wt of
DEG were put into a vessel to cause a reaction in the mixture at
80°C for 2 hr to obtain an isocyanate-terminated prepolymer.

100 parts by wt of the prepolymer and 3 parts by wt of a
silicone-based surfactant (manufactured by Toray Dow Corning
Silicone Co. with a trade name of SH-193) were put into a
polymerization vessel and mixed and the mixture was vacuum
defoamed at an adjusted temperature of 80°C. Thereafter, the
vacuum defoamed mixture was agitated with agitating blades at a
rotation number thereof of 900 rpm vigorously for about 4 min so
that cells were included into a reaction system. 26 parts by wt of
4,4’-methylenebis(o-chloroaniline) melted at temperature of 120°C
in advance was added into the reaction mixture. After the
reaction mixture was agitated for about 1 min, it was cast into an
open mold of a pan type (casting mold). When the reaction
mixture lost fluidity thereof, it was placed into an oven and post

cured at 110°C for 8 hr to obtain a polyurethane resin foam block.
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a polishing pad in a similar way to that in Example 1.

Comparative Example 2

387 parts by wt of toluene diisocyanate (a mixture of
toluene 2,4-diisocyanate/toluene 2,6-diisocyanate = 80/20), 549
parts by wt of PTMG and 64 parts by wt of DEG were put into a
vessel to cause a reaction in the mixture at 80°C for 2 hr to obtain
an isocyanate-terminated prepolymer.

100 parts by wt of the prepolymer and 3 parts by wt of a
silicone-based surfactant (SH-193) were put into a polymerization
vessel and mixed and the mixture was vacuum defoamed at an
adjusted temperature of 80°C. Thereafter, the vacuum defoamed
mixture was agitated with agitating blades at a rotation number
thereof of 900 rpm vigorously for about 4 min so that cells were
included into a reaction system. 17 parts by wt of ETACURE 100
heated at 60°C in advance was added into the reaction mixture.
After the reaction mixture was agitated for about 1 min, casting
thereof was tried into an open mold of a pan type (casting mold),
only to fail to do so because of an excessively fast reaction.
Reference Example 1

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, a quantity of the
silicon-based surfactant was altered to 0.03 parts by wt from the
original 3 parts by wt.

Reference Example 2
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d4)4)4)04)4)4)dOQ-0O.ib..di Hwwwwww Huu dada,Co 66
F-PO7108TR(SG) It is found from the results of Table 3 that polishing pads
of the invention are more excellent in planarization charactéristic’ ‘@R (5G)
besides, also more excellent in an environmental aspect as compared with
conventional polishing pads. With a specific 5 silicone-based surfactant used,
a polishing rate and in-plane uniformity can be improved. [Examples of the
Fourth Inxgséshingopadavad 208 Mafis byred dhieluanRtidiisaajpiatedat in
mixture of 10 toluene 2, 4-diisocyanate/toluene 2, 6-diisocyanate = 80/20,
hBreimafily lefeitbdtizecexroptionithat 26 Examsple Wt of anantity of the
urethane-modified polymerized 1,6-hexamethylene diisocyanate (including

ssiligopdasethiuriartong, wps plsesadail Pavishyort fromaths of an
isoc%?nuia:{e 'gptes gan factured by Nippon 15 Polyurethane Industry Co.,
atr

LEd it X:

e name of COLONATE HX), 1954 parts by wt of
polytetrappthySheitie paicdniagiriaai i katdpias, RhY G for short)

with a number-average molecular weight of 1018 and 188 parts by wt of
dadhyjena tive @xdmisie afind e rrefeieasdexamphhoaiole et into a
vessel to 20 cause a reaction in the mixture at 70C for 4 hr to obtain an
isominciediémareedishingotpsicto\thereby aainate Relishing DI (in wt
ratjo) was 17/83. 10Q part t of the prepalymer and 3 par s%?ly wt of a
FERFRCHSEI oM LEPIA- S YT K8 AR g SR s
C&;gp*g@ with a trade name of L-5340) were put into a polymerization
vessel and mixed and the mixture was vacuum defoamed at an adjusted

temperature of 80C. Thereafter, the vacuum defoamed mixture was agitated
with agitating blades at a
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F-PO7108TR (SG)

rotation number thereof of 900 rpm vigorously for about 4 min so 30 that cells
were included into a reaction system. 26 parts by wt of 67 F-PO7108TR(SG)
4,4'-methylenebis(o-chloroaniline) (hereinafter referred to as MOCA for
short) melted at a temperature of 120C in advance was added into the
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Example 2 1063 parts by wt of TDI, 471 parts by wt of COLONATE HX, 30
1885 parts by wt of PTMG and 181 parts by wt of DEG were put 68
F-P07108TR(SG) into a vessel to cause a reaction in the md&Urelat76CSor
4 hr to obtain an isocyanate-terminated prepolymer B. Note that COLONATE
HX/TDI (in wt ratio) was 31/69. A polishing pad was manufactured in a similar
way to that in 5 Example 1 with the exception that in Example 1, the
isocyanale-iefoinadety ore pdignre s @l tsasfUBable Steha Opibkishing pads of

isqQcyanate-terminated prepolymer A and a.mixi antity of MOCA was
R e R s
pand besitdes Tals@ 18qrarsxeellent QOLD BRTiEdixhenthl GEPecttahy wt

of PTMG ts by, wt of.D re put Jdnto sel to ea
ré:é)clﬁyr? 1|-n %Qg}rﬁl%xgﬁé%%@éﬁglr Rﬁwﬁ%ﬁqg tg:%dgh is%’gge?naats -?e%ri‘rﬁlgnated
pséliotymecb@sedosutfae ttm € os @ Ao Hsting (atetanddnplase/s50. A

pmiﬁpg}glﬁ wm}a{mﬁc&wg& in a similar way to that in Example 1 with

the exception that In Example 1, the isocyanate-terminated prepolymer C
wdExampilestefdtbetRoustle\laventian]inated prepolymer A and a mixing
qgﬁg%ﬂ; 40 MOCA was altered to 28 parts by wt from the original 26 parts
by wt. Example 4 A polishing pad was manufactured in a similar way to that

in Examb%oﬁw_iﬂﬂﬁé’ﬁmé_émﬁ)mnﬁ EME?Q& (famixtuxe of 25 a

e e S e 0l
hereinafter referred to as TDI for short), 253 parts by wt of an
urethane-modified polymerized 1,6-hexamethylene diisocyanate
(including 42 wt % of a trimer, 27 wt % of a pentamer and 13 wt %
of a heptamer of an isocyanurate type, manufactured by Nippon
Polyurethane Industry Co., Ltd. with a trade name of COLONATE
HX), 1954 parts by wt of polytetramethylene ether glycol
(hereinafter referred to as PTMG for short) with a number-average
molecular weight of 1018 and 188 parts by wt of diethylene glycol
(hereinafter referred to as DEG for short) were put into a vessel to
cause a reaction in the mixture at 70°C for 4 hr to obtain an
isocyanate-terminated prepolymer A. Note that COLONATE
HX/TDI (in wt ratio) was 17/83.

100 parts by wt of the prepolymer and 3 parts by wt of a
silicone-based nonionic surfactant (manufactured by Nihonunica
Corporation with a trade name of L-5340) were put into a
polymerization vessel and mixed and the mixture was vacuum
defoamed at an adjusted temperature of 80°C. Thereafter, the
vacuum defoamed mixture was agitated with agitating blades at a
rotation number thereof of 900 rpm vigorously for about 4 min so

that cells were included into a reaction system. 26 parts by wt of
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Co., Ltd. with a trade name of ETACURE 300) was used instead of MOCA
(27 parts by wt) melted at a temperature of 120C in advance. 30 Example 5
69 F-P07108TR(SG) A polishing pad was manufactured irf aBimillatwayse)
that in Example 2 with the exception that in Example 2, 49 parts by wt of
polytetramethylene oxide-di-p-aminobenzoate (manufactured by lhara
Chemical Industries Co., Ltd. with a trade name of Elasmer 5 250P and an
adetdgn etdlylesizbiis(o ddjmeah ditle) fsarsddafiste ast fef id D €\ (8 MREA
by wt),melted at a t erature of 120C i ce. Example 6 1173 par
iR e L RPR A atire SLIRE S B ey SR
disbtethearedsSion Mnit tuirene Aft2 xtlé oéactiomamixtand Whsvagitated

SO BB e R e I B P S T B B i
atmhstinganold) WWiaCthe ceagtiontmixtageclastcluddity dhstieofy ihe

) tor 4 : ) Y
N B Rk I AR KL30 LR I Tt TR B
manglar@tméuang wsiinfoam tbl_mds-in Example 1 with the exception that in
Exampleq, (hg,, QBgrﬁ?ét?@%iﬂafﬁgxﬁrﬁﬁ’g 34ae 4oce %rﬁ@%i‘i Lge

20 isocyanate-terminated prepolymer A. Example 7 1169 parts by wt of TDI,
2uithaarshoent (mponfactured by-Aoxiterih\inae with @ madel3snymbe o f

AdFRpEw2T ) %%ﬁ‘tﬂi‘i"&a%ﬁ%'}g&&i‘i’é Ye QR REHPOR AR DipiRli, tyPe,
25 manufactured by Sumica Bayer Urethane Co., Ltd. with a trade
sheet was surface buffed to a thickness of 1.27 mm with a buffing

machine (manufactured by Amitech, Inc.) to thereby obtain a sheet
finished to a proper thickness precision. The buffed sheet was
punched to form a circular hole with a diameter of 61 cm to obtain
a circular sheet, and the circular sheet was grooved with a grooving
machine (manufactured by Techno Co.) to form concentric circular
grooves with a groove width of 0.25 mm, a groove pitch of 1.50 mm
and a groove depth of 0.40 mm thereon to thus prepare a polishing
sheet. A double sided tape (manufactured by Sekisui Chemical Co.,
Ltd. with a trade name of Double Tac Tape) was adhered onto a
surface on the other side of the polishing sheet from the grooved
surface with a laminator. A corona-treated cushion sheet (a
polyethylene foam manufactured by TORAY INDUSTRIES, INC. with
a trade name of Toray PEF and a thickness of 0.8 mm) was surface
buffed and adhered onto the double sided tape with a laminator. A
double sided tape was further adhered onto the other surface of the
cushion sheet with a laminator.
Example 2

1063 parts by wt of TDI, 471 parts by wt of COLONATE HX,
1885 parts by wt of PTMG and 181 parts by wt of DEG were put
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name of Sumijul N-3200), 1947 parts by wt of PTMG and 187 parts by wt of
DEG were put into a vessel to cause a reaction in the mixture at 70C for 4 hr
to obtain an isocyanate-terminated prepolymer E. Note that N-B3200?TBI i)
wt ratio) was 20/80. 30 A polishing pad was manufactured in a similar way to
thatin 70 F-PO7108TR(SG) Example 1 with the exception that in Example
1, the isocyanate-terminated prepolymer E was used instead of the
idmtyaaatesseintoatatpeepobaceioh fxdhg m Bkbul@S8tT2OCHforwdohT Db,

5 arts by.wt of polymerized 1.6-hexame Ien?\#iis nate (of a
R S B A B, A e
I"SREONAT ELK WP dimawtt ratin) SR IJEATE HL as a 75% ethyl

acetate splut .178 rts b fPT 72. by w .
were put (# %’r%{g%lg\}gsggﬁé %Stﬁ‘\gt‘éq?é%%%%ﬁﬁﬁ%é n%h%?#éa’txfécg o?ﬁ%rlt%
oBeamplésboyitintheancentibprébakimcERamptetAattiBOL ONATE

(T (1 Wt fatio) . . ishi [n a similar
b e A A LT DR
idsopyanateteimisatad migpriymenAland manizing grantity of

[ - ' r i iy .Qf
B B Bk MU A e
Ewample 1 20 1229 parts by wt of TDI, 272 parts by wt of
%—gﬁiﬁpgexylmethane diisocyanate, 1901 parts by wt of PTMG and 198
parts by wt of DEG were put into a vessel to cause a reaction in the mixture

at 70C fob82npastsohyrivetnofsDBJafA9-mantm bE Wirep GARENATE HX
and 1678 parts by wt of PTMG and 161 parts by wt of DEG were put

into a vessel to cause a reaction in the mixture at 70°C for 4 hr to
obtain an isocyanate-terminated prepolymer C. Note that
COLONATE HX/TDI (in wt ratio) was 50/50.

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, the
isocyanate-terminated prepolymer C was used instead of the
isocyanate-terminated prepolymer A and a mixing quantity of
MOCA was altered to 28 parts by wt from the original 26 parts by
wt.

Example 4

A polishing pad was manufactured in a similar way to that in
Example 2 with the exception that in Example 2, 21 parts by wt of
a mixture of 3,5-bis(methylthio)-2,4-toluenediamine and
3,5-bis(methylthio)-2,6-toluenediamine (manufactured by Albemal
Co., Ltd. with a trade name of ETACURE 300) was used instead of
MOCA (27 parts by wt) melted at a temperature of 120°C in
advance.

Example 5
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25 A polishing pad was manufactured in a similar way to that in Example 1
with the exception that in Example 1, the isocyanate-terminated prepolymer
G was used instead of the isocyanate-terminated prepolymiePA aritbamixng
guantity of MOCA was altered to 30 parts by wt from the original 26 parts by
30 wt. 71 F-P07108TR(SG) Comparative Example 2 1350 parts by wt of TDI,
2053 parts by wt of PTMG and 197 parts by wt of DEG were put into a
vessel tol’c@mﬁshimegqmm Mmminfaetan'é'dﬁﬂcn dimilaohtay tnthat in

ERARE R L A ) o e By e
|WmﬂtmmdeEpHmmomwmméactured by

b
S SRR R TR Lok W SRR TARE AR
aaﬁqnzapdrtybyweg@ Bolymeizatiomslegressofftd &du&emuee@tmtnaﬂe

A e AR o S Rl S I s

naghwgncired in a similar way to that in Example 1 with the exceptlon that in
Eﬁﬂg}ﬁlﬁﬂ: dhe isocyanate-terminated prepolymer | was used instead of the
isocyanate-terminated prepolymer A and a mixing quantity of 20 MOCA was

altered td 23 paarts/ byt wérafDdigA8 parpaky byt wf pekypsisizied pads
O BIRAUHR RYRHR 8By R 2t 95 HH Ve, SR BEMERCBIFE % of a

suﬁjected to a polishing test to
pentamer and 11 wt % of a heptamer of an isocyanurate type,

manufactured by Sumica Bayer Urethane Co., Ltd. with a trade
name of Sumijul N-3300), 1943 parts by wt of PTMG and 187 parts
by wt of DEG were put into a vessel to cause a reaction in the
mixture at 70°C for 4 hr to obtain an isocyanate-terminated
prepolymer D. Note that N-3300/TDI (in wt ratio) was 20/80.

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, the
isocyanate-terminated prepolymer D was used instead of the
isocyanate-terminated prepolymer A.

Example 7

1169 parts by wt of TDI, 297 parts by wt of polymerized
1,6-hexamethylene diisocyanate (55 wt % of a trimer, 22 wt % of a
pentamer and 11 wt % of a heptamer of a burette type,
manufactured by Sumica Bayer Urethane Co., Ltd. with a trade
name of Sumijul N-3200), 1947 parts by wt of PTMG and 187 parts
by wt of DEG were put into a vessel to cause a reaction in the
mixture at 70°C for 4 hr to obtain an isocyanate-terminated
prepolymer E. Note that N-3200/TDI (in wt ratio) was 20/80.

A polishing pad was manufactured in a similar way to that in
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thereby evaluate polishing characteristics. In Table 4, there are 25 shown
results of the evaluation. 72 F-P07108TR(SG) Table 4 Averag Specifi D
Polishi Local Wea Dressin e cell ¢ hardne ng level r g speéd Fdidmietigravit)
ss speed differen (A) (m/mi er y (degree (A/min) ce n) (m s) (A) Example 1
54.5 0.86 54 2150 25 290 5.0 0 Example 2 53.3 0.86 54 2200 25 2905.2 0
Example 3 53.8 0.86 54 2180 25 295 6.4 0 Example 4 48.5 0.86 54 2260 25
2Baxdn3ple Bxawitlicth & 2xcedhdn 140 i2bEenple(LE theple 6 53.5 0.86

514 ZgSO 25t2- 56.0. 0 Exam Ieo 52&?&89:?4 22e3 25 285.5. Example
agey g e Aol PR ol & wak el imiesi 1 15500 4.0
visOcyaaatscté rduinatediipsé Bodydb 342090 30 290 4.2 ve O

Example 8

1058 parts by wt of TDI, 582 parts by wt of polymerized
1,6-hexamethylene diisocyanate (of a trimethylolpropane adduct
type, manufactured by Nippon Polyurethane Industry Co., Ltd. with
a trade name of COLONATE HL as a 75% ethyl acetate solution),
1788 parts by wt of PTMG and 172 parts by wt of DEG were put
into a vessel to cause a reaction in the mixture at 70°C for 4 hr to
obtain an isocyanate-terminated prepolymer F. Note that
COLONATE HL/TDI (in wt ratio) was 29/71.

A polishing pad was manufactured in a similar way to that in
Example 2 with the exception that in Example 2, the
isocyanate-terminated prepolymer F was used instead of the
isocyanate-terminated prepolymer B and a mixing quantity of
MOCA was altered to 24 parts by wt from the original 27 parts by
wt.

Comparative Example 1

1229 parts by wt of TDI, 272 parts by wt of
4,4’-dicyclohexylmethane diisocyanate, 1901 parts by wt of PTMG
and 198 parts by wt of DEG were put into a vessel to cause a
reaction in the mixture at 70°C for 4 hr to obtain an
isocyanate-terminated prepolymer G.

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, the
isocyanate-terminated prepolymer G was used instead of the
isocyanate-terminated prepolymer A and a mixing quantity of
MOCA was altered to 30 parts by wt from the original 26 parts by

wt.
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example 2 Reference 59.6 0.84 55 2050 30 310 10.5 example 1 0 It is clear
from the results of Table 4 that polishing pads of the invention using a
polymerized diisocyanate and an aromatic 5 diisocyanate a5 i88é¢yagae(sc)
components each are improved on dressability while a planarization
characterization characteristic and a polishing speed are maintained. Since,
with the polishing pad used, a dressing time can be shortened, a fabrication
eCioraparative Braomgplet@ wafers can be dramatically increased. 10 73

CLAIMS polis%i pad hayi azch# hing layer mad
polyurethlfjlaseﬁ&?ﬁ o%t%ﬁ ng?r%f %qé ce sﬁﬁéﬁ%‘fﬁ ¥’ \I\‘/'h‘grfae?n(i:gl;rI]11 @i iéoacl;gn% e7
cpaytsitontwivoi PEG veevenpidrinito aavesselr ¢thenaseegirdaatipis in the
PONISHZCSSEYRNAP AN DA Ae isoevanals 2. T poshing

pa accorcﬁng to claim 1, Wheremn the ﬂflpglyu?’e &ne resin foam 1s a
reaeilsomexiBroduct of an isocyanate-terminated prepolymer containing a

poneriﬁegggrﬁgl%?ﬁﬁat&% ﬂaﬂ%ﬂ%@ﬁfﬂﬁqwg‘% i‘ﬂ&hw@a @H]that in

extender. Ing pad according to claim 1, wherein a weight 15
r&rampbnttiwithithe syorption dhatcinEramplenk dhenatic

dl?&%&ﬂﬁ’t‘%1%4%%&@@8%?&{{81914{319 ﬁfﬁﬁéﬁé‘?&r‘i‘ﬁﬂﬁgﬁ%ﬂtﬂ‘e

polishing pad according to ¢laim 1, wherein the polymerized diiscyanate is a
pisioeianatestiprminatipd arenalym@nAd the aromatic diisocyanate is

1R iSO RRNRE1e 1 T he polishing pad according to claim 4, wherein the
polymerized aliphatic diisocyanate is a polymerized hexamethylene
diisocyarfadd. parts by wt of TDI, 1352 parts by wt of COLONATE HX,

1476 parts by wt of PTMG and 142 parts by wt of DEG were put
into a vessel to cause a reaction in the mixture at 70°C for 4 hr to
obtain an isocyanate-terminated prepolymer I. Note that
COLONATE HX/TDI (in wt ratio) was 68/32.

A polishing pad was manufactured in a similar way to that in
Example 1 with the exception that in Example 1, the
isocyanate-terminated prepolymer I was used instead of the
isocyanate-terminated prepolymer A and a mixing quantity of
MOCA was altered to 29 parts by wt from the original 26 parts by
wt.

The polishing pads obtained in the examples and the
comparative examples each were subjected to a polishing test to
thereby evaluate polishing characteristics. In Table 4, there are

shown results of the evaluation.
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25 6. The polishing pad according to claim 1, wherein the polymerized
diisocyanate is an urethane-modified polymerized diisocyanate. 30 740 7.
The polishing pad according to claim 1, wherein a specificiyravity 6 fHe(SG)
polyurethane resin foam is in the range of from 0.5 to 1.0. 5 8. The polishing
pad according to claim 1, wherein the polyurethane resin foam is in the
range of from 45 to 65 degrees in Asker D hardness. 9. The polishing pad
atabideidyy to claim 1, wherein the 10 polyurethane resin foam contains a

Silicone-based AxrgpiCspedaciant v e ragasml Tomoedl> OWEhWiDEeddin
The polishing padétcording to cladhewherain a |drassilg speed thgrgafda
n the range ofdiames.5 graGtgm/mes. 15 Ispekdabriddfenemetbdld pfiam/mi
semiconductpr dé&¥ice |incl¥iding Klegspeof BYBHMg a sGface |of a n)
semiconductor W Using a p !ierﬁhg | laim 1. 20 75
Example 1 | 54.5 0.86 54 2150 25 290 5.0
0
Example 2 | 53.3 0.86 54 2200 25 290 5.2
0
Example 3 | 53.8 0.86 54 2180 25 295 6.4
0
Example 4 48.5 0.86 54 2260 25 285 5.3
0
Example 5 52.7 0.86 54 2160 25 290 5.4
0
Example 6 53.5 0.86 54 2250 25 285 6.0
0
Example 7 52.9 0.86 54 2230 25 285 5.8
0
Example 8 51.9 0.86 54 2140 25 295 5.7
0
Comparati 55.0 0.85 53 2010 30 300 4.0
ve 0
example 1
Comparati 54.8 0.85 53 2090 30 290 4.2
ve 0
example 2
Reference 59.6 0.84 55 2050 30 310 10.5
example 1 0

It is clear from the results of Table 4 that polishing pads of

the invention using a polymerized diisocyanate and an aromatic

diisocyanate as isocyanate components each are improved on

dressability while a planarization characterization characteristic

and a polishing speed are maintained. Since, with the polishing

pad used, a dressing time can be shortened, a fabrication efficiency

of semiconductor wafers can be dramatically increased.

73




10

15

20

25

30

CLAIMS

1. A polishing pad having a polishing layer made from a
polyurethane resin foam having fine cells therein, wherein an
isocyanate component, which is a raw material for a polyurethane
resin foam, is a polymerized diisocyanate and an aromatic

diisocyanate.

2. The polishing pad according to claim 1, wherein the
polyurethane resin foam is a reaction-cured product of an
isocyanate-terminated prepolymer containing a polymerized

diisocyanate and an aromatic diisocyanate with a chain extender.

3. The polishing pad according to claim 1, wherein a weight
ratio in content of the polymerized diisocyanate and the aromatic

diisocyanate is in the range of from 1/99 to 65/35(former/latter).

4. The polishing pad according to claim 1, wherein the
polymerized diiscyanate is a polymerized aliphatic diisocyanate

and the aromatic diisocyanate is toluene diisocyanate.

5. The polishing pad according to claim 4, wherein the
polymerized aliphatic diisocyanate is a polymerized hexamethylene

diisocyanate.

6. The polishing pad according to claim 1, wherein the
polymerized diisocyanate is an urethane-modified polymerized

diisocyanate.
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7. The polishing pad according to claim 1, wherein a
specific gravity of the polyurethane resin foam is in the range of

from 0.5 to 1.0.

8. The polishing pad according to claim 1, wherein the
polyurethane resin foam is in the range of from 45 to 65 degrees in

Asker D hardness.

9. The polishing pad according to claim 1, wherein the
polyurethane resin foam contains a silicone-based nonionic

surfactant in the range of from 0.05 to 10 wt %.

10. The polishing pad according to claim 1, wherein a

dressing speed thereof is in the range of from 4.5 to 10 ym/min.
11. A fabrication method of a semiconductor device

including a step of polishing a surface of a semiconductor wafer

using a polishing pad according to claim 1.

75 °





