; €3e0- d6. T&F- P03026TB(SG r DESCRI PTION POLYURETHANE COVPCOSI TI ON AND
POLI SHI NG PAD 5 10 15 20 25 Technical Field The present invention rel ates
to a pol yurethane conposition and a nmethod of producing the sanme. The

pol yur et hane conposition of this invention is utilized for | ses
such as a polishing pad. The polishing pad can be utilizggpyﬁbkf%§¥}ning
processing of nmaterials requiring surface flatness at high level, such as
optical materia n optical leas and a refl ecgti Lrror, a
silicon wafer, mwﬂam mmmw trate for a hard disk, an gmwmﬁm%MW@MH%trate’
and general netal. ln particular glirsat Ng pad o ion is
useful in a processG flatteni n&%géﬁqpég%fer or a deUp%e* havi ng an

oxi de | ayer, a . L r process of
flattening a si %@&UlmA%&iﬁﬁ%@@%ﬁ%ﬁﬁﬂ&gﬁan oxi de

| ayer and a netal |ayer. Background Art Typical materials requiring surface
flatness at high level include a single-crystal silicon disk called a
silicon wafer for producing sem conductor integrated circuits (1C, LSI).
The surfatechbniealFigldi con wafer should be flattened highly accurately in a
process of producing IC. LSI etc., in order to provide reliable

sem cénduct or chhedmesemd imyentiopaiglatestoryp thane composiddor6TB( SO
manuf acturing the circuits. In the step of polishing finish, a polishing
pad i s gewnda hye%hqmofcprqﬂuqimm@amppog‘hmgommtbamed a pl aten,
whil e a workpi ece such as a sem conductor wafer is stuck on a polishing
head. Bp compesitiaxd of this inyveatieh dsiutilized fordvirioysnuvest suclvaisveen t he
pl aten and the polishing head while polishing slurry having abrasive grains
i s continpolishyng yal.i €Thepolishinyg pald can (bedntilizead iedlatteniagi ng
processing. As the polishing pad, foamed pol yurethane or the |ike having a
pore struptodessing olintateridlsi &iigiie® sarfice fathessatWighipidled slurry is
used. However, such foaned pol yurethane is poor in surface hardness. A

pol i shi Ngswéal LAY pBikal Ghheetihls Suthhas ah 6pticallens didh-RufmssIre gas or
wat er - sol ubl e pol yner powder dispersed in matrix resin such as

pol yur et ha{ierofSa AEEH PLfer al esghdtahed oo hapd Hisk, and JP- A 2000 7
11b8, 15 has been proposed as the polishing pad used in highly accurate

pol i Shi nGatuilitiiufy BAbSHHR) A gehienafinedlol InSpaitablild, Bt he hol | ow fine
spheres dispersed in pol yurethaiie, and 1s endowed w th hi'gh nodul us of
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Background Art

20, 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

25 semiconductor connections for various coatings used in



" F-P03026TB(SG effect of achieving high nodulus of elasticity is limted
due to the presence of the hollow structure. As is also described in a
book, Toshiro Dohi et al.: Detailed Sem conductor CWVMP Techni ques (in
Japanese), Kogpo Chosakai, page 117 /2000a a hard pad capgyogO%TBZSéurther
inmproving flatness is necessary in consideration of application t eI enment s
i'n the next generation. Further, a polishing pad having finely foanmed or
thermal ly foanmed, fine holl ow spheres di spersed in polyurethane is al so
described in JP-A 11-322877, JP-A 11-322878 etc. In particular, 10 JP-A

11- 322878 propases a_pol.i shing.pad hayin eck.fig, f.i.ne hol.l ow spheres of
finely fo&'ﬁﬁﬂgg?cﬁfépﬁaq#?c“&gﬂgﬁ pgﬁ‘)fb[eg?é%é%ips‘ﬁﬁ%‘@& {Jiﬁé?ﬁi f. However,
such a poli ghin ad .i,s not epdowed w th high ulus of glasticity and
doos not PATSPRLRAISE; Sanerally AESSE o aNARABIR FYPPATtRRE Bitkor « hi o
invention is to provide a pol yurethane conposition capahle of formng a

pol i shi ng c3dkedaplagen. mhliegtwee ecq FRChoAR G SsmdrPaductar wafexdss For
the purpose of inproving flatness, a non-foamed hard polishing pad (for
exanmpl e, stugkovT A pwbﬁgﬂagthﬁ@ bByrevarement of the twes ajrelativeiown in t he
book supra (the sane page supra), however, such a hard polishing pad causes
t he prbbl spesd iscgenetrtedbhetweeposthe platen apst the fpalishing head, wghl,e
non- f oaned polishing pad cannot sufficiently retain slurry abrasive grains
on t he sumpalishisg shorpdiaeinggbrasivegraigsps| ¢antingousiy supplied toot 2 5
desirabl e fromthe viewoint of polishing speed. 3 F- PO3026TB(SG A

pol i shi ng thadpelishirg pad,tcheffece | polishing pogcessing. si ng ri gid solid beads
in place of the hollow fine spheres is anticipated to inprove the fl atness
of the polishi ndAspthile pdliskimghpadafoaased polypretlechd vranaolikieg t he
polishing pad with highly elasticity, the 5 uniformty of a wafer as a

whol e i s daivihgOd Poire strartare having a fankyiqedapable of retaaiing, both
flatness and uniformty cannot be satisfied by nmerely dispersing rigid

beads] suczugpplied ¥xravyeifubéads Howetbe! suéhgonal éd Hidlgupethendqywed with
high elasticity has a serious problem of scratches (scars) of the polished

10 surf ficei:_dﬁr fn WAFdUE hardhess Of Apﬁblﬁﬂhﬁ%fiﬂﬂ faving HBNéw Finesi n form ng
the polishing pad 1s appreciated as descri béd above. "Such pol yuret hane is

produced %ﬁféﬁ@%‘ é(n@égmi%%{l%i épiéw@gkﬁ?dﬁﬁl@ﬁkﬁﬁﬁeeggyﬁ% wth a

chai n ext A 15 om cont ai ni ng chali n exten * such as

4,4' -meth | S 0= i Li i i ' tiyit d di |

regui at co BPARE TEAEH A 8 HhatAR restll flbh BROTIALHERE, gL Y PN Tead 1Y
ol yur et hape ol { shi d ai b i h | or4 ontainin

(F:) ha%/ﬁ ext émec?ézﬁ'ﬂé%& 3“2?%???%%" %8#??°2¥8ﬂg§én%ér é?gssgé‘ggédr@%?%% ns Iuplong
nmb i f dis.t t bl f .th | | i th I
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di I t, f fill . di | . A di ngl ' f. thi

nvent | on AU, PRERA polIIRE RRY sekies aee sBR SRUEPE e form ng a
l'i shi whi,ch 4 F- PQ3026TB(,SG i sfy both fl
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ist id I h . C! iti bei b f. flatn
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by the 5 conventional_ polishing pad, bejng capable of thermal recycling of

the pol i stharsl bycths fine hsﬂpvaﬁagseraﬁgtheﬁ impraving Batnesenvi r onnent .

20 {relationship between the difference in level of a convex in a
pattern in a device wafer and an abrasion loss‘ of a concave in the
pattern by polishing) to a certain extent. For example, IC-1000™
manufactured by Rodel is known as such a polishing pad. The
hollow fine spheres can achieve high modulus of elasticity to a

25 certain extent, but does not satisfy sufficient flatness because its



" Disclosure of Invention 10 The present inventors nade extensive study for
sol ving the problens described above, and as a result, they found that the
obj ects descri bed above can be achi eved by the pol yuret hane conposition
shown below. That is, the present invention relates to alﬂﬁbﬁﬂk?hhﬁﬁe 15
conposition (1) containing solid beads dispersed in pol yurethane,
Characterized in that the polyurethane is a mcrocellular polyurethane foam
having m crocells and the conposition has a storage nodul us of elasticity
at 40C of 270 MPa or nore as measured by a dynam c viscoelasticity

measuring_gevic 0 _l.n the .pol yuret hape i1 an cqnt al ni ng

sol i ds beﬁ&%cﬁiogp%‘?g’eear lpﬁeﬁglﬁnﬁ%@%ﬁ%ﬁ HS e}%@{fﬁﬁ? isnggﬁ{tfén‘,lufaﬁ:@ gfb?i ds
beads are _contai ne s fi spheres in m,crocel. ul | yuret hane foam as
marr 1 x poPSRERasEal e helfor SEEHeRuey BE1 affe desaitell ) A 8P PBw 11 no
spheres dispersed in, pol yurethape is ppor |(n pod f 25 elasticity and
thus i nf ofpshize Dotk fbal:: Defailed ﬁ&nﬁmélaﬁ%%éﬁé @chmméms( Se)
that are not hollow,_ and they are effectiv? is increasing_the nodul us of

el ast i ci t yappoerelpBpgyo.Charakabpage tl bh (2000hea hardpad iqanablgrof he
solid beads dispersed is a mcrocellular polyurethane foam The shape of

t he sdti dfuxthes impreving flatagsstisinecessagyimeansienation ofnd t hey may be
bar-shaped fine particles. As a result, the polishing pad using this

pol yur et hanplicatien ito elements intheonext gengragion.of as i nt ended wor kpi ece.
Because a pore structure cannot be secured when the pol yurethane

conposi tion (1)Fusthef,na polishinigepad hiivwing fiaely foamerd oy ttstrmally t he

m crocel | ul ar pol yuret hane foam having mcrocells is used as the matrix

pol yner . fdwemed,\finethallew spleras dispersexdcial pelyurethsare is alsst ance and
nost suitable as a starting material of the polishing pad. Another major
aspect of destyibed HAEP-AS11BR287FFPVAr 1023228786t d.edirp pusticailapy operti es
15 can be obtained by changing the conposition of its starting materials,
and tihws geLXUl BI3ER87BSpropdsdy & pulishithy padavidlg §pesifi® fide pol i shing
pad. Further, the mcrocellular pol yurethane foam serving as the matrix

pol ymer hagnew ispHerdsCerfinlkly foafited d thdaheallpFodneed &19&?@&& hat of a
pol yur et hane foam having the sane density contalning mcrocells that are

not uni f OHEPJ&J tRét dinl, OAIBW eViek USTEhCa PolisHinyF padGS ot @hdBwWed!r et hane
foam confers high nodul us of elasticity on the polyurethane conposition,

and si nmul “é‘ﬁﬂﬁ S L4 YEes L kning 2 5
slurry su%@?’?gﬁ% t he ﬁ?gﬁling %%g]a#ﬂe ‘??ng%%g délg{f?ﬁtg?%re 6

F- POBOZGTEQ@?)esgs very effective in retaining slurry abrasive grains in the
mcrocellS, 10 Sstabilize the polishing speed, and accordingly, the

L L0 2B e A i

m craocells. The € mcroce of yur et hane

f oam have_an aves,age di aneter..of 70 Ol Less refer.ably 50 umor |ess,
StiT or ROYBI SRS SeRnaiSh apalilerdt Iisind nCpoligRide Bad T L,
average dianeter of 30 . to 40 um referahl e, .Th ol yur et hane

conposi t i ORVEEE %Rgrgﬁﬁ}ﬁ&u’fﬁ)&ﬁ‘&ge gfﬁf"&ﬁ&?ﬁ‘& ﬁ?gﬁg‘xﬂi gh as 270 MPa or
nore at 40C. When the storage mpdul es of sticity of the l.yur.et hane
conmposition is %&strhengﬁrf?%e&mgﬁ?ﬂ% gﬁ%nﬁsﬁt ?é?ﬁﬂ'&°eﬂé$§ga§fii stics are
not achi eved, ,The polishing pad using the pol yurethane conpositjon having
such hi ghPedishiag pad dfex example; §Cn§9°9r'{wyn&%EFfR°%Pdf1P¥1tﬁfé§§{) & shing a
15 wafer for devices, but also useful fox use in glass polishing requiring
a pol3&hi kg peedof Axishowsdn the foak supraj(the spaae pagessuRgabad can ef f ect
polishing stably at high polishing efficiency. The storage nodul es of

el asti ci t poweyenfsuelyayhant patishingpad canses thepsphlem o8O MPa. Al t hough

t he storage
scratches on the polished surface of a workpiece. The non-foamed

polishing pad cannot sufficiently retain slurry abrasive grains on
the surface of the polishing pad during polishing, and is thus not

25 desirable from the viewpoint of polishing speed.



"2 0 nodul es of elasticity is not particularly .limted insofar as it is 270
- - MPa or nore, the storage nodules of elasticity is preferably 400 MPa or
I"ess, nore preferably 350 MPa or | ess. The storage nodul es of elasticity

“refers to the storage nodul es of elasticity of the pol yurethane c?raposition
2 5 (pol yurethane conposition containing solid beads di Sd%?g%(&?@BS )

F- P03026TB(SG therein at 40C as neasured at a frequency of 1 Hz with

si nusoi dal wave vibration by a tensile test jig in a dynamc

vi scoel asticity measuring device. The conditions for neasuring the storage
nmodul us of elasticity are based _on conditions during polishing. 5 That is,
it is said that AdB‘P’r‘ﬁB“b&IH%PH&P“E%“&BH@%@I%EP%XWéé%%ﬁfsdﬂgi nst a
wor kpi ece, both of which are rotating, and this npvenent corresponds to

al nost 1 rigid=selidbeads implace ef theahoHox fine spheres je amticipated
tenperature of the polishing pad is increased to about 40C, and therefore
t he condi todneprave thedflatorss of the polishing pedul Althpughafiatuesy isr e
accordance with the above conditions. Wth respect to neasurenent in a
tensi |l e tbsiprovied by esahowing ¢hegpalishingl paldawitlndighly ielasticity, e a
conpression test give al nost the sane neasurenent result, and thus the
easi ers t ensniifermitst of 2 wdfgt &g a Wwholbdsdieterigratied whegosyoched hane
conposition (1) is preferably O 67 to 090 g/ cnB. Even if the filler effect
of the sopolistdngspad ishiseidiedrBat is, both fiiameiskyarnd udifomlivyr et hane
conposition (polyurethane containing solid beads di spersed therein),

suf fi ci entafin@tAe sdtisfiadibiyumeably dishesfdihy tigidlbeadsheudiadl y att ai ned,
and thus the density of the pol yurethane conposition is preferably at |east

Q67 g Cplly SRy BE8aab! Fudthbfotie PolfstingCpRd daudWeARW el nigwd, a too

hi gh density t he pol yurethane conpoSition I's not preferable in sone

cases fro 3 I,N Ll e Of

e oce | Sddiicity ‘3‘u*rgf“a%%ﬁ%PQ%*a‘“S%P‘?3%?'??3%‘3%‘.‘3@ $6ard) of %épé-h]%osozem( sQ

fromthe BﬁLY&H&LPg%oggngé'.t ion, and thus the density of the pol yurethane
no

conposition Is prefera hi gher than 0.90 g/cnB, nore preferably not

i gher than O Bells blful At RO SLNGIE SOIDRSILLED the! ) Lhe

m crocel | ul ar 57p0l yufet*hane f oam havi ng m Cr oc i y contains a
silicon surfagt.ant _ag.a foamrtegul atog._ Te kX I ligon surfactant as the
Foam r egu PRIBHBRRRS 18 APt A ep ol B Re®yr 'S et hane i n
ProduCt | Op Gt D19 Goatlcda BOhUHIEY B GulfMLS 2dvantageous in

isocyanate-terminated prepolymer with a chain extender. A

15 chlorine atom-containing chain extender such as
4,4’-methylenebis(o-chloroaniline), which is poor in reactivity and
readily regulates curing reaction, is used as the chain extender.
However, polyurethane (polishing pad) obtained by using the
chlorine atom-containing chain extender as a starting material

20 generates dangerous dioxins upon combustion after use and is thus
not capable of thermal recycling (thermal recovery by combustion),
thus raising a problem that there is no method for disposal except
for landfill disposal.

Accordingly, an object of this invention is to provide a

25 polyurethane composition capable of forming a polishing pad which



" 10 mcrocells stably, and the m crocellul ar pol yurethane foam having fine
and uniformecells can be obtained stably w thout deterioration in the
physi cal characteristics of polyurethane. Further, this invention relates
to a pol yurethane conposition (2) containing solid beads giﬁ ersed in

pol yur et hane, 15 characterized in that the solid beads arép‘gﬁﬁ PEHf
swelling with or being soluble in. an agqueous nedium |In the pol yurethane
conposition (2) containing solids beads di spersed therein according to this
i nvention, the solids beads are contained as fine spheres in polyurethane
as matrix polyner_2 0 because the_conventional polishing pad using holl ow
fine sphefaR satisfy; heth flatngss and HM"FE“HS&‘“E camprrdure seratehss.city and
thus inferior_in flatness. The solid beads are beads that are _not holl ow,
and t hey Arstillfether qhject ofithissinvention iHbeRrevidea pelywrethasgte the 2 5
pol yur et hane conposition by the filler effect of the solid beads 9

F- P03026 Tepagyositign beingieapahle offlatness Aimpraovement and spoatehhi ng pad
usi ng this pol yurethane conmposition can inprove the flatness of a

wor kpi eceredisctignt which| ¢anhetide sispulianeguslyca¢hiayed by the being 5

sol uble in an aqueous nedium the solid beads only on the surface of the
pol i sl ngcpadentivialapolishing padyfbeing eapable ofithermalatecyrding of of
swelling in the presence of aqueous slurry, resulting in softening the
surface othé plistingpad d4ftdr vie;aunt beihg ddtchabaifal bftiesé , | at ness and
uniformty can be sinultaneously satisfied. 10 Because the surface of the
pol i shi ngepgikdtmieits softened, the probl em of scratches on the polished
surface cart be solved although the polishing pad of high nodul us of
elasticity is used. In the pol yurethane conmposition (2), the solid beads
may be those capable of swelling with or being soluble in an aqueous 15

medi um  apgs Aoshikre BRSNS Boll €f erably used as the solid beads. In the
pol yur et hane conposition (2), the solid beads may be

10 The present inventors made extensive study for solving the
problems described above, and as a result, they found that the
objects described above can be achieved by the polyurethane
composition shown below.

That is, the present invention relates to a polyurethane

15 composition (1) containing solid beads dispersed in polyurethane,
characterized in that the polyurethane is a microcellular
polyurethane foam having microcells and the composition has a
storage modulus of elasticity at 40°C of 270 MPa or more as
measured by a dynamic viscoelasticity measuring device.

20 In the polyurethane composition (1) containing solids beads
dispersed therein according to this invention, the solids beads are
contained as fine spheres in a microcellular polyurethane foam as
matrix polymer because the conventional polishing pad using
hollow fine spheres dispersed in polyurethane is poor in modulus of

25 elasticity and thus inferior in flatness. The solid beads are beads



"those capable of swelling with or being soluble in an aqueous nedi um and
fine cellulose particles are preferably used as the solid beads. 2 0 In the
_pol yur et hane conposition (2j, the solid beads used are preferably those
havi ng functional groups capable of reacting with polyur%%hane or starting
materi al s of pol yurethane. Wen the solid beads used are "ﬁ%¥@6ﬁ§¢¥ﬁg
f'uncti onal groups capable of reacting with polyurethane as the matrix 2 5
polymer or its materials (starting materials of polyurethane, the 10

F- P03026TB(SG affinity of the solid beads for the matrix polyner can be

i nproved to achi eve higher nmodulus of el asticity. Further, the solid beads
are swol | thatare npt hollow. and;they,azg, ivednincrgasing thet he solid
beads only on the surface of the polishing pad are swollen or 5 dissolved
at the timodulyoef slasticityhaf the pelyursthangcompositionbyithe fidlesr esence
of aqueous slurry, resulting in softening the surface of the polishing pad
so as to pHegljafsthelsplidabeadsidigpersedipiampisgocellubyr polymrethsine cact i ve
solid beads, flatness and uniformty can be sinultaneously satisfied. By
sof t eni ngfedm. s Phashagie ofi¢thelsqlid ibslaidsgispndt lithitest sttietdyoto scbesadhes on
t he surface of a workpiece can be solved al though the polishing pad of high
nodul s o$hepestne thiey amagdse ban-shaperd fine pabtictes.onfhsx tesuit( 2he

pol yphenol havi ng net hyl ol groups as functional groups can be preferably
used as tpelishing pal hsing thieqdlyutethhnd doanpdsition é¢dn ipppsovethane
conposition (2) it is preferable that the pol yurethane does not contain a
chl ori ne fila®fieds ofrart Aténdedworkpivvd., and the solids beads do no contain
a chlorine atomas a constituent elenent. 2 0 The pol yurethane gives a

pol ymer having BeshuSé & pyee EtrubtRfe chntotile sbaiigedwhea POsi tion of
its starting materials, and pol yurethane capable of thermal recycling

W t hout Jgpe @ tHh c@%ﬂﬁ&é&ﬁ'&nﬂﬁ?&'ﬂ&a@ﬁé‘ sQﬁ@ﬂéﬂ&é“?ﬂs?Xxé{ﬂ fg chlorine
atomfree naterials as the starting naterials organic polyisocyanate, a 25

| yol ﬂp‘.{ﬁ M8 5 ly, 11
E?P%gloozg%?% a po %uﬁgﬁg&r@ %%%él} ?ﬂgﬁﬁg%%‘%?g?&t Hgﬁrié a; e)éycl ing can
be obt ai . ! . . . .

ol cront . Bis36edfiEld Pbd 4 G0 tndie SRIVEAEY "Or e BUAIPBLB T BT e
L5 Qer! veth JERTPLERTIR §13k B on B3huE ShABIANA pCON! AN N0 2

chl orine omas an €elenent can be obtal ne y uSI ng yl t hi 0)
aronatic amne aor _the .lik s th hai n_extepder, For example,, JR-A
a7 Siipgimaterial o e hAfiatiREhd CRRPthek Rl EipE oL chai
extender. |ln JP-A 10 11-322877, . however,, the chai,n extender is used for
Chor ovi nyPeRERts e, 13 RBAC S REIYRG BAVIRG APoRRgR Ay MEAIIaPaTtieh dan] o

hol | ow fi ne spheres, a capnot ,sufficiently regul gte the reaction in
produtt | oﬁaﬁfl?‘b& G?“é?‘ﬂgﬂ?egﬂ@)‘?gmg tg‘len%?mr?cf%lﬁ},t‘%ei it starhing peads
swelling with or_being soluble in an aqueous nediumare 15 used as shown in
this i nvemﬂﬁﬂal%@ncftbﬁg pelyarethangispmitakle 9s aematerial fare to the
action between the solid beads and the starting materials of polyurethane
even if tFermingthepolishingqadnai n ext ender described above is used in

the starting materi als of pol yuret hane. The reason for this easy control of
the curing Further, the microcellular polyurethane foam serving as the

matrix polymer has uniform microcells, and has higher hardness
20 than that of a polyurethane foam having the same density
containing microcells that are not uniform. The finely foamed
structure of the microcellular polyurethane foam confers high
modulus of elasticity on the polyurethane composition, and
simultaneously secures a function (pore structure) in retaining

25 slurry supplied to the polishing pad. The finely foamed structure



"2 0O reaction is indefinite but estimated as follows: That is, the solid
beads are capable of swelling with or being soluble in an aqueous nedi um
.and thus the surfaces of the beads can be said to be hydrophilic, that is,
relatively highly polar. Myjor groups involved in the curing reaction, that
is, isocyanate groups and active 2 5 hydrogen groups, ar @'ngﬂﬁm)y pol ar
sites. It is therefore 12 F- P03026TB(SG estimted that the curing
reaction is regulated by the interaction of the surfaces of the beads with
I socyanat e groups and/or active hydrogen groups. The pol yuret hane
conposition (2) is preferably a 5 m crocellular pol yurethane foam

cont ai ni nis pery effedtive inaxetagning steniyt sbrasivengtainsdinl ther pol yur et hane
foam having mcrocells as the nmatrix polyner can secure a pore structure by
its finel micvecellsstostabilize The polishiwg|spewd, poid acebbdimglygaimehas 10

hi gher hardness than that of pol yurethane foam having the sane density,

havi ng n polishlihg spedd i sigwificanitilgrimcréased ianal ptdbidiaed byrtlog ure of the
m crocel | ul ar pol yuret hane foam confers high nodul us of elasticity on the
pol yur et haiiereeellesi M mividcellslposssed by theheracéltildd on (pore
structure) in retaining 15 slurry supplied to the polishing pad. The finely

foameds st putywfétHane e6Ant hhveldy Avictage!diahh 8€eSoE 7O APbRAIEYS, Jrains in
the mcrocCells to stabilize the polishing speed, thus significantly

| ncr easi ”grama%flftsd E&i&r&} 1ed8, BEill AW pFRRGALYY 40 finlid Rsg! | s The

m crocel | S possessed by the mcrocellular polyurethane foam?2 0 . have an

aver age d'@%&%h f J48 aberabt Y 91:#@:% S 49! nor e
preferably umygrmg%ss. l%reﬁgr%glﬁgfq{m crﬁge)gl?s avi nfgz36 an4g eirdage

di aneter gfe30FQrsliem are preferable. Preferably, the pol yurethane
conposition as a storage nodulus of elasticity of 2' 70 MPa or nore at

40C as neasured ' ' th C [ LC 13

- P03026T8( S0 WS PoRETeftiid ol FOARER (L Ha SRR WBAMTUETS 7

conposjition i,s 270 a_por , fficient flarteni chatacteristics are

cohr ok aatiehian gl ani 200 M e ars At PG WAERING SHPHR S oh hi gh

nodul es of elasticity is pot nl sef for flatness pol | shi a waf er

Tor devi csdpiis af elasGehy of she Relsurethans’ combnitid i 1654 Had

pol i shi ng d_of hi nmodul es of .elasticity., The polishing, pad can effect

pol i shing %H&F’ﬁgﬂiﬂﬁ“ﬁﬁ?@?ﬂ’@g& L) Et‘ﬁérgt’%ﬂtaﬁgh% es of

elasticity is preferably 275 MPa or nore, nore preferably 280 MPa. Although
)i‘he polishing pad using the polyurethane composition having suc

high modulus of elasticity is not only useful for flatness polishing a
15 wafer for devices, but also useful for use in glass polishing
requiring a polishing pad of high modulus of elasticity. The
polishing pad can effect polishing stably at high polishing
efficiency. The storage modulus of elasticity is preferably 275
MPa or more, more preferably 280 MPa. Although the storage
20 modulus of elasticity is not particularly limited insofar as it is 270.
- MPa or more, the storage modulus of elasticity is preferably 400
MPa or less, more preferably 350 MPa or less.
The storage modulus of elasticity refers to the storage
modulus of elasticity of the polyurethane composition

25 (polyurethane composition containing solid beads dispersed



" 10 the storage nodul es of elasticity is not particularly limted insofar as
It is 270 MPa or nore, the storage nodul es of elasticity is preferably 400
. MPa or less, nore preferably 350 MPa or |ess. The storage nodul es of
elasticity is as descri bed above. The density of the pol yuret hang
conposition (2) is 15 preferably 0.67 to 090 g/ cnB. Evert T134REPHSD| er
effect of the solid beads is attained at a | ower density of the
pol yur et hane conposition (pol purethane containing solid beads di spersed
therein, sufficient storage nodules of elasticity tends to be hardly
attained, and thus the 2 0 density of the pol yurethane conposition is
pr ef er abl thereind at: 407 @ asgmensunedr at priveauency of 1 Hawith simugaidsl On the
ot her hand, a too high density of the pol yurethane conposition is not
pr ef er abl wave vihraticn by & rtemsilectestejigdona dyfnamlic stisegelpstivitpecause of a
shortage of mcrocells in the surface of the polishing pad produced 2 5
fromthe poéasuringabevicerpdihe comditinns for measuking the stordge 14
F- P03026TB(SG pol yuret hane conposition is preferably not higher than 0.90
g/ cmB, moduhisbfelisticity ahe hHlasedt omrcandidiops dw@ing pdlishing. yur et hane
conposition (2), the mcrocellular polyurethane foam having mcrocells
pr ef ermbl Thetrisaitids said thatrddringr pelishing athe galishingophdtisrpressedi x a
silicon surfactant as the foamregulator previously with starting materials
of pol yur it & woFlopiedd, Both of khithcape ebtating, pald/ thiy Atdvrerhedt i S
advant ageous in producing mcrocells stably, and the mcrocellul ar

pol yur et hagerdsironde toilni b€ 12A2, Wiid L8 tethe fFRtidRaDAkAtL BYAtH{s Stably
wi t hout deterioration in the physical characteristics of polydrethane.

Further, méeﬂaﬂ}&wté%?aaiuw of iR gaﬁgmngaghd ¥ IRErdd<a the

pol yur et hane conposition Further, this invention relates to a nethod

of produchggut 4ol £AG%Hdrdrale RALYIEEAEOES DR TB MW E skbidpe

conmponent contal ning an i socyanate group-contal hi ng conp

CorponeT oSSBT LESIABENY e NAPUSACT B SRBAAISROROMONS
SRR v AR TP A o S
I Y MR TR R U S
surfact anglmsstat deega;’:i:{]g n?gasurement result, and thus the easier tensile
test is adopted.
15 The density of the polyurethane composition (1) is
preferably 0.67 to 090 g/cm3.
Even if the filler effect of the solid beads is attained at a
lower density of the polyurethane composition (polyurethane
containing solid beads dispersed therein), sufficient storage
20 modulus of elasticity tends to be hardly attained, and thus the
density of the polyurethane composition is preferably at least 0.67
g/cm?3, more preferably at least 0.68 g/cm?3. On the other hand, a
too high density of the polyurethane composition is not preferable

in some cases from the viewpoint of polishing speed because of a

25 shortage of microcells in the surface of the polishing pad produced



" 15 F- P03026TB(SG inert gas are stirred to prepare a cellular dispersing
| iquid having the inert gas dispersed as mcrocells, and the cellular
.dispersing liquid is mxed with the renai nder of the conmponent and cured to
produce the pol yurethane 5 conposition (1) or (2j. The p%Qﬂﬂﬁ%%ﬂ&s thod is
preferable for production of the polyurethane conposition ( or F%'
having a microcellular polyurethane foam having mcrocells as the matrix
pol ymer and contai ning solid beads, using a silicon surfactant as a foam 10
regul ator. Best Mdde for Carrying Qut the Invention In the polyurethane

conposi tions ) an 2).containing.splid beads dispersed . th i n according
to this iﬁ?% #&,POESﬂiréfba&ﬂ ?ﬂ*@‘?ﬂ%@%’e?ﬁ&%}“efs{ﬁrgt‘iﬁ%q@ ‘7&{) d froman
organi ¢ polyi socyanate, a pql yol ,conpqund.and a, ¢hai n extender. We

chlori ne-B9 élrﬁaﬁﬁaﬁe?mﬁlsl%éﬂ prefer Faet h,asﬁyr §§@faﬁa§é,g/ﬁﬁ%9’pol yol
conpound and the chain extender are those not containing a chlorine atom as
an el enerinorg preferably B%M%&M%&ﬁ%&‘é‘,n a conpound known in the
field of polyurethane can be used wi thout particular .limtation. The
organi ¢ pol yi sdavthetrolypzethene compositione(l)atbgemieropelld\aranat es such
as 2,4-toluene diisocyanate, 2,6-toluene diisocpanate, 2,2'-diphenyl

net hafe dpobuesthane foam' havisie myicresellstpreferablyseeptainsea silicondi phenyl|
nmet hane dii socyanate, 16 F- P03026TB(SG 1, 5-napht hal ene dii socyanat e,

p- pheny| esvexfdctant psrafeannregelatiorne dii socyanate, p-xylylene diisocpanate
and mxylyl ene diisocyanate, aliphatic diisocpanates such as ethyl ene

di i socyanate, 2T'd@ mnixnm sitidon shefeotantydstbbhedoanncegnirapreviously

1, 6- hexamet hyl ene dii socyanate, and alicyclic diisocpanates such as

1, 4- cpcl chittnetastingannterials of polydireyhhabdnyprodibtion of ithecyanat e,

i sophorone diisocyanate, hydrogenated m xylyl ene diisocyanate and

nor bor nan@igk éSEBHRHBlydFthan@fodrd issadvahtigedis ¥ prddudinge of two or
nore thereof. 10 As the organic polyisocpanate, it is possible to use not

only 1tche ghey¥ScERs GtabRF ohd &%vaﬁe&scsnﬁmu?dﬁy@sthan%)féa&t hhvieg i onal
(trifunctional or nore) polyisocyanates. As The multifunctional isocyanate

CONpoUNdsging éﬁ&irﬁgifei-mdkéﬁ%%éfi{'%eol?&qﬂeh SUBY WPt cuted E£FIBE £tiBh! Y
avai |l abl e as Desnodul -N 15 (Bayer) and Duranat eTM (Asahi Chem cal |ndustry

the' t echrim SReR A SAE I L R ad o Vol compounds
i ncl ude the fol#aﬂr#g%dgggg-i Oleg(ﬂ%&rr gﬂéﬁ&@&%&%&ﬁ&ﬁg polyol 2 0 The

pol yet her polyo ( rexamp pyl ene pol yol s obt ai ned
ot ny| ene g pRRTeich A Penbeiipe oudHaRuRutty Al GRINSeIe. " o)
2t g o1 SprEretetecd iR R BolR YA R s BBt SR L by
addi ng 17being soluble in an aqueous medium.

In the polyurethane composition (2) containing solids beads
dispersed therein according to this invention, the solids beads are
contained as fine spheres in polyurethane as matrix polymer
20 because the conventional polishing pad using hollow fine spheres

dispersed in polyurethane is poor in modulus of elasticity and thus
inferior in flatness.
The solid beads are beads that are not hollow, and they are

effective in increasing the modulus of elasticity of the

25 polyurethane composition by the filler effect of the solid beads



" F-P03026TB(SG butyl ene oxide or styrene oxide to the pol yval ent al cohol s,
and pol ytetranet hyl ene ether glycols obtained by addi ng tetrahydrofuran via
_ring opening polynerization to the polyval ent al cohols. Copol yners using
two or nore of the above-nmentioned 5 cyclic ethers can al so be used. 2

Pol yest er pol pol The pol yester polyol includes polyols sutBO3RE6TB(SG)

pol ycondensati on pol yners of one or nore kinds of glycols such as ethyl ene
glycol, 1,2-propylene glycol, 1,3-propylene glycol, 10 1,4-butane diol,

1, 5-pentane diol, 1,6-hexane diol, 1,4-cpclohexane dinmethanol, neopentyl

gl ycol, 3-nethyl-1,5-pentane diol, diethylene glycol, triethylene glycol
and 1, 4- bilispetsedr bx polyurethines cAs, a zasulfl, therpolishingmadusingr opane,
pentaerythritol or other |ow nolecular polyval ent alcohols with one or nore
ki nds of thispobyuréthane compaosition ginisprovectiie flatneiss eftad, pinelic
acid, suberic acid, sebacic acid, terephthalic acid, isophthalic acid,

di mer aci drorikpdecgenat ed di ner acid or other |ow nol ecul ar dicarboxylic
acids or oligoner acids, or ring-opening polyners of cyclic esters with
propi ol act one, Uspig/thet solid Beads eaphbld of awellihglwiitls @ wedmg| es of the
pol yester pol yol include pol ybutpl ene adi patl ycarboaate pol pol The

pool pcar bgsRiklePill %Al adieblis af eAdhitt; St splidiveddo olily diwlthel sudweap! i fied
as reaction products of polyester glycol such as 2 5 pol ycaprol actone with

al kyl ene Sﬁﬁ:h@“ﬁ&ﬂshi‘ﬂ%% SivellPhY ¢hkDaARé Of PolisKing) IR TR} ¥ t1e! yol
obtai ned by reacting ethyl ene carbonate with a polyval ent alcohol and then
reacting r i s | ] r 1 i j ylic acid,
and t hos ei:{)iﬁ'? aﬁgﬁhgsﬂgsf? Z{f:liée cﬁ%é%grﬁac ?gﬂﬂgfﬁgg%l%ﬁgéﬁ ﬂi(corrpound

with aryl sgﬁfé}f‘m‘ﬁ(%e §u4}z}ébé: E’¥lth%ﬁi))‘ﬂghkﬂﬁy(}?di;é%{#?fﬁglg gﬁ e dpév&an be

made of hydroxya acrylate such as ~I - e,

( 3- hpdr ox y r -, [ - ut yl

bor vl at o SEleRy astelsRs Uit wipapinity WatPke gkl BhSonsy EHNE Y

siml hydr oxyal kpl _10.met h I .acrylid ' oeste of

pol yv en?c‘je:ffla 0 egﬁéﬁaca%og%b%eﬁ’ﬁ,ghﬁé ﬁ%atdn% gﬁh%rs??gge eét éﬁe or simlar
nmet hacrylic id noesters, and acryl ,po] yol. havi ng,taro, or, nore hydroxyl
groups | npﬁﬂgﬂ?ﬂ'ﬂ gﬁﬁ?%“,‘t °ﬂstq%1e 38%@%%?%%"?8 PsRPIVEL L as a
nonoet hyl epi_cal | nsat yur at ed noponer, havi ng .hydroxyl groups, 15 such as
N- et hy| oﬁfto&q%ﬁ#@epe is %mﬁd] empwafﬁ*% ok elastizity is88#d-pol yol ,
tel echelic acryl polyol_ can also be used. The telechelic acrpl polyol is an
acryl polymer chatthepalyusathang compesition {2hdhe)solid herds may be

unsat urated nmononers containing (nmeth)acrylate by an organic

per oxi de- £Basgicapablerst; sweling witheop b@%ﬁéﬂﬁbiﬁ ém aghagnueems conpound
and in the presence of an organic sulfonic acid conpound. The al cohol
conpound meedinm, antheaccrybbeatls arel preferabliousedcas she nolidhendset hanol
etc., and when a nonofunctional alcohol is used as the al cohol compound,
the resul ting aénythepplymrethane composition d2hythe gelidgheags may be
substantially bifunctional, and when diol is used as the al cohol 19

F- P03026 TRh66k capahiencf sweelingswithi oy beinglsalublenin aopagaieousy acti ve
hydrogen groups is substantially tetrafunctional. 5) OQher polyols In

addi ti on, npedivm, axnd ¥irle ceHvloge pairyivles areqprefergpblynaked assthe pol yol ,
epoxy pol yol, pol ybutadi ene pol yol, polyisoprene polyol,

pol yest er spbidbehads. pol yol, acrylonitrile and styrene subjected to vinyl

addition or dispersed therein, urea-dispersed polyol, pol pcarbonate polyol
etc. z@n be usednahd polpdtétdarie cohpositicni(Rpnthdeblid beadPaiseds produced

by condensating these
are preferably those having functional groups capable of reacting
with polyurethane or starting materials of polyurethane.
When the solid beads used are those having functional

groups capable of reacting with polyurethane as the matrix

25 polymer or its materials (starting materials of polyurethane), the

10



" 10 pol yol conpounds wi th p-am nobenzoic acid to convert active hydrogen
groups into aromati c am no groups can al so be used. The nunber-average

_nol ecul ar wei ght of the high-nol ecular polyol is not particularly limted,
but is preferably about 500 to 2000 fromthe viewpoint of the elastic
characteristics of the 15 resulting pol yurethane. \Wen tHhHePA3RReEB(IMer age
mol ecul ar wei ght of the high-nol ecul ar polyol is less than 500, the
resulting polyurethane is a brittle polyner not having sufficient elastic
characteristics, and a pol yurethane conposition polishing pad) containing
this polyurethane as matrix is too rigid, thus causing 2 0 scratches on the
pol i shed afifihitye obfthe selid lieacks for théeuatfinrpolymes wam belipupsdvede i s
easily worn out and thus not preferable fromthe viewpoint of the |ongevity
of the pokosdvhigvedkigher inviivlulscsf Bhisticitien Fulrthen)bRe-solid beadsol ecul ar
wei ght is higher than 2000, a pol yuret hane conposition (polishing pad)

cont ai ni ngré wolleR withyor AidEulvedSinah’ dqusdis et ddms aiid thuaetise!bj ect ed
to 20 F- P03026TB(SG satisfactory flatting processing. As the polyol

conpound, shiial beyd Sl Usm thROswiThe eCofetivé ipdlhialpoNad el §Wollehysst er
pol yol may be used is conbination with the high-nolecul ar pol yol described

above.s 5 {igssividl ¥ Bhe RNV PoHEHinC thutdss alThe €iméoffswelinyg ¢n
t hereof . The chai n extender is™as organi c conpound having two or nhore

active hygha9einUdPst a ﬁ@o@éaéml.r?%, %sﬁﬂ%ﬁ%ﬁﬁtédﬁeﬂ gﬁgasgﬂ{fﬁ&!@%fi ncl ude

a hydroxyl group, a pri y or secondary 1 m no grou 1ol group

(5o SootFPRPAPISa o oh ALPRMINePR AR AR il o1 00

above-descridbed Lownnl ecul ar_pol.yol s iC alicycl]ic.diam,aes such
B 4" IS SRR Rt le ot BBy, nBbatas B bRARAISTS D00
4, 4' - met hyl eagbi s(2,.3-di chl oroaai i ag) and di cpcl ohexyl

et hane. 4645 BF S ARG, RRR=EH o 7 SptheREE thesurface of the

1. 4- bj shydr Qxyet hoxybeazeae am ge H (l.hara Chem cal) and m xylyl eae di ol
(M tsJu(Ei SM°?’<%§“&£ T ?.Prﬂi?gé@ Bﬁéfﬁaé%%ﬂ&%‘ﬁﬂryec%g @ singly or as a
m xture of t .or nore_thereof.. 0 her chain extenders, not containing a
chl ori ne Xpkpieceranbesolved; %@Pea'@ fhe ng pp s‘?‘(shw&nhi 0)

aromati c am nes such_as 3,5-bis(nethylthio)-2,4-tol uene di am ne and

3, 5- bi s~mdeagnlys of elagticity,is,useani ae, al kyl aromatic anines such as

3, 5-di et hyl t ol ueae- 2, 4-di am ae, 2 5 3, 5-di et hyl t ol ueae- 2, 6-di am ae,

tetraal kyl di anﬂadaiqopebyurq.hanempmtws&),rmltvm@qlchaublg

4,4 -diam no-3, 3" -diethyl-5,5" -di nethyl diphenyl methane, and aronmatic

pol panm nesnethylal grompseas fusctiqialcgtoups panrhe preferably usetd as the

1, 2-bi s/ 2-am nophenyl t hi oj ethane, and the above-nentioned | ow nol ecul ar
pol yols. FEotiskbeagdslfredctivedadidbeads).as a mi xture of two or nore thereof.
The proportion of the organic pol pi socyanate, the pol yol conpound and the
chai n extender iIn the polywsrthiame cempesitiom )] iddseprtifegale tlxt the
respective nol ecul ar wei ghts and desired physical properties for use (e.g.
a poli shi pplyadetdné doeOnpdlcontaiianehporidecertbmhes abr consituehtai n a
pol i shi ng pad havi ng desired polishing properties, the nunber of organic

| socyanat elefieity dnd the svlidsbeafs! Jo sryofitain alckkdine dtoen msder of
total functional groups (nunber of active hydrogen groups in total such as
hydr oxyl @odtstuerit Ble@ea#ps etc. j in the 15 pol yol conpound and the
chain extender, is preferably in the range of O 95 to 1.15, nore preferably

099 po 1.10 Ththd poipufithdife Bivds B her HeRiREENiréa pliigsical

| ow- nol ecul ar conponent in the pol yol "conmpound in The polyol ‘conpounds’ is

det er m nedy dpReBlFy Chddfne & Cohp8sition ICRS Sta¥tiny nidierRalkyur et hane

and polyurethane capable of thermal recycling without generation
of dangerous dioxins can be obtained by using chlorine atom-free
materials as the starting materials (organic polyisocyanate, a

25 polyol compound and a chain extender) of polyurethane. Similarly,

11



" 2 0 produced therefrom The pol yurethane serving as matrix in the

pol yur et hane conposition of this invention can be produced by using

. Urethane production techni ques such as a nelt nmethod or a sol ution nethod,
but in consideration of costs and worki ng at nosphere, the 2 5 pol yurethane
is produced by the melt method. 22  F-P03026TB(SG |n prioBo%468R(8Y t he
pol yur et hane, either of a prepolynmer method or a one-shot method can be
used, but the prepolynmer nethod wherein an isocpanate-term nated prepol ynmer
is previously synthesized froman organi c polyi socyanate and a pol yol
conpound 5 and they reacted with a chain extender is preferable because the
resul ti ngamlymetﬁans ¢ompesitiom capabls of ithermalreawaling cansbe | f a
comercially avail abl e i socyanat e-term nated prepol ymer produced from an

or gani ¢ pobtabwsbbhymsinghsolidjutads nosngpentaining »chlokipecatamw asan
invention, it can also be applied to the 10 nmet hod of producing

pol yur et hehemlentt he prepol yner nethod. The isocyanate-term nated prepol yner
is preferably the one having a nol ecul ar wei ght of about 800 to 5000
because it i s eBeehussta chlorinecstoid cohyanield peyan ebdmemip@i ties. In
production of the pol yurethane, a first conponent 15 containing a

| socyamat polyerytiaie i dedived geaepallyfioin scehain @xtpaden; containing an
active hydrogen group-containing conmpound are m xed and cured. In the

pr epol ymepolphrérthard & otSeeiaiinifg i eNl rinROa B6 @RS YHEE1eTREYM Ecadb bEhe
i socyanat e group-containing conpound, and the chain extender (polpol 2 0

conpound bbtaﬁféfsﬁraginsgtebysefal 1#4%) 3Gloni Stity A o EREN1ES AisAHE NY

compound. In the ohe-shot method, the organic polyisocyanate serves as the

| socyanat i WepRict NiFut ERERGHBTIFAATL L9288 uedaREE knARA Lhe pol ol
e active hydro . 25 1In

conmpound serve as t gén group-contai ni ug conpoun

producti of.: 0 J GI | yadr it d }

F- PosozeTgfﬂﬁlygﬁteﬁe"ﬁ aagﬂ%g‘l‘%‘%h"ﬁés’é’q@%c’%n%%g?% SHdin %’éﬁ‘r‘%éor BIPA ¢ he
pol yur et hgne ) & h | [ Sk G e R Lhe isoc ate
o oup. on i APRS T STt tht RpeigTBREReE S bLeH 403 IBro R R BRELT
hydr ogen gr.oup-cqnt ai ni .conpound). are 1 xed and stirr |1 ul ar

0 spersi ndrprerratied sheBtuE ot roPatee; TheTRalls” sRhnaghie Boligm | he

pol yur et hane erials, ,and t hen red gnd fo d,to prepare.,a pol yurethane
bl ock 1 n HeaRBaren.ved Gl apfeindyaceilts thdFagtint tRabi ng 1 ne
bubbl es). The fipe bubbles in the cellular dispersing liquid form 10 fine
bubbl es. | BTPABCHRRO! BRIVERSFhRRE, | OR & e(%&?%‘ggénﬁ‘et%‘éﬂ theasplid of
elasticity and surface flexibility) of the optinum polishing pad, depending
on a nat ePeadsmyelling with o being soluhls in gnsaquegqusanedimmopred by
changi ng the degree of foaming and fine foam ng. 15 In this process, it is
pr ef ekabl sedas shpwayin ddis ingentionjthe quringaesstian camabe easilyr i al s
/the first conmponent containing the isocyanate group-containing conpound

and/ or t hteguladed dueto-the actiombstmean the selid beadspnddhe

gr oup- cont ai ni ng conpouad~, and after or while the conponent/s~ 2 0 to
whi ch t hestachingoyatetials i polytzdthanetévendf the clilopine atiotwdraeher with
fi ne bubbles, the renmai nder of the conponents is added. Previous m xing of
t he foam chguihaxtenderhdeseribed yabate is asedd: i1 thesstastingvnratesidlsmfi ve
nmeans in stably producing fine bubbles. 2 5 The foamregulator is not
parti cul apolyhretlisase. nThieareasor foPthis easy control of the curing
20 reaction is indefinite but estimated as follows: That is, the solid

beads are capable of swelling with or being soluble in an aqueous

medium, and thus the surfaces of the beads can be said to be

hydrophilic, that is, relatively highly polar. Major groups involved

in the curing reaction, that is, isocyanate groups and active

25 hydrogen groups, are also highly polar sites. It is therefore

12



" F-P03026TB(SG can stably forms fine bubbles fromthe first or second
conponent stirred in the presence of an inert gas. The foamregulator is
.preferably a silicon-based surfactant. In particular, the silicon-based
surfactant used as a foamregulator in the technical 5 field of

pol yur et hane, particularly a silicon-based nonionic surfdcf@¥ETREE) of an
active hydrogen group such as hydroxyl group reacting with an i socyanate
group, is used preferably because of good conpatibility with the pol yol
conpound and i socyanate prepolymer. 10 For exanple, the silicon.-based
noni oni ¢ surfactaat is preferably a surfactant made of a silicon-pol pether
copol ynerestimates yhat égei entingcreadqtiondgaagulated byethe inkerantion,

pol ypropyl ene oxi de and a copol ymer thereof. The foam regul ator i ncl udes,
f or exanpbftheisturfaces af dhenbeadsiwithuisosyanate guosipsiand?osiddtive f oam
regul ators SH 190 and SH 192 (Toray Dow Corning Silicone Co., Ltd., L-5340
~Ni ppon Unydeogénrgramps.i nited). The silicon-based nonionic surfactant not
havi ng hydroxyl groups gives a mcrocellular polyurethane foam cont ai ni ng
fine and uni f orThegidlyurethane cempositivn (2) ishprefieyablyah properties of

pol yurethane. 2 0 . The anobunt of the foamregulator (silicon-based
surfact arhiaﬁdedllﬁh:p?elﬁif&ﬁhaﬂ} fodm bombyiniigpblniretame hieidm@t eri al s
(total armount of the first conponent, the second conponent and solid beads)
in the pomfesseéBse conposition. Wien the amount is |less than 0. 1% by

wei ght, a foamcontaining fine cells may not be 2 5 obtained. From this

vi ewpoi nt, the fHRURLcAScdIlElarOFElyREthan® fodim haviBAARIBCSMs added is

preferably 1% by wei ght or nore. t he ot her hand, en the anount is

ni gher t ekl 36 Bitxe fiher (i BUBHAS oOhofe bty i BaRAY Ul ar

pol yur et hane I'ncreased, and a mcrocellul ar Ppol yurethane foam of

sur't act ataggapiileinte] UL hEpc kAR Polyit A froak a8 UC 0T o
comPsed BialLeUShk oAl R SoPRON S SUAIERLa AL Mtk MLV RELELHE o5. Vi ch

does ot an i socyana or an active ogen group. The

gas may be 10..i ntroduced .00Si L,V into @t lon, he gas is
ent rapped&ﬁﬁfﬁyalqavna'@r P&%’Sf?’r‘?%%.t aﬁ?enlgﬁgf%’!ﬁ%%'us’g%e ?W‘flgr mng fine
bubbl es i referably inc usti bl e, cifically.,,itrQgen, oxygen, a
car bon di IRAEREagkrE qhie miroeliaer papHrrOraLs S0R% sPREFT e gas
thereof, and use of air, from which istyre renoved 15 by dryjng is
most pr ef E}éb|neorlnivéesa¥esb‘sl%a%$km§tw’§$€ﬁwﬁgcq;evpéétlpap mng the
inert gas jnto fine bubbles to dispersing the bubbles in the first
conponent SiRultanequElysseIHescd fpaciion daare struetnzg) insataiaing cul ar
limtation, and exanpl es thereof include a_homgenizer, a_dissolver and a 2
0 twilf scelwry srplied te the polishing:pador The finely foamed stencture stirring
device is not particularly limted, but a whippiag stirring blade is used
pr ef er abl is veary edfective dptxataining shirny abrasive gradnstindhe for forning fine
bubbl es are not particularly limted insofar as fine bubbles are forned to
gi ve a cunsig¢rprelado stabilizesthe polishingisperdethum significantlyenper at ure
shoul d be hi gher 26 F- P03026TB(SG than the nelting points of the first
and seconincregsingrared stabilizing thepaishkingspeed dbyathemidradedlssuri ng
reaction of isocpaaate groups with active hydrogen groups proceeds rapidly.
The t enpeThieunrick6cellelpossiaisged by théGricracellulaf pobhirgth@nedfdam?20 C. The
curing reaction of the isocyanate groups with the

20 . have an average diameter of 70 um or less, preferably 50 um or less,

still more preferably 40 um or less. Generally, microcells having
an average diameter of 30 to 40 um are preferable.

Preferably, the polyurethane composition (2) has a storage
modulus of elasticity of 270 MPa or more at 40°C as measured by a

25 dynamic viscoelasticity measuring device.
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" active hydrogen groups is au exotherm c reaction, and the degree of heat

evolved in the reaction is varied depending on e.g. the type and

_ Conbi nation of the selected isocyanate conpound and active hydrogen
conpound, and the tenperature is regulated suitably. 10 M xing and stirring

after addition of the remainder of the conponents nay notF'B@3(g%Ti3(~°fQig for

particularly form ng bubbles, and a stirring device not generating |arge

bubbles is preferably used. The stirring device is preferably a planetary

m xer. Stirring at the fornmer stage for dispersing fine bubbles and

stirring at the latter 15 stage for m xing the remai nder of the conponents

added can be coWhen shesstorageimodulys of elasticitp of the pelyurethame

stirring device nmay be used at the forner and latter stages. |f necessary,

the stirrcompositionds 2520 MBa avhiarestsufficignt dlatitenimg such as rotating

speed are changed. 2 0 For production of the pol yurethane of this

i nvent i oncharattdristicsrareuachizwveah aMheolishing pad usimgithect ant, a

| ubricant, a pignment, a filler, an antistatic agent and ot her additives nmay

be added pblyatetitai¢ cotnpbsiticndf swthtiigh siodilususLehasticitynis not

pol yur et hane conposition of this invention contains 2 5 solid beads

di spersedonlly usdful f6i R eds pdlishiig nwaldicfored8oites| buttal¥d3A8efil( SG) of

di spersing solid beads in polyurethane is not particularly limted, but

general | yféhasetin glaaaapslishinglire§aiSag 4 ?:dliym&tgolskdsai Bigl® M ofulus

pol yur et hane during curing of a mxture of the first and second conponents.
5 Wen th : kot 3 bali ne- shot
S rhen PBrEAAYE). PRATRIGALAN PALEE NI BOLERE RERLE gl oho
of polyur gl F%yeﬂicﬂ%hﬂg@' yl]'ﬂ@ Xt dd o Sahtk B?%‘i'é#%ién%ié‘e starting

I.e. e organit po I co

materi al s yi socydnhate, the polyo ound and the

chain o g hrrd BRI 3Bty it R o L1
o B 254,50 LB BRR TR0 AL i B0, 0 Lai e
e A
corrpos!ot i éﬁe?e %ﬂyc‘la(io g\gﬁ%iqrh’&ssal?ﬂﬁﬁ?geﬁbliyr%g;\#@ ‘?l‘gf%alaf t hout

particular limtation to its material, but fromthe viewpoint of

di sper si bstpr3ge modnlyy,pf glastighy is,as thed, abower i ¢ material is
preferable. However, solid beads made of hard materials are nore preferable
than el astic bedde densityr ofithg polymrethaps cempasitionc(?). ispecause of the
necessity for endow ng pol yuret hane with high nodulus of elasticity by the
fillekSef paeferabdy Q0ante 99 Bdsmhaving a 2 5 hardness (Shore D hardness)
of 70 or nore are preferable. 28 F- P03026TB(SG Exanples of materials for
t he solids bead&viemcifithe fillerseffechof the saliddecadwiyattainedrat @acryl at e
~PMMA~, pol yphenol, polyethylene, nelam ne resin, epoxy resin, polyphenol,
pol yvi nyl leweshitdnsipplofiihe polyurethaine compbsition| (polywrethame yet hyl ene
glycol, 5 cellulose, partially hydrol yzed pol yacrylate, etc. These

mat eri al s comtaifing sblid beadis dispetsedi thepein)suffi¢iddtestdrmge material s or
have a sheath/ core nulti-layer structure. The solid beads used in the

pol yur et hafiedabi® ofi dlasticity) tendsitoobe lnadlyiattatned hygdatnapthepol yneric
material swollen with or 10 dissolved in an aqueous medium The polyneric
materpal idealsit of thleyPolyiiretha@¥ondpbsition lis prefetdbignet 1aaitya B! i C
aci d, polyethylene glycol, cellulose, partially hydrolyzed pol yacrpl ate
etc. Furtglem®) fbie! prefeddbRatilédst D068/ Qhs. PO Ehei stherPhaddgad by
copol ynerizing these material's with non-hygroscopic materials 15 such as

pol ystyrergo Rfith dehQitie of tAY. pIl3R1RARANE cORMP LTS 3§ hdtOpyee@aby an
aqueous acidic or basic¢ soluti'on.” The hygroscopic solid beads swollen with

or di ssol yRdsd.R ef @&&qﬂ%%%}ywiée%ai&t Brﬁmmﬁug ﬁgéé!& PR 0bf hi ne

cellul ose particles, fromthe vi ol nt of 1 nprovernent of the nodul es of 2

0 el asti Cisth)rQLgQ YoM Sadifs By th%es&}falc%roféﬂg(i}olﬂﬁm?\‘ﬁkhi ﬂ%ﬂcé@e

25 from the polyurethane composition, and thus the density of the
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time of swelling. In particular, fine cellulose particles are preferable.
The hpgroscopi c acryl beads include, for exanple, HU 720P manufactured by
-Ni ppon Exran. The hygroscopic solid beads are preferably reactive solid 25
beads. The reactive solid beads are nmade of a polyneric material 29

F- P03026TB(SG havi ng reactive groups capabl e of reacti n§-ROBORETRHBGUr et hane
or the polyurethane materials and capable of swelling with or being sol uble
in an aqueous nedium The functional groups capable of reacting with

pol yur et hane or the polyurethane materials include 5 an i socyanate group,
am no group, hydroxyl group, phenol group, carboxyl group, thiol group etc.
The pol yrpolysirethaneatomposition és prefemibly mot highes thad 090 g/ em?,
swelling with or being soluble in an aqueous nedi umincl udes, for exanple,
pol yphenahorpgineferablyahotithigheydtthan @88 wtemPi done, pol yacrplic acid, 10
pol yet hyl ene gl ycol, cellulose etc. Products endowed with swelling
properties or daltle lpdlynretliahie abpositiony(2)s the ngid¢tmrsdlylakyneric
materials with hydrophobic materials such as pol ystyrene, can al so be used.

Exanpl es wélyirethaae!fosin Idvihgd adidsocells Yefefdblycsoiitiias Seiliesa’ | R type
(phenol beads having 15 nmet hyl ol groups) manufactured by Kanebo, Ltd. The

parti gl e i:¥qetHnt a6 d FeamOrégulatads To Afik P3iKe6H! SUrfictdd® h§EheUt from
t he vi ewpoi nt of attaining a higher degree of nodulus of elasticity and

handl i ng foaim qiega%&m rwfdnglg mhyefﬁ&geggnawﬁamak wlﬁuﬁéﬂﬁér IS

preferably 1n the range of 2 fT about O. 100 ~, m e" content of the

sol i d_beadispl5aRkEicdi 8Pkt odol AR ARAN. Fllisve 1O the

pol yur et hane conposition, (polyurethane contalining the solid beads

S S RS PSSR S TSR
Su I Ccl ent

30 F- P03026TB(.SQ) di ' h Li d _beads i
pol yur et r%?.%,“‘te ﬁlelagg xng ?“g’ﬂ%ﬁ?:ﬁsl gﬁﬁ‘%‘g g fngcsemf)itslec §1%e8%érﬂq§‘eg‘5% by
i gh I . tent of .the i d. beads,i .aply in th
ue! 900, nsh B85 iR BB etk bl S PGSR b SRR 4 o TS

i nvention ify conguct ed by injecting a m xture of the pol yurethane naterials
and the RPIPEERERE nto a nold, curing the nmixture untii it |oses
fluidity, and form.ng the m xture, acgcording to the above-described net hod
of produci ng pdlyskhernthds inveation EFfﬁfr‘Fé 19 s polizhing paddormedposition)
containing the 10 solid beads dispersed therein is thus obtained. The

resul ti ndg‘ﬁm)tbleel’ﬂbﬁ@‘eﬁh%‘l@ eampesition £8)-and post-cured, and such
procedures have an effect of inprovi ni; t he physical properties of

pol yur et hane, dfurther, thiy invehsiomirelatpsctaarmeghpdaef pvedusingaduct ed
preferably at normal pressures to 15 stabilize the shape of bubbles. In

pr oddét i omicfoeeliulas| yolytteshansofgami by enixingra ifidsf topponsnithg t he

pol yur et hane reaction may al so be used. The type and anount of the catal yst
can be swontdipitgtan isoeyhndte gpouprucentainéing opuponnzhaind 4 lsesomil/ent i on
map be produced either in a batch systemwherein the respective 2 0
conponentcompdrnts tonkahning anmctiive dydrogemgeonpecostaindngand i ntroduced
into a vessel, and the m xed solution is stirred, or in a continuous
product i ctompdvdher ei n the respective conponents of the stock solution
of pol yurethane and an inert gas are continuously supplied and stirred with

a stirring devidlifaradtetizdd in Fhatoled bealdstdaxdndispereedviedthe fivstduce
nol ded products. 31

20 component and/or the second component,

a silicon nonionic surfactant not having a hydroxyl group is
added in an amount of 0.1 to less than 5% by weight based on the
total amount of the first and second components, to the first
component and/or the second component,

25 the component(s) to which the surfactant was added and an
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F- P03026TB(SG The resulting pol yurethane conposition is sliced in

t hi ckness suitable for the polishing pad. The pol yuret hane conposition nmay
-be produced by pouring the pol yurethane conponent into a nold having a
cavity having the same thickness 5 as that of the intended polishing pad.
The thickness of the polishing pad is usually 0.8 nmto 2 O%ﬁﬁﬁﬁﬁgually a
sheet having a thickness of about 1.2 mmis used. The surface of the
pol i shing pad can be provided with grooves, or a flexible porous sheet etc.
can be stuck on the 10 backside thereof. The grooves on the surface of the
pol i shing pad have an action in renoving abraded dusts and abrasive grains
fromthe twettagas aresstictedto priepayeld chllndaxs dispersidgdiguidhaxingo be
pol i shed. The shape of grooves is not particularly limted, and its section
i s rect anghedmert igasndisprersed-ahapietoertlssamdci rcul ar, and 15 may have a
sectional area through which fine powlers pass. The grooves are arranged in
a concentric citheadlhular dispersimgeliquddnisemnixedavithetlséd eemaibiderdept h of

t he grooves, though being varied dependi ng on the thickness of the sheet,

i s about @hé dempcheiit atdoditead td grddiice thétpilyulrbeha@nesent invention is
described by reference to ,the Exanples, but this inventionis not limted

to these gvaidbsRHioENa . (Formati on of polyurethane conposition (1)) 2
5 500 partsati)? wei gﬁi1 gﬁrgzgol yet her prepol prer (Adi prene 32

F- PO3026TB(SG) Irh¥prodietic) aiétlibd id preféribledor ProdirctibRWOthe _
manuf actured by Unitopalj, 34 parts by weight of styrene/acryl crosslinked

beads (M giotpakediai bomaiBLAGENR de-l 1A £imierodanfapbon Paint Co..

Ltd.j, a~ 20 parts by I ght rtactant (SH 192, 5 Toray
Dow Cor i g o . . Ced and
de:‘Noa_mragI %g’ég‘rﬂ%e _uceeg8 %%??&?gkaﬁéﬁéﬂipge?g?&%gﬂr%% Z’p‘éﬁ a% %ﬁ@ X'el'heﬁ,n
e M X! UeBnaEnild GoRU BELIGERUF heifiSolOal RQERRE AL, uRRL o5, and 145

parts by weig -ne S~0-C roani I'rnej previously nelted at
120C were 10 ded thereto to give a m xed solution. The m xed sol uti on was
stirr f5?g3§b ‘1l mnute, introduced into a pan-type open nold and
post-cured for 6 hours in an oven at 110 C, to give a polyurethane finely
foamed bl ock (cell dianmeter 40 ~. nmj containing styrene/acsyl crosslinked

beads di sper therein. The densi f 15 the pol yurethane finely foaned
bl ock was%(?%gﬁg Al %ﬁﬁﬁ?&@ e fmeention 1y was carried out according
to JIS K 7222 (Foaned Pl astics, Rubber, and Measurenent of Apparent
Density). (Masidhepolyurethanp compesitions dihand l2) pontajningn the

pol yuret hane finely foamed bl ock was sliced in a thickness of 1.27 nm under
heati ng asolisoheadsdispensed therein/apcordingifia thistinventisntheeckj, to
give a polishing sheet. A5 nmw de rectangul ar sheet was cut off fromthe

pol i shf ng pelpurethrneserving astmatnii tnfermpdifrons ag orgapiondul es of

elasticity 2 5 was 295 MPa. 33 F- PO3026TB( SG
polyisocyanate, a polyol compound and a chain extender. When

chlorine-free polyurethane is used, the organic polyisocyanate, the
polyol compound and the chain extender are those not containing
a chlorine atom as an element.

20 As the organic polyisocyanate, a compound known in the-
field of polyurethane can be used without particular limitation.
The organic polyisocyanate includes, for example, aromatic
diisocyanates such as 2,4-toluene diisocyanate, 2,6-toluene
diisocyanate, 2,2’-diphenyl methane diisocyanate, 2,4’-diphenyl

25 methane diisocyanate, 4,4’-diphenyl methane diisocyanate,
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“This storage nodul us of elasticity was neasured at a frequency of 1 Hz with
si nusoi dal wave vibrations by a tensile test jig wwth a dynam c

vi scoel asticity measuring devi ce Rheogel - E4000 (rmanufactured by UBM.
"Measurenent at -20C to 80C was 5 conducted in a tenperature-dependi ng node,
aad the storage nodulus of elasticity at 40 C was used. (HrepmsaB(sm) and
eval uation of a polishing pad) A doubl e-coated tape (Double Tack Tape
#5782, manufactured by Sekisui Chemical Co., Ltd.) was stuck on the 10
resulting polishing sheet to conplete a polishing pad. The resulting
polishing pad was eval uated iu polishing characteristics by a CW polishing
devi ce ( SPB5-aidphtiwlenleodiisoefaiiitékpPphenilthitk ditfdeyanatesi Ng the
polishing pad rotating at 35 rpm a wafer rotating at 33 rpm was polished
Wi th siligaphed n@FﬁlﬁZQQ}an&Ee,npwlgqéﬂéQﬁi&ycﬁhafa ahBCR RIS D
adjusted to pH I1 at a flow rate of 150 g/m n. under a polishing | oading of

350 g/ C”Qdiiégkﬁr’gﬂﬁié) a ha&\xéldifgaéyhhgﬁéé ShER S eehﬁiwérahis%cgj&ﬂté?d 0.5

~m coati ng was  deposited on a 6 IncC i con wafer and then subjected 20 to

patterning Ijgzt‘é i&&ﬂﬁhﬁ%&é@%ghe:d- ﬁg}éygfe‘été'-’am@nd L/IS=5mM25 ~m

and an oxi coati'ng rurt posited in a thickness of 1

~, mtheregn: . fer A Lfference of
05 i B bR 1 Wiy, B AR alilbby gl sicH)

pol i shi ng ngi 1 nd. when th iLfiene in.alaobal | evel was
Feduced (3% o tnfke-Rlte YA NGats) UM Ercloh el dRiBnet S "The
bottom of ;25 ~. m space measuw.ed to eval yate the flatness, The fl atness
vas 70 nritTROFSRBRtS L RRPRPToRS HiRRC TR e M ineshAt SR BV REIRAE | (Aver age
pol i shing,speed) 5.1 n eyal uation of ;average polighi ng speed, a thermally
oxi di zed E“g%"é’%aﬁtﬁd"b‘ga’d??’f’éﬁaaﬁ diigoryanate: i‘g'ﬁs%a‘iﬂéy gﬁé‘ifd{] i shed
under the Polishing comditionf descri bed above, .and the average polishing
speed wheRlQDe OF A% A IPIRERre,of tWo.gr pyope dhergofs det ernined. The average
polishing speed was 110 nnfmn, 10 A hi gher average polishing speed

i ndi ddt es hi ghefs e ergamicpolyisegyanats, ibis possibledta nseinot eak®d bl ock
(cell dianmeter 35 Vim was obtained in the sanme manner as in Exanple 1
except t hthe @hovedeacribed diisocyanpte sompounsssbutiadsio beads used was
changed 15 to 72 parts by weight, and the anount of the silicon surfactant
used was oialtifahational ftrifundtionel girtmoried pdpisacyasfatelse Assthei ng

pol yuret hane finely foanmed bl ock was O 76 g/ cnB. A polishing sheet and a
pol i shi ngnpaltifvarctionad isecyaimatd conzpeumndsyerseries of Midsgpdyariated

eval uated in polishing. The nodulus 2 0 of elasticity of the resulting

pol i shi ngaddaet cmnpdithdd are Tomm emdallycavdilablecas Desinadal-Nje pol i shing
speed of the resulting polishing pad are shown in Table 1. Exanple 3 A

pol yuret hiBeyés)rald DweiiteIMqAsabicChediicat Tadusbry 09., Ltd.)was obtained in
t he sanme manner as in Exanple 1 except that the 35 F- PO3026TB( SG) anount

of the styrene/ heypobfdlscodmpdthde ifslite oyl cbaigednts dddalbpr t s by

wei ght, and the anmount of the silicon surfactant used was changed to 40

parts by wekdlin tHétedBnItAY field (0TS 6BAitethad el OBk Mples @ fftlael ¥ foanmed
bl ock was 0.69 g/ cnB. A 5 polishing sheet and a polishing pad were

pr epar ed ?Bl*@ﬁc_&ﬁﬁf‘oﬁ‘ﬁagemcﬁ&dé thie flloWidg Highewdldehrit balﬁal\ls/ibs hing. The
e

nodul us o asticity of the resulting polishing sheet was 2 a. The

measur ed fi\ plJieesh, &1 age polishing speed of the resulting polishing
pad are sh!)wn ?n Tﬁ’g?ﬂ. 10 Exanple 4

20 The polyether polyol includes, for example, polyoxy
propylene polyols obtained by adding propylene oxide to one or
more polyvalent alcohols such as ethylene glycol, diethylene glycol,
propylene glycol, dipropylene glycol, glycerin and trimethylol
propane, polyoxyethylene polyols obtained by adding ethylene

25 oxide to the polyvalent alcohols, polyols obtained by adding
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"A polyurethane finely foanmed bl ock (cell dianeter 30 ~,n) was obtained in
the same manner as in Exanple 1 except that 34 parts by wei ght of
_crosslinked nmethyl polynethacryl ate beads (Techpol yner MBX- 15, particle

di ameter 15 ~.m Sekisui Chemical 15 Co., Ltd.) were used in place of 34
parts by wei ght of the styrene/acrpl crosslinked beads. ThBOHRAREB(SE) of t he
resul ting pol yurethane finely foaned bl ock was 0.80 g/cnB. A polishing
sheet and a polishing pad were prepared in the sane manner as in Exanple 1
and eval uated in polishing. The nodulus of elasticity 2 O of the resulting
pol i shing sheet was 280 ~MPa. The neasured fl atness and average poli shing
speed of butylemsubkide) opditysénegxide to thehpolyvialeditNleohol cmpdir at i ve
Exanple 1 500 parts by weight of a polyether prepolynmer (Adiprene 2 5

L- 325; i spolyterirangrthiylene rethiehrr glyicals dbtaimed bygaddimgf act ured 36

F- P03026TB(SG by Uniroyal) and 13 parts by weight of Expancell 551DE (fine
hol I ow sptetrahydedfurdn Rga @ing openingipobymierivdtionats vhe (f}iﬂyivh!bﬁ@pm ymer,
manuf actured by Ni ppon Ferrite) were mxed in a vessel and defoaned under

reduced piRoHole. OCupolyidérPakisg two\6t #hbré offthe above-mentioned
4, 4" -met hyl enebi s(o-chl oroaniline) previously nelted at 120C was added

therets0 tQyéli¥ethers &t ad'bedised.ne m xed solution was stirred for about
1 mnute, Tntroduced into a pan-type open nold and post-cured for 6 hours

in an oved) phy SIvi1ve a polyurethane finely foanmed block (cell
di anet ere%b ~,#}. 'Il"h% fgidensity of the polyurethane finely foanmed bl ock

was 0.75 g/ cnﬁrhééél%ﬁigggggzggfh%&dﬁlg#a@g}ﬂﬁp%@ were prepared in the

same nmanner as 1n eval uate pol1shing. The nodul us of
fl atness BafpednfehSatich BRIAeks 4 iohe o thotacienth 3P Ry 08 SIRSC00 are
Ccoll ai afERefenn el e vy RER Siyach, TS Rrifee 9v%8 campie 1
pri vy SO b bl b ih B0

pr epar ed f@ﬁmga%nﬁgﬁﬁgFﬂaSlY‘?P o ﬁ‘i%%?ﬂ&?&?lin pgl Pshi ng. The

nodul us of  elasticity of the resulting polishing sheet was 210 MPa. The

measur ed fiethwleneglycalctrigthylsne glygpband shd-his{2-hydroxgethoxy)
polishing pad are shown in Table 1. 37 F- P03026TB(SG Table 1

Densi t y St beageneaanssglxcerinctrimetd)yiod nrepems. mentaarnydbrited el asticity(n
m/ mn)MPaExam | e 10. 8829670110Exam | e 20. 7627885120Exam | e

30. 69271 90tkeriowrmolecubarpolyvrleat migohols with smes vyonpzEdsinsd scof

1Conpar ati vep, 66210130120Examle 2 As is evident from Table 1, the

pol i s ngcpehiexylic siqidd sucdnas glhtaricl acids @adipic esidopimiedic acid,j of this
invention are excellent in flatness, and the polishing speed is al so

sat i sf act suberithacid, sepacie lbicyd hterephthdlic peiid s isowh{lzalic gicidhi s i nventi on

are made of a highly elastic mcrocellular polyurethane foam having density
in the spdimercadidydydrogenated dimer acid or other low-molecular
dicarboxylic acids or oligomer acids, or ring-opening polymers of
cyclic esters with propiolactone, caprolactone or valerolactone.
+ 20 Typical examples of the polyester polyol include polybutylene
adipate and polycaprolactone polyol.
3) Polycarbonate polyol
The polycarbonate polyol includes polyester polycarbonate

polyols exemplified as reaction products of polyester glycol such as

25 polycaprolactone with alkylene carbonate, polyester polycarbonate
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"~ 10 Exanmple 5 (Formati on of pol yurethane conposition (2j: Exanple using

hygr oscopi ¢ solid beads] 500 parts by weight of a polyether prepolyner

( Adi prene L-325; isocyanate group concentration 2.22 nmeq/g, manufactured 15
" by Uniroyalj, 34 parts by weight of hygroscopic acryl solid beads (HU 720P,
average particle dianeter 50 ~,m nanufactured bg N ppon FEX303pTB 19
parts by weight of a silicon surfactant (SH 192, nmanufactured by Toray Dow
Corning Silicone Co., Ltd.] 38 F- P03026TB(SG were introduced into a
vessel, m xed and defoanmed under reduced pressure at a tenperature

regul ated at 80C. Then, the mixture was stirred so vigorously as to

i ncor por apelyribebtaineshby reacging ethylepe garbonate with a polyvalent

4, 4" - met hyl enebi s~o-chl oroanilinej previously nelted 5 at 120C was added

t heret 0. dlwholxand ddien reacting thé resulting reactiond mixtare, with anduced i nto
a pan-type open nold and post-cured for 6 hours in an oven at 110C, to give
a pol yur ebhgameicf divarpoxydivedcid, cahd (thedde dbtminest by (esterjexchengiensi ty of

t he pol yurethane finely foamed bl ock was 0.79 g/ cnB. 10 A polishing sheet
and a pol tedetignpofia poly hydrpayccompdimd seith arylnedrbamate. Exanpl e 1 and
eval uated in polishing. The nodulus of elasticity of the resulting

pol i sty ng4§hee?1wy892 MPa. The neasured flatness, uniformty in surface,
and average polishing speed of the resulting polishing pad are shown in

Tabl e 2. 15 TherwRheodd¥ylcdpblyshéAChséanBasuade é/hydeokghlieyt ng net hod.
(Uniformty in surface) For "'evaluation of uniformty in surface, a

th ¥ o = . . . s
pol | shed’ SaBTIRtE et s ) B L R e L TR R Y PRERYEL, (s
2 0 of th gﬁié ' ' ’Wfiﬂ d&r‘?q : ]ﬁﬁg't
flat (rjless %%9%@ %"’e‘gﬁ%ﬁ’!&ﬁ? E%’?\ ﬁ%‘iﬁl (o n{;?s a agap%-il%tds}%)fyt li:o:tti ng
th . : . . ned f
the. fol | oteg 2k AT BHY kot Bptl spEPIHRL, of SN RyaRoudRiger! 100, LCOT
| ndi ca} es bl ghet Wi Lor LASEELA b pRT 66 ¢ Heoh il TREH™M
t e iryldtes, a%%&%"r Jé% © P
fﬁ?clkzgssé}ﬁ]/;ixa\s;e.ra e.coa i t hi c%?kneg mx%(r)ruExg Iian%;alA ok. ur et hane
finely fo yBFB'&{%E’@ﬁ 3?‘258?8?*‘&5 e~,°r‘r) °§v§§nﬂg)raﬁee "1",%? 28 manner
in Ex le 5 t that the, 5 i I | d beads HU- 720P
SR g et ey s
bol 1 shi ngimamw‘ef/eﬁﬂ@ﬁaﬂagi% Pr@mﬁﬁﬁgﬁ?@?gé&@ﬁ%ﬁw 3§ And
eval uated in polishing. The nodulus of elasticity of_ the 10 resulting

pol i shi ngmemeethplemieallymnsaturatedsmaenemerhating hydrexyl gyonpssurf ace
and aver age E‘B;ishi ng speed of the resulting polishing pad are shown in

Tabl el 2. sughpe Nrmethylol pervlamide o ¥-methylobmathacaglamideanet er 40
~, M 15 was obtained in the sane manner as in_Exanple 5 except that the
hygr oscopi ¢ acr s ths rarpendlyolutebechelie aaryd palyobpanmlsotbemsedi parts
by weight. The density of the resulting polyurethane finely foamed bl ock
was O 73 Ghetélechelis astylnpolyvdcis amacrybp@alymenycontaining bydpoxyll in t he
same manner as in Example 5

groups obtained by polymerizing unsaturated monomers containing

(meth)acrylate by an organic peroxide-containing initiator in the

20 presence of an alcohol compound and in the presence of an organic

sulfonic acid compound. The alcohol compound is an aliphatic or

alicyclic alcohol such as methanol, ethanol etc., and when a

monofunctional alcohol is used as the alcohol compound, the

resulting acryl polymer containing active hydrogen groups is

25 substantially bifunctional, and when diol is used as the alcohol
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2 0 and evaluated in polishing. The nodulus of elasticity of the resulting
pol i shing sheet was 281 MPa. The neasured flatness, uniformty in surface
.and average polishing speed of the resulting polishing pad are shown in
Table 2. Exanple 8 2 5 A polyurethane finely foaned bl ock cell dianeter 30
~,an) 40 F-P03026TB(SG was obtained in the same nmannef-HSO0RATERSMI e 5
except that 34 parts by weight of fine cellul ose particles (Avicel,
particle dianeter 20 to 100 ~,m manufactured by Merck) were used in place
of 34 parts by weight of the hpgroscopic acryl solid beads HU 720P. The 5
density of the resulting pol yurethane finely foaned bl ock was 0.80 g/ cn8.
A pol i shicemaeamnd athie xesulting aerylpolyner pontaiving active bydeogenner as
in Exanple 5 and evaluated in polishing. The nodul us of elasticity of the
resul ti nggmoips is sybstantiallys te@Gafiveetioitad. neasured fl atness, uniformity in
surface and average polishing 10 speed of the resulting polishing pad are
shown i n SjpOkhe? pdlgods ence Exanple 1 A pol yurethane finely foamed bl ock
(cell dianeter 40 ~,n) was obtained in the same manner as in Exanple 5
except that thdnsadditions pdlymieanpolyblsORavisg potyinmiersasucliasnphenhoB0 parts
by 15 weight. The density of the resulting pol yurethane finely foamed bl ock
was 0570 1@#sifinfolydlpeposiy gelf&l?(iiol Btadisie pbiyel, rslyiesgretiepared in the
same nanner as in Exanpl e and evaluated in polishing. The nodul us of

el asti ci tyoRfolf %l?é&éﬂ-pﬂﬂy&liér;ﬁb&lﬂ? ARey1dwitrflé andPstyriéife MeaSUr €d
flatness,” uniformiy in surface 2 0 and average polishing speed of the.

resultin ' ' L Q: r t uati on of
[ he pol | TiSJectonn, DALyTARANION o) RidFONRA thettin) rdalalipetbed. ! O bl e

Denst tyscBPTaar PR hCST O Ret RRVEPHSEr P ERdy Bef a5 the mjyel in ehis
50 79200700 FIIRES o g o ST Riids b Y BbRAMSEring chese . .
Ret ofen PRI RRARAGL Hith P ER e RAORTHEINLS convertinative (e

| i shi ds_obt ai ned ding to this i i tisfy both flat
b uni | GPRRTQEPR, B oRRe P “ihPR e apitisrTuns s Al Bemrtdni ng pads. of

this invention e highly el astic, ile at the ti of .polishin that is,

bt the time of BBEwRbeEYSasmelonist meighe S bR malk s

softened. Exanple 9 10 g_For mat i on of pol yurethane conposition (2): Exanple

usi ng r eakPIXQ iscnot peaticnlasly hmited, putcisypreferably,about RQO0 tpepol yner

(Adi prene_L-325; isocyapate groug concentratjion 2.22 neq/q, manufactured
2000 from the viewpoint of the elastic characteristics of the

15 resulting polyurethane. When the number-average molecular
weight of the high-molecular polyol is less than 500, the resulting
polyurethane is a brittle polymer not having sufficient elastic
characteristics, and a polyurethane composition (polishing pad)
containing this polyurethane as matrix is too rigid, thus causing

20 scratches on the polished surface of a workpiece polished. Further,
such polyurethane is easily worn out and thus not preferable from
the viéwpoint of the longevity of the polishing pad. On the other
hand, when the number-average molecular weight is higher than
2000, a polyurethane composition (polishing pad) containing this

25 polyurethane as matrix may be too soft to be subjected to
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by Uniroyal), 34 parts by weight of reactive phenol solid beads 15 (R-800,
average particle dianeter 20 ~,m nmanufactured by Kanebo, Ltd., and 20
Jparts by weight of a silicon surfactant (SH 192, manufactured by Toray Dow
Corning Silicone Co., Ltd.) were introduced into a vessel, mxed and

def oanmed under reduced 42 F- P03026TB(SG) pressure at a R-BOR63BEG

regul ated at 80C. Then, the mixture was stirred so vigorously as to

i ncor porat e bubbl es, and 145 parts by wei ght of

4, 4" -met hyl enebi s(o-chl oroaniline) previously nelted at 120C was added
thereto to give a m xed solution. The m xed 5 solution was stirred for
about 1 nsatisfactoryrfldtriag prdcessingn-type open nold and post-cured for 6
hours in an oven at 110C, to give a polyurethane finely foamed bl ock (cel
di anmeter 35 ~, n\s @b polydldcoipcaned pthy | low-asolecular ks di spersed
therein. The density of the polyurethane finely foamed bl ock was 0.76 g/
cnB. 10 AeRehiplified W& asdthepbhyéstivrWolisl maychimed ad i n the sane
manner as in anple 1 and evaluated in polishing. The nodul us of

el ast ci t yoa{hinatiéR Withi €k Ikhshiolgcihacholpsl d4RBad absyerasur ed

flatness, uniformty in surface, average polishing speed and scratch of the
resul t4 NgTRQske bR B¢ o2h Bot R m Yy halifed 3idgly’ B a8C M Hituids NMeasured
by the follow ng fmethod. Scratch) For eval uation of scratches, a thermally
oxi di zed ﬁm oating deposited on a 6 inch silicon wafer was polished
until the thickness of the thermally oxidized coating was reduced to 0.5
~.m2 0 under t j i shi | £ n_} he wafer
was washed and E?‘F:%?Xl}ngiggéﬁlgggﬁggoﬁ% @%O(ég%é%ﬁgzh%%% %‘Pgdp 1E)er waf er
by KLA (KLA2112,, .1m factured b KL%nFncal Iéesi Qﬂiﬁca in&gt hat the numnber
of micro- B aptive aydogen Ps, and sfamples of SUCh 3CUYE ¢ ches

i ndi cat es, higher performnce., 2 ampl.e 1 O 43 .F-P03026TB(SG A
ol yur ot nARETPERBIGF IR TR Tds R HELHR ARy 2 RFEARY GESCEORIRES i n t he
same manner as in Exanple 9 except t t amgunt of , the reactive phenol
2o | o hoantn i arous A Aol eegurs K« oFhS ChAExteREetER (y of the
resul ting pol yurethane, 5 finely foaned, bl oc s O.75 g/ _cnB, A polishing
sheet andcQmpRPYLEH; %vwagja\mpéewbaaweagbbm°§ r%?%gﬁeleﬁﬁnn§9essﬂpﬂﬁzxanp| e 9
and eval uated in polishing, The nodules of elasticity of the resulting
pol i shi ngtBashaipsextendepincindesydos axample; the aboygrdesenibedi n surface,
aver age polishing speed and scratch of the 10 resulting polishing pad are
shown in mwm«:ﬁémbm, Arouiatic sxralicy¢lindipnminessuchask (cel |
di aneter 40 ~,n) was obtained in the same manner as in Exanple 9 except
that the dpblimetiiylenebis{octhloropmdlinie)sd|6-dibbleko-psphenglentanged i nto 15
161 parts by weight. The density of the resulting polyurethane finely
f oamelb bl dixmine, 8,4 methyienehis|(@,8shichjosbanilinelandphicyshohgxphd wer e
prepared in the sane manner as in Exanple 9 and evaluated in polishing. The
nodul es ometlraie-di,4+dédmtihe, amslhtomptpoldiels sgchheet was 2T7 MPa. The
neasured flatness, 2 0 uniformty is surface, average polishing speed and
scrat ch ofl.4/kshgdubiyethorybshizafe(@haménes H\({Thara Chlentichl))Radédr ence
Exanpl e 2 A pol yurethane finely foaned block cell dianeter 40 ~tm was
obt ai ned mkiylglapedioh(Métsulfishi GasiChieinic#lkCcePhebbathdin ektdudesy e 9, 34
parts by weight of polystyrene solid beads (SBX-17,

may be used singly or as a mixture of two or more thereof.

20 Other chain extender; not containing a chlorine atom in the
molecule include, for example, bis-(alkylthio) aromatic amines such
as 3,5-bis(methylthio)-2,4-toluene diamine and
3,5-bis(methylthio)-2,6-toluene diamine, alkyl aromatic amines
such as 3,5-diethyltoluene-2,4-diamine,

25 3,5-diethyltoluene-2,6-diamine, tetraalkyl diaminodiphenyl
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" 44 F- P03026TB(SG average particle dianeter 17 ~, m manufactured by
Seki sui Chem cal Co., Ltd.) were used in place of the reactive phenol solid
.beads. The density of the resulting pol yurethane finely foamed bl ock was

O 77 g/ cnB. A polishing sheet and a polishing pad were \n the
same manner as in Exanple 1 and eval uated in polishing. %ig{s%@%ﬁﬁﬂssé)of

elasticity of the resulting polishing sheet was 288 MPa. The neasured
flatness, uniformty is surface, average polishing speed and scratch of the
resulting polishing pad are shown in Table 3. 10 The result of eval uation

of the polishin ad,obt gi .in.Co ativ lg 1 i.s alsq sho I n
Tabl o 3" mgthate BBtk R A A% g Bngiony ol S e e kR Ry

i npol i shins(g/ cmrodyl surfaceg speed(nunber ys )

of ~nnt ni /m&r%?,a%%aamﬁpay Bes Fé‘?lﬁb%#s‘!!fﬁzmml e0. 75279808. 5
1202910Exanpl €0, 71277808, 01203811 Conpar a0. 752681008. 011590t i veExanpl elRef e
r enc0. 772€&benl-di-psaminphemgoate and 152his(2eminpphenylthie) egbane;r om

Tabl e 3, the polishing pads obtained according to this invention satisfy
bot h fl at padstheabovermentioned low-melecilay pelyolscr These maysbes probabl y
because the polishing 5 pads of this invention are highly elastic, while at
the time vsedmlonte oy asthmixtureof two ot moxg thereofag, the surfaces only
of the polishing pads are softened. Exanple 12 (Formati on of pol yurethane
conposi ti on ~2~Théxprgpertion dithemrganiapayisecymats; dheapolydly wei ght of
a pol pether prepolynmer (Adiprene L-325; isocyanate group concentration 2.22
nmeq/ g, nacobepbunddaind the chabh jextéhdearinstlnis imreytionfcdn be chahgedse
particles (Avicel, particle dianeter 20 to 100 ~, m rmanufactured by Merck]j

and 18 15depeniiny orithidir @bspestiviecaivleculacweightShiniodesireduf act ured by
Torap Dow Corning Silicone Co., Ltd.) were introduced into a vessel, m xed

and def oapndsiBalPpropettaesd fot eisel(etgah poliShiity pad) dfitall at ed at 60C.
Then, the mxture was stirred so vigorously as to incorporate bubbles, and

133 pagts Pmﬂﬁﬂaﬁﬁné’ réd%ced therefrom. To obtain a r11;>olish_ing %ad
3,5-bis(atethplthioj-2,4-tol uenedi am ne/ 3, 5- bi s~net hyl t hi 0j™-2, 6-t ol

uenedi am Wavshy!didiedd BT RATbr 1] Pl i AULSgdmiRuf act Ur ed by

Al ubemal Asano)J were added thereto and stirred for about™1 mnute, and the
6 hour s | SRRt EROARRUE e Bl i B R o M PR, et bl ock
(cell di aﬁftﬁ{)eél Q)ftorpal éﬁnctﬁfﬁ?’g&@ﬁ ?@anber of active hydrogen
groups in total such as hydroxyl groups, amino groups etc.) in the
15 polyol compound and the chain extender, is preferably in the range
of 0.95 to 1.15, more preferably 0.99 to 1.10. The ratio of the
high-molecular component to the low-molecular component in the
polyol compound in the polyol compounds is determined
depending on the characteristics necessary for the polyurethane
20 produced therefrom.

The polyurethane serving as matrix in the polyurethane
composition of this invention can be produced by using urethane
production techniques such as a melt method or a solution method,
but in consideration of costs and working atmosphere, the

25 polyurethane is produced by the melt method.
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containing fine cellul ose particles dispersed therein. The density of the
pol yuret hane finely foanmed bl ock was O 77 g/ cnB. A polishing sheet aad a
-polishing pad were prepared in the sane manner as in Exanple 1 and

eval uated is polishing. The 5 nodulus of elasticity of the resultin

pol i shing sheet was 306 MPa. The neasured fl ataess, aver aﬁ'é’f)aB%TsBﬁ’.sﬁ?ﬂg speed
and scratch of the resulting polishing pad are shown is Table 4. Exanple 13
A pol yurethane finely foamed bl ock (cell diameter 40 ~.m 10 was obtai ned
in. the same manner as in Exanple 12 except that the amount of the fine
cellul ose particles was changed into 138 parts by weight. The density of
the resulting pdryRredpction: ofthe HQ;XH’EGtE?EEke 100872 preRFmMer pol i shing
sheet and a polishing pad were prepared _in the sane manner as in Exanple 1
and 15 evaneghed onapne-shiotgnethod eam hegsusedebusithe pyepelymerr esul ting
pol i shing sheet was 330 MPa. The neasured fl atness, polishing speed and
scrat ch ofmetbodexherein apdmmtpakprmm@Mmml%mee ig previopsly 14 2 0
A pol yurethane finely foamed bl ock (cell diameter 40 ~,m was obtained in

t he sane symtivesized frémmapl erghhiexpelyisotyansate pad 3 golyedicpmhpoandC Fl ock
W 400G (particle dianmeter of 24 ~ mor |ess, manufactured by N ppon Seishi)
wer e uSed aarl thea reddteldowitlpar¢haire extdhder ds prefexable tsedmamd thag

pol yuret hane finely foanmed 25 bl ock was O 75 g/cnB8. A polishing sheet and a
pol i shi ng rpsdltitgepdiyurdthld0i6de Senpiapplipsical dharacteFistivyIeIfas i s
Exanple 1 and evaluated is polishing. The nodulus of elasticity of the
resul ti ng quthinséidlallyhaeiilible Hdtydiateltermbeste®prépalyrasy, pol i shing
speed and scratch of the resulting polishing pad are shown is Table 4. 5

Exanpl e 13rbdluced#dm £ dggh @hé Pilyisdenieatd AAAGY o6l d
(2, 4-i som?rrlz, 6-isoner = 80720 m'#;{a’re), 78.6 parts by wefgﬁrtlpg}m

4, 4" -di cy%@ﬁ%ﬁfﬁgﬂﬁmmmi@n #OLAR 3156 Y aphiidid tdkhe

pol yt et ranet hyl ea aving a nunber-average nofecular |0 wei ght of

1000, ;31 20¢00%F Br b oy Por i b6 0 ¥ EBbIYEIGE diQtioed 1 nto 2

vessel and heated a m nutes er “st ng to give as
[ t . 0] l, ' fi Ul
part1 ol o5 T ieePoRal PRERRuHECe RO, & ot bty bk e M

rrwg:ﬁ}( 2310? E%eé’?%%%évr %‘%3" '?%?égﬁi? g‘iélns.e%.b,se%r h%%)t&\?ﬁt?réxs‘ll’_l_ ?Q%‘élél%ed into

the m xture, m xed.and def oaned ynder reduced pressure at a tenperature

regul at ed Wcﬁfs&g’ﬁ?&ﬁ?‘aﬂgyﬁﬁéi@? €Y irred so vigorously as to

i ncor por at e bubRl es, ile 80.1 parts by i ght of 20

3, 5-di et hyl t ol usBeProdugtion a%FgﬁéﬂWéFﬁﬁﬁngu@a&sZ BoOMBORERt i xture

~ETHACURE- | OOTM ., manuf actured by Al ubenmal ,Asaao) were added theret ?l The

m xt ufe wReREAIRing & ocyaRate SrRRcentaing compenndtatibieqan

introduced into a pan-type .open nold aad post-cured for 6 _hours in an oven

at 11CC, t‘i?‘&ﬂﬂ!‘%“pﬁ??g?ﬂlﬁgn%“ Active hy OESENSP IR TOtadBINg i anet er 35

~,m containing fine cellulose 48 F- P03026TB(SG_ particl es di sgersed

t herei n. Tmemponnd arefmixed gsd gnsedandnthecprepolymer mnethodathe, 75 g/

cnB. A polishing sheet and a polishing pad were prepared in the same nanner

as i n Exarippeyanate-terniimated prepolymer sgrvathas tb@uisecysnatieasticity of

the resulting 5 polishing sheet was 308 MPa. The neasured fl at ness,

pol i shi ng gneegtcendairing conpouhd, nasiithe whainl éxtenderpipblyot shown in

Tabl e 4. Reference Exanple 3 A polyurethane finely foaned bl ock cell

. di anmegér 4puipgund ifiascebsany)eservest ae therartive yrdragenn Exanpl e 12 except

that 61 '
group-containing compound. In the one-shot method, the organic

polyisocyanate serves as the isocyanate group-containing
compound, and the chain extender and the polyol compound serve
as the active hydrogen group-containing compound.

25 In production of the microcellular polyurethane foam, it is
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" parts by weight of polystyrene solid beads (SBX-17, average particle
dianeter 17 ~, m manufactured by Sekisui Chemcal Co., Ltd.) were used in
.place of the cellulose fine particles. The density of the resulting

pol yur et hane finely foaned block was 0.78 g/ cnB. A 15 polishing sheet and
a polishing pad were prepared in the sane manner as in EXafpPeeIB&d

eval uated in polishing. The nodulus of elasticity of the resulting

pol i shing sheet was 310 MPa. The neasured planarity, polishing speed and
scratch of the resulting polishing pad are shown in Table 4. 2 0 The result
of evaluation of the polishing pad obtained in Conparative Exanple 1 is

al so showpreferable douse gechnigoes wlvexaio) befasecor, while the

St or agPl anarit yPol i shi ngScr at chePr esence

of a( nm sppelyutrethine matenidln{thenfinstricom)poventicontadning the

of ) pol yur et haneel asti ci conposi ti ont yMPaExanpl e30575I 15

' 30N0 12 Ex bsupt yedB4¥0 g O3 @ Nachdtad atn ath polih & Nd e sepbadBafiizénd 1 5Conpa
rati 26810011590YesveExanpl e 1Ref erence31075115185NoExam |l e 3 As is evident

from Tabl eofitaidimgothé Hvtige hadhr ogeinngnedp amttadhigg icorhpoudd)\vaet i on are
prepared fromchlorine-free 5 materials and are thus capable of thermally

recycl® (biilehndestiveidd, £ ellvilar dispeysingChgaicd id Produsedougnent in
pl anarity and reduction in scratches, and the polishing speed is al so

sati sf act ghtroduciag el ga S babbIed enfo the PR retRankadthteridsPahyur et hane

contains chlorine atonms and fine hollow spheres, and 10 the eval uation
resul ts ofhphotigfdd Xnﬂnﬂ)aﬁﬁ"eﬁ?ﬁhp@éﬁaiéfae?blyuxétﬂag@cﬁc?éfﬁ@‘a”pl e 3, the

solid beads are not swollen wth”or dissolved in the aqueous nmedi um and
(hus, e Rsehit v byt ety ookl e gl o e
| by Bl s B SN RR A E CTL 01
o ) 1S SRR S AR PR TR BT
© 9.7 BT oF in ot s e AR B HE BBl 20 2 L o,
polishing pad, depending on a material polished or polishing
conditions, can be controlled by changing the degree of foaming
and fine foaming.
15 In this process, it is preferable that a foam regulator is
added to the polyurethane materials (the first component
containing the isocyanate group-containing compound and/or the
second component containing the active hydrogen
group-containing compound), and after or while the component(s)
20 to whicl_l the foam regulator was added is stirred and dispersed
together with fine bubbles, the remainder of the components is
added. Previous mixing of the foam regulator with the
polyurethane materials is a very effective means in stably

producing fine bubbles.

25 The foam regulator is not particularly limited insofar as it
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" F-P03026TB(SG CLAIMS i. A polyurethane conposition containing solid beads
di spersed is polyurethane, characterized is that the polyurethane is a
_mcrocel lul ar pol yuret hane foam having mcrocells and the 5 conpositioa has
a storage nodulus of elasticity at 40C of 270 MPa or nore as neasured by a
dynani ¢ vi scoel asticity nmeasuring device. 2. The pol yur ethBPRO26ERFEHI ti on
according to claiml1, characterized in that the density of the pol yurethane
conposition. 10 is O 67 to 0.90 g/ cnB. 3. The pol yuret hane conposition.
according to claiml or 2, characterized is that the mcrocelluiar

pol yur et hane foam having mcrocells contains a silicon surfactant as a foam
r egul at orcan stably forms finecbubblessinom thefirst ersponnd gompenens

di spersed in pol yurethane, characterized in that the solid beads are solid
beads swestirred intthepresenee ofian inettjgasus Theifoam segulatopis yur et hane
conposition according to claim4, characterized in that the solid beads are
acryl beapsefexably agsikiddn-based|siifactantin hypesticutadithhe 2 0 6. The

pol yur et hane conposition according to claim4, characterized in that the
sol i d beasilicoebaised swalfactast used: as hefoameddgulgtor ih thie tedhilicali n an
aqueous nedium 7. The pol yuret hane conposition according to any one of

clai mg 4 field ofgpslyasechaned paptididariyha silicod-based nvnienfienctional 2 5
groups capabl e of reacting wth pol yurethane or starting materials 52
F- PO3026 Teqstactaht feéd wiaid adeive hydrogen group such as hydroxyl group
reacting with an isocyanate group, is used preferably because of
good compatibility with the polyol compound and isocyanate
prepolymer.
10 For example, the silicon-based nonionic surfactant is
preferably a surfactant made of a silicon-polyether copolymer.
The polyether includes, for example, polyethylene oxide,
polypropylene oxide and a copolymer thereof. The foam regulator
includes, for example, silicon-based nonionic surfactants such as
15 silicon foam regulators SH-190 and SH-192 (Toray Dow Corning
Silicone Co., Ltd.), L-5340 (Nippon Unicar Company Limited). The
silicon-based nonionic surfactant not having hydroxyl groups gives
a microcellular polyurethane foam containing fine and uniform
cells without deteriorating the physical properties of polyurethane.
20 : The amount of the foam regulator {silicon-based surfactant)
added is preferably 0.1 to 5% by weight based on the materials
(total amount of the first component, the second component and
solid beads) in the polyurethane composition. When the amount is

less than 0.1% by weight, a foam containing fine cells may not be

25 obtained. From this viewpoint, the amount of the foam regulator
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"8. The pol yurethane conposition, according to claim7, characterized in
that the solid beads are pol yphenol having nethylol groups as functional
groups. 5 9. The pol yuret hane conposition according to any one of clains 4
to 8, characterized in that the pol yurethane does not contain a chlorine
atom as an el enent, and the solid beads do not contain afdi¥82¢TESGt om as
an elenent. 10. The pol yurethane conposition according to any one of 10
claims 4 to 9, characterized in that the pol yurethane is a mcrocellular
pol yur et hane foam having m crocells. 11. The pol yuret hane conposition
according to any one of clains 4 to 10, characterized in that the storage
nmodul us cddedids preferakily 06 by meight oy mors:na@nctlve otber and; t y
measuring 15 device is 270 MPa or nore. 12. The pol yuret hane conposition
accor di siwhen the appeunt is higher £ham 5% hyhweights thenumbenaif ¢dlts density
of the pol yurethane conposition is O 67 to 0.90 g/ cnB. 13. The

pol yur et Hanthe anjmroicellmlan podydrethane fopnois intréaded, amdm 1 Oto 12,
characterized is that, the mcrocellular pol yurethane foam havi ng

m cr ocel Imictodedlulargpaslyhirethanerfoaithaof high hardaessdgBaidly. 14. A

pol i shing pad foanmed fromthe pol yurethane conposition described in any one

of cl ai mobitdifieds3. Fiom this Ari fitptheraidountiofthe isurfscidnt ar
pol yur et hane 53 i ~! F-P03026TB(SG foamby mxing a first conponent

cont ai ni EH@PEd i PrefEy BRUPy GPéigditodt!fesmpound and a second conponent
cont ai ning an active hydrogen group-containing conpound,

The inert gas is a gas composed exclusively of a gaseous
component at ordinary temperatures, which does not react with an
isocyanate group or an active hydrogen group. The gas may be

10 introduced positively into a solution, or the gas is entrapped
naturally during stirring. The inert gas used in forming fine
bubbles is preferably incombustible, specifically nitrogen, oxygen, a
carbon dioxide gas and a rare gas such as helium or argon, or a
mixed gas thereof, and use of air from which moisture was removed

15 by drying is most preferable in respect of costs.

Known stirring device for forming the inert gas into fine
bubbles to dispersing the bubbles in the first component and/or
the second component can be used without particular limitation,
and examples thereof include a homogenizer, a dissolver and a

20 twin-screw planetary mixer. The shape of a stirring blade of the
stirring device is not particularly limited, but a whipping stirring
blade is used preferably in order to obtain fine bubbles. The
conditions for forming fine bubbles are not particularly limited

insofar as fine bubbles are formed to give a cured product of

25 predetermined shape, wherein the temperature should be higher
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"characterized in that solid beads are di spersed is the first 5 conponent
and/or the second conponent, a silicon nonionic surfactant not having a
.hydroxyl group is added in an anobunt of 0.1 to |less than 5% by wei ght based
on the total anpunt of the first and second conponents, to the first
conponent and/or the second conponent, 10 the corrponents)F PE3RAT B Phe
surfactant was added and an. inert gas are stirred to prepare a cellular
di spersing liquid having the inert gas dispersed as mcrocells, and the
cellular dispersing liquid is mxed with the renai nder of the conponent and
cured to Eroduce t he, pol yuret hane (15 conposjtion described in, claim3 or
13. 54 Athan the melting points of the first and second components and
; L. AFu. Al Nr. AYNr . Aa. AaL. Al ar . AF; . Al uL. A9. Au_. AY_. AN . A3NL. AaL. Al', . AYL. ANL. A
F(_. Aa% Alower thana femperatnreranwhish the caring reaction of
.A(. Ar. AYL. A39. Aar . Aal . AY. AYr. AF. A A3l . AFL. AF(. AF. ANr. A. A A  AYu. A A
J LO?Uth—l@eyanate groups with active hydrogen groups proceeds rapidly.
ru{ upj d*"YSU] ca] caU] cal] cal] ca] caU] ca] cal] ca] caU] ca] cal] caU] cal] caU] cal] ca] c
al] cal] caTbe tedaperathcea il qaeférdlllya) toal0°C] nxore preferably 10 to
@FW *>- 2Ad u{upj d_YSU] cal] ca] cal] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] cal] ca
| caU] cal] ¢2joc@)] CPhe ddriapashetien dfthe Mdaymdate] grod e withGhedH
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5 When the method of polymerizing polyurethane is for
example the one-shot method, there is a method of dispersing solid
beads in the stock solution of polyurethane by previously mixing
the solid beads with the starting materials i.e. the organic
polyisocyanate, the polyol compound and the chain extender or by

10 mixing the solid beads with the starting materials and then
dispersing them until polyurethane is cured. When the method of
polymerization is the prepolymer method, there is a method of
previously mixing the solid beads with the isocyanate-terminated
prepolymer or the chain extender or by mixing the solid beads with

15 the isocyanate-terminated prepolymer and the chain extender and
dispersing them until polyurethane is cured.

The solid beads used in the polyurethane composition (1)
can be either an organic or inorganic material without particular
limitation to its material, but from the viewpoint of dispersibility

20 in polyurethane, an organic polymeric material is preferable.
Howevér, solid beads made of hard materials are more preferable
than elastic beads made of acryl rubber, polyurethane etc. because
of the necessity for endowing polyurethane with high modulus of
elasticity by the filler effect. For example, those having a

25 hardness (Shore D hardness) of 70 or more are preferable.
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polyamide, polymethyl methacrylate (PMMA), polyphenol,
polyethylene, melamine resin, epoxy resin, polyphenol, polyvinyl
alcohol, polyvinyl pyrrolidone, polyacrylic acid, polyethylene glycol,
5 cellulose, partially hydrolyzed polyacrylate, etc. These materials
for the solid beads can be a copolymer of the above materials or
have a sheath/core multi-layer structure.

The solid beads used in the polyurethane composition (2) are
those comprising a hygroscopic polymeric material swollen with or

10 dissolved in an aqueous medium. The polymeric material includes
polyvinyl alcohol, polyvinyl pyrrolidone, polyacrylic acid,
polyethylene glycol, cellulose, partially hydrolyzed polyacrylate etc.
Further, products endowed with hygroscopic properties, produced
by copolymerizing these materials with non-hygroscopic materials

15 such as polystyrene, can also be used. The aqueous medium refers
to water or an aqueous acidic or basic solution.

The hygroscopic solid beads swollen with or dissolved in the
aqueous medium are preferably acryl beads or fine cellulose
particles, from the viewpoint of improvement of the modulus of

20 elasticity of polyurethane by the filler effect and swelling at the
time of swelling. In particular, fine cellulose particles are
preferable. The hygroscopic acryl beads include, for example,
HU-720P manufactured by Nippon Exran.

The hygroscopic solid beads are preferably reactive solid

25 Tbeads. The reactive solid beads are made of a polymeric material
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soluble in an agueous medium. The functional groups capable of

reacting with polyurethane or the polyurethane materials include

5 an isocyanate group, amino group, hydroxyl group, phenol group,

carboxyl group, thiol group etc. The polymeric material having

these functional groups and capable of swelling with or being

soluble in an aqueous medium includes, for example, polyphenol,

polyvinyl alcohol, polyvinyl pyrrolidone, polyacrylic acid,

10 polyethylene glycol, cellulose etc. Products endowed with swelling
properties or solubility, produced by copolymerizing these
polymeric materials with hydrophobic materials such as
polystyrene, can also be used. Examples of the reactive solid
beads include, for example, Bellpearl R type (phenol beads having

15 methylol groups) manufactured by Kanebo, Ltd.

The particle diameter of the solid beads is not particularly
limited, but from the viewpoint of attaining a higher degree of
modulus of elasticity and handling for dispersing them in
polyurethane, the particle diameter is preferably in the range of

20 about 0.1 to 100 pum.

The content of the solid beads is preferably about 1 to 40%
by weight relative to the polyurethane composition (polyurethane
containing the solid beads dispersed therein). For attaining a

higher degree of modulus of elasticity, the content of the solid

25 beads is preferably 3% by weight or more. For sufficiently
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Production of the polyurethane composition in this

5 invention is conducted by injecting a mixture of the polyurethane
materials and the solid beads into a mold, curing the mixture until
it loses fluidity, and forming the mixture, according to the
above-described method of producing polyurethane. A
polyurethane block (polyurethane composition) containing the

10 solid beads dispersed therein is thus obtained.

The resulting polyurethane block can be heated and
post-cured, and such procedures have an effect of improving the
physical properties of polyurethane, and are very preferable. The
curing reaction is conducted preferably at normal pressures to

15 stabilize the shape of bubbles. In production of the polyurethane
composition, a catalyst promoting the polyurethane reaction may
also be used. The type and amount of the catalyst can be suitably
determined. The polyurethane composition in this invention may
be produced either in a batch system wherein the respective

20 components in the stock solution of polyurethane are metered and
introduced into a vessel, and the mixed solution is stirred, or in a
continuous production system wherein the respective components
of the stock solution of polyurethane and an inert gas are

continuously supplied and stirred with a stirring device, while the

25 mixed solution is removed to produce molded products.
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: 0?7pp{gqqagdjasief the intended polishing pad. The thickness of the

polishing pad is usually 0.8 mm to 2 mm, and usually a sheet
having a thickness of about 1.2 mm is used.
The surface of the polishing pad can be provided with

grooves, or a flexible porous sheet etc. can be stuck on the

10 backside thereof. The grooves on the surface of the polishing pad
have an action in removing abraded dusts and abrasive grains from
the contact area between the polishing sheet and a material to be
polished. The shape of grooves is not particularly limited, and its
section is rectangular, triangular, U-shaped and semicircular, and

15 may have a sectional area through which fine powders pass. The
grooves are arranged in a concentric circle form, a latticed form
etc. on the sheet. The depth of the grooves, though being varied
depending on the thickness of the sheet, is about 0.4 to 0.8 mm.
Examples

20 Hereinafter, the present invention is described by reference
to the Examples, but this invention is not limited to these _

examples.

Example 1

(Formation of polyurethane composition (1))

25 500 parts by weight of a polyether prepolymer (Adiprene

32



1110 10 10, =

109& () - 2#109& () - & y2#10%& () - & #109%& () - & yM #109%& () - &qq?r PrrsG { Y7SH=
T1~F"10988& ()--1tF"10% . & ()--!1-#10%& ()-&

-#10% & () - & - #10%& () - & " 109%& () - G u?ubDvvwn} [ <SH=

11 27109 & ()-& ki 2" 10908& () - &Y($10%& () - & yY($1098: 3: &FHOPeTRPR o () -
'pQYS @10% *& ()- wawwwxxx]; !11f  #109%& ()-Y' k> #10%!& ()-Y a

#109&' ()-Y!' MLO%&' ()- 10 10 10= 10%& ()-xyyz {|!]|}[<];

11 (y#109%& () - 'l(y#lO%&'()-'"10%(&'()-&'t"lO%&'() & #109%&' ()-Y!'t?

#109& ()-YI f k~~ = 1111 f#10%& MLO9&' ()- 1Q 10 10=

1000/&@( § ) Zl##éb%o} uy oqp.gﬁmggg “ Q 251 me%/%, Qtanugactoure%
llllY(#lO%&' "8y #1098 () - &t &y#10%h&’ ok &#1?%&'() m pHE109%&: () - m#10% & (
) - m?BCDE m’pyal}, ﬂﬁ/&&tﬁ ylyeighg@f yrene acryl crosslmked beads
10%& () - 2#109%&' ()-' | pL2#10%& ()-' Y(#10%m& ()-' TLv}[<j_@!!!|

> $109%Z& (()Miqr# G351 avepage particleodimmeter 1100 NippoPaint0% : & () - &

8;<=>}"SH= 111 10z
Co., Ltd.), and 20 parts by weight of a silicon surfactant (SH-192,

5 Toray Dow Corning Silicone Co., Ltd.) were introduced into a vessel,
mixed and defoamed under reduced pressure at a temperature
regulated at 80°C. Then, the mixture was stirred so vigorously as
to incorporate bubbles, and 145 parts by weight of
4,4’-methylenebis{o-chloroaniline) previously melted at 120°C were

10 added thereto to give a mixed solution. The mixed solution was
stirred for about 1 minute, introduced into a pan-type open mold
and post-cured for 6 hours in an oven at 110°C, to give a
polyurethane finely foamed block {cell diameter 40 um) containing
styrene/acryl crosslinked beads dispersed therein. The density of

15 the polyurethane finely foamed block was 0.88 g/cm3.
Measurement of the density was carried out according to JIS K
7222 (Foamed Plastics, Rubber, and Measurement of Apparent
Density).

(Measurement of storage modulus of elasticity)

20 Then, the polyurethane finely foamed block was sliced in a
thickness of 1.27 mm under heating at about 50°C by a slicer
(VGW-125, manufactured by Amiteck), to give a polishing sheet. A
5 mm wide rectangular sheet was cut off from the polishing sheet
and measured, to indicate that its storage modulus of elasticity

25 was 295 MPa.
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5 conducted in a temperature-depending mode, and the storage
modulus of elasticity at 40°C was used.
(Preparation and evaluation of a polishing pad)
A double-coated tape (Double Tack Tape #5782,
manufactured by Sekisui Chemical Co., Ltd.) was stuck on the
10 resulting polishing sheet to complete a polishing pad. The
resulting polishing pad was evaluated in polishing characteristics
by a CMP polishing device (SPP-600S, manufactured by Okamoto
Kosaku Kikai). Using the polishing pad rotating at 35 rpm, a wafer
rotating at 33 rpm was polished with silica slurry (RD97001,
15 manufactured by Fujimi Incorporated) adjusted to pH 11 at a flow
rate of 150 g/min. under a polishing loading of 350 g/cm?,
(Flatness)
For evaluation of flatness, a thermally oxidized 0.5 pm
coating was deposited on a 6 inch silicon wafer and then subjected
20 to patterning at L/S (line and space) =25 ym/5 ym and L/S =5
um/25 um. and an oxidized coating (TEOS) was fl;.lrther deposited in
a thickness of 1 um thereon to prepare a patterned wafer having an
initial difference of 0.5 um in level. This wafer was polished under

the above-described polishing conditions, and when the difference

25 in global level was reduced to 200 nm or less, an abrasion loss in
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(Average polishing speed)
5 In evaluation of average polishing speed, a thermally
oxidized 1 um coating deposited on a 6 inch silicon wafer was
polished under the polishing conditions described above, and the
average polishing speed when the coating was polished by 0.5 uym
was determined. The average polishing speed was 110 nm /min.
10 A higher average polishing speed indicates higher performance.
Example 2
A polyurethane finely foamed block (cell diameter 35 um)
was obtained in the same manner as in Example 1 except that the
amount of the styrene/acryl crosslinked beads used was changed
15 to 72 parts by weight, and the amount of the silicon surfactant
used was changed to 30 parts by weight. The density of the
resulting polyurethane finely foamed block was 0.76 g/cm3. A
polishing sheet and a polishing pad were prepared in the same
manner as in Example 1 and evaluated in polishing. The modulus
20 of elasticity of the resulting polishing sheet was 278 MPa. The
- measured flatness and average polishing speed of the resulting

polishing pad are shown in Table 1.

Example 3

A polyurethane finely foamed block (cell diameter 30 um)

25 was obtained in the same manner as in Example 1 except that the
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‘used was changed to 40 parts by weight. The density of the
resulting polyurethane finely foamed block was 0.69 g/cm3. A
polishing sheet and a polishing pad were prepared in the same
manner as in Example 1 and evaluated in polishing. The modulus
of elasticity of the resulting polishing sheet was 271 MPa. The
measured flatness and average polishing speed of the resulting
polishing pad are shown in Table 1.
Example 4

A polyurethane finely foamed block (cell diameter 30 ypm)
was obtained in the same manner as in Example 1 except that 34
parts by weight of crosslinked methyl polymethacrylate beads
(Techpolymer MBX-15, particle diameter 15 um, Sekisui Chemical
Co., Ltd.) were used in place of 34 parts by weight of the
styrene/acryl crosslinked beads. The density of the resulting
polyurethane finely foamed block was 0.80 g/cm?. A polishing
sheet and a polishing pad were prepared in the same manner as in
Example 1 and evaluated in polishing. The modulus of elasticity
of the resulting polishing sheet was 280 MPa. The measured
flatness and average polishing speed of the resulting polishing pad
are shown in Table 1.
Comparative Example 1

500 parts by weight of a polyether prepolymer (Adiprene

L-325; isocyanate group concentration 2.22 meq/g, manufactured
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8 109&' ()- Y(#109%@& ()-:}[<laB 10! Ys"10%& ()-!pVYs"10%& () -
Y, #10%& () -'!pY, #109&' ()-' '109%4& ()-:!'!1109%& ()-:{\=2B 10= 10%& ()-Y;
M10%&R ()-3 810%& ()-  Y(#10983& ()-M!
Y(#10%*& ()-M ~Y(#10%8& ()-M +nigHB  103@" 10%&' ()- & k3@" 10¥88&' () - &
#109%&' ()-'! #109%&' ()-'s!MIO% ()- 10 10%{Y: HB F-P03026TB(SG)
10Y2#109& () -: 't Y2#10%AA&' () -: F*"109%& ()-4't RF*"10%AA& ()-4
yFsf #10%-F& () - @ KMFsf #10988&' () - @' () *9ABIgH  10Y2#< X 10%Z& ()-#< X
10%Z& ()-s109%Z& ()-! 10%Z& ()- 10 10 10=10%& ()-JR[cdeny_@H 10< X
10%Z& ()-&< X 109%Z& ()-)?
by Uniroyal) and 13 parts by weight of Expancell 551DE (fine
hollow spheres consisting of a vinylidene chloride/acrylonitrile
copolymer, manufactured by Nippon Ferrite) were mixed in a vessel
and defoamed under reduced pressure. Then, 145 parts by weight
5 of 4,4’-methylenebis(o-chloroaniline) previously melted at 120°C
was added thereto to give a mixed solution. The mixed solution
was stirred for about 1 minute, introduced into a pan-type open
mold and post-cured for 6 hours in an oven at 110°C, to give a
polyurethane finely foamed block (cell diameter 40 ym). The
10 density of the polyurethane finely foamed block was 0.75 g/cm3.

A polishing sheet and a polishing pad were prepared in the
same manner as in Example 1 and evaluated in polishing. The
modulus of elasticity of the resulting polishing sheet was 268 MPa.
The measured flatness and average polishing speed of the resulting

15 polishing pad are shown in Table 1.
Comparative Example 2

A polyurethane finely foamed block (cell diameter 30 pm)
was obtained in the same manner as in Example 1 except that the
amount of the silicon surfactant used was changed to 80 parts by

20 weight. The density of the resulting polyurethane finely foamed
block was 0.66 g/cm3. A polishing sheet and a polishing pad were
prepared in the same manner as in Example 1 and evaluated in
polishing. The modulus of elasticity of the resulting polishing

sheet was 210 MPa. The measured flatness and average polishing

25 speed of the resulting polishing pad are shown in Table 1.
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100Z& ()-)? V <

Table 1
Density Storage Flatness Average
(g/ cm3) modulus (nm) polishing
of speed
elasticity (nm/min)
(MPa)
Example 1 0.88 296 70 110
Example 2 0.76 278 85 120
Example 3 0.69 271 90 125
Example 4 0.80 280 80 120
Comparative 0.75 268 100 115
Example 1
Comparative 0.66 210 130 120
Example 2

As is evident from Table 1, the polishing pads obtained from
5 the polyurethane composition (1) of this invention are excellent in
flatness, and the polishing speed is also satisfactory. This is
probably because the polishing pads of this invention are made of a
highly elastic microcellular polyurethane foam having density in
the specific range.
10 Example 5
(Formation of polyurethane composition (2): Example using
hygroscopic solid beads)
500 parts by weight of a polyether prepolymer (Adiprene
L-325; isocyanate group concentration 2.22 meq/g, manufactured
15 by Uniroyal), 34 parts by weight of hygroscopic acryl solid beads
(HU-720P, average particle diameter 50 pym, manufactured by
Nippon Exran), and 19 parts by weight of a silicon surfactant

(SH-192, manufactured by Toray Dow Corning Silicone Co., Ltd.)
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were introduced into a vessel, mixed and defoamed under reduced
pressure at a temperature regulated at 80°C. Then, the mixture
was stirred so vigorously as to incorporate bubbles, and 145 parts
by weight of 4,4’-methylenebis(o-chloroaniline) previously melted

5 at 120°C was added thereto. The mixed solution was stirred for
about 1 minute, introduced into a pan-type open mold and
post-cured for 6 hours in an oven at 110°C, to give a polyurethane
finely foamed block (cell diameter 40 um). The density of the
polyurethane finely foamed block was 0.79 g/cm3,

10 A polishing sheet and a polishing pad were prepared in the
same manner as in Example 1 and evaluated in polishing. The
modulus of elasticity of the resulting polishing sheet was 292 MPa.
The measured flatness, uniformity in surface, and average
polishing speed of the resulting polishing pad are shown in Table 2.

15 The uniformity in surface was measured by the following method.
(Uniformity in surface)

For evaluation of uniformity in surface, a thermally oxidized
1 um coating deposited on a 6 inch silicon wafer was polished
under the polishing conditions described above until the thickness

20 of the thermally oxidized coating was reduced to 0.5 um, and its
flatness was evaluated, and then the thickness at 28 points of the
coating on the wafer were measured. The uniformity in surface, as
determined from the following equation, was 7.0%. A lower value
of uniformity in surface indicates higher uniformity.

25 Uniformity in surface (%) = {{maximum coating thickness ~
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S2" 109/ M& & !S 10O 2" 10%¢ | &' 100 M I& 10%#& --
$109%VEME () ()589A Rfé‘lt}zwt g@:&esj oixqgs%)%(ﬁl}ém ﬁ%& ()

511 (- #109W8s QiaineA i tbogeangs smaner ab iR RSpRIC 13:}”#* ét%ue
S ARG T T e
O' (L'10% # & ()-L!'10% # & ()-L!'10% # & ) BHA1QL! 10% # & ()-/K)
0! L! 10% #7% partsibyweight( ) The density of thexssulting polyursthany K)
finely foamed block was 0.75 g/cm3. A polishing sheet and a
polishing pad were prepared in the same manner as in Example 5
and evaluated in polishing. The modulus of elasticity of the
10 resulting polishing sheet was 274 MPa. The measured flatness,
uniformity in surface and average polishing speed of the resulting
polishing pad are shown in Table 2.
Example 7
A polyurethane finely foamed block (cell diameter 40 um)
15 was obtained in the same manner as in Example 5 except that the
hygroscopic acryl solid beads HU-720P were used in an amount of
161 parts by weight. The density of the resulting polyurethane
finely foamed block was 0.73 g/cm3. A polishing sheet and a
polishing pad were prepared in the same manner as in Example 5
20 and evaluated in polishing. The modulus of elasticity of the
resultir;g polishing sheet was 281 MPa. The measured flatness,
uniformity in surface and average polishing speed of the resulting
polishing pad are shown in Table 2.
Example 8

25 A polyurethane finely foamed block (cell diameter 30 yum)
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was obtained in the same manner as in Example 5 except that the
silicon surfactant SH-192 was used in an amount of 80 parts by

15 weight. The density of the resulting polyurethane finely foamed
block was 0.70 g/cm3. A polishing sheet and a polishing pad were
prepared in the same manner as in Example 5 and evaluated in
polishing. The modulus of elasticity of the resulting polishing
sheet was 235 MPa. The measured flatness, uniformity in surface

20 and average polishing speed of the resulting polishing pad are
shown in Table 2. The result of evaluation of the polishing pad

obtained in Comparative Example 1 is also shown in Table 2.
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Table 2
Density | Storage |Flatness |Uniform |Average
(g/cm3) | modulus | (nm) ity in polishing
of surface |speed
elasticit (%) (nm/min)
y (MPa)
Example 5 0.79 292 70 7.0 120
Example 6 0.75 274 920 4.5 135
Example 7 0.73 281 80 4.5 135
Example 8 0.80 294 75 6.0 120
Comparative | 0.75 268 100 8.0 115
Example 1
Reference 0.70 235 125 6.0 120
Example 1

As is evident from Table 2, the polishing pads obtained
according to this invention satisfy both flatness and uniformity in
5 surface. This is probably because the polishing pads of this
invention are highly elastic, while at the time of polishing, that is,

at the time of wetting, the surfaces only of the polishing pads are

softened.
Example 9

10 (Formation of polyurethane composition (2): Example using
reactive solid beads)

500 parts by weight of a polyether prepolymer (Adiprene

‘L-325; isocyanate group concentration 2.22 meq/g, manufactured
by Uniroyal), 34 parts by weight of reactive phenol solid beads

15 (R-800, average particle diameter 20 ym, manufactured by Kanebo,
Ltd.), and 20 parts by weight of a silicon surfactant (SH-192,
manufactured by Toray Dow Corning Silicone Co., Ltd.) were

introduced into a vessel, mixed and defocamed under reduced
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pressure at a temperature regulated at 80°C. Then, the mixture
was stirred so vigorously as to incorporate bubbles, and 145 parts
by weight of 4,4’-methylenebis(o-chloroaniline) previously melted
at 120°C was added thereto to give a mixed solution. The mixed
5 solution was stirred for about 1 minute, introduced into a pan-type
open mold and post-cured for 6 hours in an oven at 110°C, to give a
polyurethane finely foamed block (cell diameter 35 um) containing
styrene/acryl crosslinked beads dispersed therein. The density of
the polyurethane finely foamed block was 0.76 g/cm?.
10 A polishing sheet and a polishing pad were prepared in the
same manner as in Example 1 and evaluated in polishing. The
modulus of elasticity of the resulting polishing sheet was 270 MPa.
The measured flatness, uniformity in surface, average polishing
speed and scratch of the resulting polishing pad are shown in Table
15 3. The scratch was measured by the following method.
(Scratch)
For evaluation of scratches, a thermally oxidized 1 ym
coating deposited on a 6 inch silicon wafer was polished until the
thickness of the thermally oxidized coating was reduced to 0.5 pm
20 under the above described polishing conditions, and then the wafer
was washed and dried, and examined for micro-scratches generated
per wafer by KLA (KLA2112, manufactured by KLA Tencall),
indicating that the number of micro-scratches per wafer was 22. A

smaller number of scratches indicates higher performance.

25 Example 10
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A polyurethane finely foamed block (cell diameter 40 pum)
was obtained in the same manner as in Example 9 except that the
amount of the reactive phenol solid beads used was changed into
72 parts by weight. The density of the resulting polyurethane
finely foamed block was 0.75 g/cm?3. A polishing sheet and a
polishing pad were prepared in the same manner as in Example 9
and evaluated in polishing. The modulus of elasticity of the
resulting polishing sheet was 279 MPa. The measured flatness,
uniformity in surface, average polishing speed and scratch of the
resulting polishing pad are shown in Table 3.

Example 11

A polyurethane finely foamed block (cell diameter 40 im)
was obtained in the same manner as in Example 9 except that the
amount of the reactive phenol solid beads used was changed into
161 parts by weight. The density of the resulting polyurethane
finely foamed block was 0.71 g/cm?. A polishing sheet and a
polishing pad were prepared in the same manner as in Example 9
and evaluated in polishing. The modulus of elasticity of the
resulting polishing sheet was 277 MPa. The measured flatness,
uniformity in surface, average polishing speed and scratch of the
resultiﬁg polishing pad are shown in Table 3.

Reference Example 2

A polyurethane finely foamed block (cell diameter 40 nm)

was obtained in the same manner as in Example 1 except that in

Example 9, 34 parts by weight of polystyrene solid beads (SBX-17,
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average particle diameter 17 pm, manufactured by Sekisui
Chemical Co., Ltd.) were used in place of the reactive phenol solid
beads. The density of the resulting polyurethane finely foamed
block was 0.77 g/cm3. A polishing sheet and a polishing pad were

5 prepared in the same manner as in Example 1 and evaluated in
polishing. The modulus of elasticity of the resulting polishing
sheet was 288 MPa. The measured flatness, uniformity in surface,
average polishing speed and scratch of the resulting polishing pad
are shown in Table 3.

10 The result of evaluation of the polishing pad obtained in

Comparative Example 1 is also shown in Table 3.

Table 3
Densit | Storag | Flatnes | Uniformit | Average | Scratche
y e s (nm) |yin polishin |s
(g/cm | modul surface g speed | (number
3) us of (nm/mi | /wafer)
elastic n)
ity
(MPa)
Example |0.76 270 90 7.5 115 22
9
Example |0.75 279 80 8.5 120 29
10
Example |0.71 277 80 8.0 120 38
11 .
Compara | 0.75 268 100 8.0 115 90
tive
Example
1
Referenc | 0.77 288 75 9.5 115 120
e
Example
2
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As is evident from Table 3, the polishing pads obtained
according to this invention satisfy both flatness and uniformity in
surface with less scratch. This is probably because the polishing

5 pads of this invention are highly elastic, while at the time of
polishing, that is, at the time of wetting, the surfaces only of the
polishing pads are softened.

Example 12
(Formation of polyurethane composition (2): Example not
10 containing chlorine)

450 parts by weight of a polyether prepolymer (Adiprene
L-325; isocyanate group concentration 2.22 meq/g, manufactured
by Uniroyal), 61 parts by weight of fine cellulose particles {Avicel,
particle diameter 20 to 100 um, manufactured by Merck) and 18

15 parts by weight of a silicon surfactant (SH-192, manufactured by
Toray Dow Corning Silicone Co., Ltd.) were introduced into a vessel,
mixed and defoamed under reduced pressure at a temperature
regulated at 60°C. Then, the mixture was stirred so vigorously as
to incorporate bubbles, and 103 parts by weight of

20 3,5-bis(methylthio)-2,4-toluenediamine/3,5-bis(methylthio)-2,6-tol
uenediamine mixture (ETHACURE-300™, mixing ratio 80/20,
manufactured by Alubemal Asano) were added thereto and stirred
for about 1 minute, and the mixed solution was introduced into a
pan-type open mold and post-cured for 6 hours in an oven at 110°C,

25 to give a polyurethane finely foamed block (cell diameter 40 um)
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containing fine cellulose particles dispersed therein. The density
of the polyurethane finely foamed block was 0.77 g/cm3.

A polishing sheet and a polishing pad were prepared in the
same manner as in Example 1 and evaluated in polishing. The

5 modulus of elasticity of the resulting polishing sheet was 305 MPa.

The measured flatness, average polishing speed and scratch of the
resulting polishing pad are shown in Table 4.
Example 13

A polyurethane finely foamed block (cell diameter 40 um)

10 was obtained in the same manner as in Example 12 except that the
amount of the fine cellulose particles was changed into 138 parts
by weight. The density of the resulting polyurethane finely
foamed block was 0.74 g/cm?3. A polishing sheet and a polishing
pad were prepared in the same manner as in Example 1 and

15 evaluated in polishing. The modulus of elasticity of the resulting
polishing sheet was 330 MPa. The measured flatness, polishing
speed and scratch of the resulting polishing pad are shown in Table
4.

Example 14

20 A polyurethane finely foamed block (cell diameter 40 m)
was obtained in the same manner as in Example 12 except that 61
parts by weight of KC Flock W-400G (particle diameter of 24 um or
less, manufactured by Nippon Seishi) were used as fine cellulose
particles. The density of the resulting polyurethane finely foamed

25 block was 0.75 g/cm3. A polishing sheet and a polishing pad were
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2#10%6& () - & 2#10%NENE () - & F Y(! 10%#& ;)-' Yg!( 1098 #1 & () -°
FS#10984 &Ppelisliingd 1 Fhe nmeduing of claat @f ghe resudtirgy/godishing
3#10%9&& () -m Fs! MLOYg&&' () - 10#10#@h| [ NA410109g&109&109& F=10%9&& () -
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"10%t& ()-Ps "10%t& ()-Ps "10%t& ()-Ps "10%#t& ()-P F10%t&' () -
FI* 10%t& syraieaned the tdftiting polisHibpopdd (QrePshowhoamTapl®MK {"s
"10%t& ()-Ps "10%t& ()-PoS3NA410s "10%t& ()-Ps "10%t& ()-P/IK {"s
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"10%t& ()-Ps 121.8 parts by weight of toluene diisocyanate
(2,4-isomer/2,6-isomer = 80/20 mixture), 78.6 parts by weight of
4,4’-dicyclohexylmethane diisocyanate, 250 parts by weight of
polytetramethylene glycol having a number-average molecular
10 weight of 1000, and 26.5 parts by weight of diethylene glycol were
introduced into a vessel and heated at 80°C for 120 minutes under
stirring to give an isocyanate-terminated prepolymer. 138 parts
by weight of fine cellulose particles (Avicel, particle diameter of 20
to 100 um, manufactured by Merck) and 18 parts by weight of a
15 silicon surfactant (SH-192, manufactured by Dow Corning Toray
Silicone Co., Ltd.) were introduced into the mixture, mixed and
defoamed under reduced pressure at a temperature regulated at
60°C. Then, the mixture was stirred so vigorously as to
incorporate bubbles, while 80.1 parts by weight of
20  3,5-diethyltoluene-2,4-diamine/3,5-diethyltoluene-2,6-diamine
mixture (ETHACURE-100™, manufactured by Alubemal Asano) were
added thereto. The mixture was stirred for about 1 minute, and
the mixed solution was introduced into a pan-type open mold and

post-cured for 6 hours in an oven at 110°C, to give a polyurethane

25 Nfinely foamed block (cell diameter 35 um) containing fine cellulose
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particles dispersed therein. The density of the polyurethane finely
foamed block was 0.75 g/cm3. A polishing sheet and a polishing
pad were prepared in the same manner as in Example 1 and
evaluated in polishing. The modulus of elasticity of the resulting

5 polishing sheet was 308 MPa. The measured flatness, polishing
speed and scratch of the resulting polishing pad are shown in Table
4.
Reference Example 3

A polyurethane finely foamed block (cell diameter 40 um)

10 was obtained in the same manner as in Example 12 except that 61
parts by weight of polystyrene solid beads (SBX-17, average particle
diameter 17 uym, manufactured by Sekisui Chemical Co., Ltd.) were
used in place of the cellulose fine particles. The density of the
resulting polyurethane finely foamed block was 0.78 g/cm3. A

15 polishing sheet and a polishing pad were prepared in the same
manner as in Example 1 and evaluated in polishing. The modulus
of elasticity of the resulting polishing sheet was 310 MPa. The
measured planarity, polishing speed and scratch of the resulting
polishing pad are shown in Table 4.

20 The result of evaluation of the polishing pad obtained in

Comparative Example 1 is also shown in Table 4.
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Table 4

Storag | Planarity | Polishing | Scratche | Presence of
e (nm) speed s chlorine
modulu (nm/min | (number) | atoms in the
s of ) polyurethane
elastici composition
ty
(MPa)

Example |305 75 115 30 No

12

Example |330 60 110 32 No

13

Example |309 75 115 25 No

14

Example 308 70 105 26 No

15

Comparati | 268 100 115 20 Yes

ve

Example 1

Reference | 310 75 115 185 No

Example 3

As is evident from Table 4, the polishing pads obtained
according to this invention are prepared from chlorine-free
5 materials and are thus capable of thermally recycle (thermal

recovery by combustion), achieve both improvement in planarity
and reduction in scratches, and the polishing speed is also
satisfactory. In Comparative Example 1, on the other hand, the
polyurethane contains chlorine atoms and fine hollow spheres, and

10 the evaluation results of planarity and scratch ar;a inferior. In
Reference Example 3, the solid beads are not swollen with or
dissolved in the aqueous medium, and thus the evaluation result of
scratch is inferior, and control of the reaction is more difficult

than in Example 12.
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Industrial Applicability
The polyurethane composition of this invention is useful as

a polishing pad and usable for example in flattening processing

5 materials requiring surface flatness at high level, such as optical
materials such as an optical lens and a reflective mirror, a silicon
wafer, a glass substrate for a hard disk, an aluminum substrate, and
general metal. Accordingly, this invention is highly industrially
applicable.

10
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CLAIMS

1. A polyurethane composition containing solid beads
dispersed in polyurethane, characterized in that the polyurethane
is a microcellular polyurethane foam having microcells and the

5 composition has a storage modulus of elasticity at 40°C of 270 MPa
or more as measured by a dynamic viscoelasticity measuring
device.

2. The polyurethane composition according to claim 1,
characterized in that the density of the polyurethane composition

10 is 0.67 to 0.90 g/cm3.

3. The polyurethane composition according to claim 1 or 2,
characterized in that the microcellular polyurethane foam having
microcells contains a silicon surfactant as a foam regulator.

4. A polyurethane composition containing solid beads

15 dispersed in polyurethane, characterized in that the solid beads are
solid beads swelling with or soluble in an aqueous medium.

S. The polyurethane composition accerding to claim 4,
characterized in that the solid beads are acryl beads swelling with
or soluble in an aqueous medium.

20 6. The polyurethane composition according to claim 4,
charac;terized in that the solid beads are fine cellulose particles
swelling with or soluble in an aqueous medium.

7. The polyurethane composition according to any one of
claims 4 to 6, characterized in that the solid beads have functional

25 groups capable of reacting with polyurethane or starting materials
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contain a chlorine atom as an element.
10. The polyurethane composition according to any one of
10 claims 4 to 9, characterized in that the polyurethane is a
microcellular polyurethane foam having microcells.

11. The polyurethane composition according to any one of
claims 4 to 10, characterized in that the storage modulus of
elasticity at 40°C measured by a dynamic viscoelasticity measuring

15 device is 270 MPa or more.

12. The polyurethane composition according to any one of
claims 4 to 11, characterized in that the density of the
polyurethane composition is 0.67 to 0.90 g/cm3.

13. The polyurethane composition according to any one of

20 claims 10 to 12, characterized in that the microcellular
polyurethane foam having 'microcells contains a silicon surfactant
as a foam regulator.

14. A polishing pad formed from the polyurethane

composition described in any one of claims 1 to 13.

25 15. A method of producing a microcellular polyurethane
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5 component and/or the second component,

a silicon nonionic surfactant not having a hydroxyl group is
added in an amount of 0.1 to less than 5% by weight based on the
total amount of the first and second components, to the first
component and/or the second component,

10 the component(s) to which the surfactant was added and an
inert gas are stirred to prepare a cellular dispersing liquid having
the inert gas dispersed as microcells, and

the cellular dispersing liquid is mixed with the remainder of
the component and cured to produce the polyurethane

15 composition described in claim 3 or 13.
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