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APPLI CATI ONS This application is a national stage

application under 35 USC 371 of International °

Application No. PCT/JP2007/059970, filed May 15, 2007,

which clains the priority of Japanese Patent

Application No. 2006-137356, filed May 17, 2006, the
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I NVENTI ON The present invention relates to a nethod
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In such nmethod, the end-point is determ ned by know ng
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w % or |ess. The polyurethane resin is preferably a
cured product obtained by reacting an aliphatic and/or
alicyclic isocyanate-term riated prepolymer with a
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illustration showi ng one exanpl e of a conventi onal

pol i shing apparatus used in CWP polishing. FIG 2 is a
schematic sectional view show ng one exanple of the
pol i shing pad of the present invention. FIG 3 is a
schemati c sectional view showi ng anot her exanpl e of
the polishing pad of the present invention. FIG 4 is
a schematic sectional view show ng anot her exanpl e of
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8 having an aromatic ring density of 2 wt % or |ess,

and the light transmttance of the light-transmtting
region is 30% or nore in the overall range of °
wavel engt hs of 300 to 400 nm The pol yurethane resin
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extender in the pol yurethane resin can be changed
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the other 11 hand, when the light-transmtting region

is too thin, durability beconmes insufficient. The
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used as the material of a polishing |layer, but in the
present invention, fine-cell foamis preferably used.
When the fine-cell foamis used, slurry can be
retained on cells of the surface to increase the rate
of polishing. The material for form ng the polishing
regi on includes, for exanple, polyurethane resin,
pol yester resin, polyam de resin, acrylic resin,



The inert gas used for formng fine cells is

preferably not conbustible, and is specifically

ni trogen, oxygen, a carbon &li oxi de gas, a rare gas °

such as heliumand argon, and a m xed gas thereof, and

the air dried to renove water is nost preferable in

respect of cost.

oAsastl rrerfordi spersingthesilicone-basedsurfactant-con

wt % 8 I§F%ig i socyanate-termninated prepol ymer to formfine

cells with the |nert gas, known stirrers can be used

wi t ho articular_limtatiaon n a es_thereof
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selopiedo. deim 3. the13 arowp ot caneistind ot o ahB-hexaretyienedispayanate,
4.4 J&c&bl@ﬁe@'}n@tﬂgﬁé&@@@aﬂa@x 588 GIphbFonkBfsotariahél 'ﬁieeﬁolyurethane

ectlveg I'n particular, stlrrln Inthf%éé‘ﬂie g
resit Farfaig e PrepeVEter pF ihadSacyinats CAMRERLI RIS gs @ material
of thtlight-B&ndmiitting o mbédilisk af BeloddrbMmatiSriny édrasitpbl y used.
Such a stirrer 1s preferably a planetary m xer. The
same stirrer may be used in the stirring step and the
In thel presant stveptionatiek reaierial fngmng)mﬁ lighbtrensnoittimgaiegion is preferably a
I I r [ I
non fcgé’rﬁ] Z{wé g%gsf@%@(:%gsnsgré%eﬁl{ ||§I{t %ttglln??dgs acgu‘?s ;ggl:ﬁé gnt? détectlng
aCClr:f@ieyf@ﬂ%@tﬁmﬁ?eafbe%ﬁﬁabl@e@ft impgpviietheecuEgy ioh gefsﬁt'qm@fgth@ &pfical
end PRI bNsslispihger casting and reacting the form ng
reaction liquid in a nmold until the dispersion | ost
fluidity are effective in inproving the physical

TheFHL@iBeé tofehRe OJQhE-tF@'\QCnﬂmn?g ragion aatethe golisting sider ébe abl Rave an

uneyeth st S sERFre Pad rPhSinG Rt ARESES b, SR fyeRtcopic
surfaced ene@nobss Bnpliesentngn theeatrface ofothei lighttiaranaiting region at the
pohsgnﬂ‘gﬂe%&e?d t?luFrg férﬁé‘i%b"ﬁd&uﬂ\?&o%%eﬁ Sas %}bgaén%f%rsihg may be

te s are”not 1 ncreased cur
accyredateddm its sorase pettiens 1 edusediaht scatterg ard al]!ﬁoé@@@rt@@(e” an
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ur et hane resin, Known cat al
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regigin ot BOY e RESERORIs TR LASVeIEe Leien DR hfeause when
macﬁd@aﬂ@@uﬁa&@aﬁ@l/e@ﬁéﬁi igirésentBlighb ecatieeitlg elibity dotes, avidch may
exeri '?l ﬁet ag ale%;c\sﬁtJ added are determned in
8R4l HS?%et?'b GFH B in casti ng in a

predeterm ned nold after the m xing step. Pr oducti on
t

In tlﬁ%rteggntpiﬂkéﬂ%ﬁ ﬁ‘@nﬁ?{eﬁg Hhtgg '(t)rﬂ-:i Bollréﬁbg\'gg §rBreferably a
fine-gektoam.and mi xed or in a cont| nuous producti on system

V\,here each conponent and an inert gas are continuously

plied to, and stirred in,_a stirrin ppar at us , and

The ayerades ool Aiagreter) of thesfis-sslbioar is gl Bl &} it oF 1655, more
pref@abBIEUM DI (e, Whih ehe Sverdfie colDliamRtards V@gm)dir less, planarity is
. rgr oqci]uced by cutting the above prepared pol yurethane
im into a piece of predeterm ned size. The polishing

regi on consisting of fine-cell foamis preferably
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e su ace O
Wherothe spesifiqudrayity ipless drando ﬁatf@r stegngthry fgthscﬁurfgm afthe polishing
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retain slurry, and for further eff ICIr%q pPSJIQn and
gravitg m@tebﬂﬁagﬂumewumr%fmepqe@% enthegriace ohibemRlisingfroion s

of a polished material by adsorption, the polishing
regi on preferably has grooves on the surface thereof
in the polishing side. The shape of the grooves is not
14 particularly limted insofar as slurry can be

retai ned and renewed, and exanples include latticed
grooves, concentric circle-shaped grooves,

t hr ough- hol es, non-through-hol es, polygonal prism



In a fourth exanple, as shown in FIG 5, a cushion
| ayer 11 having a doubl e-sided tape 12 provided with a
rel ease paper 13 is provided with an openi ng of °
predeterm ned size. Then, a polishing region 9 having
an opening of predeterm ned size is stuck on a
~doubl e-si ded tape 10 which is then stuck on the
cushi on layer 11 such that their openings are
decr,gggepq iadeiheirate pfapalighipg ﬁqarggeto be dpcregsed even though planarity is
goodii ght-transmtting region 8 is inserted into, and
stuck on, the opening of the polishing region 9. In
this case, the opposite side of the polishing region
Thei Askepdh heodridsat ofdihet firetcell foayn fxe peaferablyl 40 ¢d, 7Gadegrely snore

pref?rﬁwwfﬁo éél' d]ealreec k/\ﬂ'rcénntﬂe skbrc' Dplﬁ?rhﬁés%bkﬁ%?s[ @1%9 th%ddendr@e the

prepari
planefityf ofr aipatjshad m@tﬁﬂahgs ﬁﬁcreﬁ%aqodvhﬂghwh@ theyAsker A chargness is
greaﬁétsthéﬁ’ ol RYRE, te ﬂ@ﬁarﬁ?@ §604, Bt the! driofrRiel o@ibolfsﬂéd material
mpl e, a nethod of opening by pressing wth a jig
ta“ﬁé??ﬁgeﬂmﬁﬁﬂilng ability, a nmethod of utilizing a
| aser such as a CO2 | aser, and a nethod of cutting
a e and sha
The Sblhe ey 3RS of PgRehE £ RARRRDloch B8, whicn
comprised adtepldfepalistihg thre swafeee of mq;mmsmcbstd‘rcwafer with the polishing
ics of the polishing region (polishing
pad?Q%é?%E%%hégcushlon | ayer is required for satisfying
both planarity and uniformty which are in a tradeoff
BRIEE DESCHIPTION OF AlReBReaViNGgs hani cal pol i shing (CWP).
Planarity refers to 16 flatness of a pattern region
upon polishing an object of polishing having fine

FIG.UIﬂGIy eNseHEngie Nlistiation Whowingadriee exarhplendft &4 @onvemtidnal polishing
ers to the uniformty of the whole of an

u m,t
app%B} éF98#¥8&ﬁﬂ§WFWB Planarity is inmproved by the
characterlstlcs of the polishing layer, while
r .
FIG cuf]u‘s %r%atlecf‘séc ea‘?\g{jegh%or\&uﬁigfé?@&%@g% dﬁﬁ%g&b }{ tf;% of the
WEQQ@UHU@“KMe present invention is preferably softer than
the polishing |ayer. The material forning t he cushion
| ayer i s not artlcularl |n1te and gﬁ] L
FIGSH I ARl SN IS HRN PRANEL BTTEIS O esgolghing pad of
the presatesiventistonwoven fabric, a nylon nonwoven fabric or
an acrylic nonwoven fabric, a nonwoven fabric
i npregnated with resin such as a pol yester nonwoven
FIGfalra schefmﬂt@mtumhl wiethsheoving: esothenexampée phthe padishing pad of
pol yur et hane foam and pol yet hyl ene foam
tma&Q%%Lr re§?ﬁ such as but adi ene rubber and i soprene
rubber, and photosensitive resin. The neans of
FIG.S§ |sC& ‘s&%nﬁzﬂfe éé@hbr%“ ‘vl&r $HfRg HAGHe! Qxérﬂﬁe I%PtHeS[SBhBBmg pad of
region 9 on the cushion Iayer 11 incl
the prggRRlinventicthet hod of pressing the poli shi ng reg| on and
t he cushlon Iayer haV|ng a doubl e-si ded tape
e eb |l e-sided ta ral
FIG. SRS PO INRIELPR SBRviad 8, et B = v PPl crppratus
havibgthe mdekwnt@fete]:tlbaslewmabfahe@resenthvemloa nonwoven
fabric or a film In consideration of perneation of
slurry into the cushion layer, a filmis preferably
DETAdRD BESORIP BN OfrakHz INVENTIRN conposi tion of the
adhesi ve |l ayer includes, for exanple, a rubber-based
adhesi ve and an acrylic adhesive, In copsideration of
The figBL GRS G¢9iRG 4TS BreseRt 'nvwloamnr@eam@ Yethage resin
pref erabl e because of a | ower content of metallic ion.
Because the polishing region and the cushion |ayer can
be different in conposition, the conposition of each
adhesi ve | ayer of the doubl e-sided tape can be
different to make the adhesion of each |ayer suitable.
The nmeans of sticking the cushion |ayer 11 on the
doubl e-si ded tape 12 includes a nethod of sticking the



18 (thickness: 1.25 nm to prepare a sanple for
nmeasurenent of light transmttance. The sanpl e was
placed in a glass cell fill&d with extra-pure water °
(optical path length 10 nm x optical path width 10 mm
x hei ght 45 nm manufactured by SOG0 LABORATORY GLASS
WORKS CO., LTD.) and neasured in the measuremsnt
wavel ength range of 300 to 400 nm wi
havigg &pt 3TepKRHE (5'ﬁ‘€td&“3'([w %dﬁoﬁ»@f IS lﬂngctf‘ﬁr“@at BynsapitaRas-Qf the
lightGeineaiteihg eation IsNBG% @r MRS i eieterslbRinige offwavehyths of 300 to
400tnr ansm ttance, |ight transmttance per nmthickness
WS expressed by using the Lanbert-Beer |aw. Light
transmttances at 300 nmand 400 nm and the naxinmm

The&%@uf@ f@rsgw'nggat gﬁ%ﬁ@@rﬁét%%cb&eﬁ E%Sﬁgmﬁ%b%ﬁ&% esistant
and gapghigel éfﬁ.sﬁmgé‘ﬂe lighs serjteriag in thahahtetf@rsmmn@ &Q'W%Gd by
dres%ﬁ@'t%@e‘éjﬁﬁn@?él%hlr@' to be as thin as about 1 mmby a

t

m crotone cutter was used as a sanple for neasurenent
of average cell dianeter. The sanple was fixed on a

The polydetigarsesinds doﬂishlleutddi ahat Sb@yamét@d:dmmielns a polyon component

@ iR S it &l R Tl Ca dnain

extebgerToyobouseki Co., Ltd), to calcul ate the aver age
cell dianmeter. (Measurenment of Specific Gavity)
Det erm ned according to JI'S Z8807-1976. A polishing
As the ffosyanale component &, eompeyRdonayvnsinrthe fighd of quﬁuxetbar@ €3n be

used W'thMtnﬁéi'ﬁcule ﬁ}hﬁétﬂinY)Thé/a%dyéﬁéieaéon%cﬁféﬁpirféltfd@& for example

ﬁirement of eci %2 @rawt and lef%.ﬁfz
aromiic;AISSRANA SN 6F 29 oAaegtS, 3.6, Bluelg Aoty anate,
2,2'-diphieall tnyetbénéﬂ%bﬁ%ndt&a@wcwmyl mathaaerdiiscdyadatey 4 4sdipbenyl

M N T O T
m-phdrytamee aiisncyasate.omdxytient atisotydinaty tand) NExHPeEs- disogyanate,
allph%tlﬁquﬁé%'aﬂgteg %@bﬁ’ %scé’c;\yIQﬁ’é dilé@)cgar%té €2 9f4. t%fﬁ‘e'ﬂ}% héx&hethylene

trar Yy was use as a
diisaggaRaie R i6- mxa%ﬁt@ﬂ@?,%dleﬁeeyar@m, areraliogeiR slisacypRalgs such as

1,4- @&}Uhé%ﬁéﬁ"ﬂilsﬁ aﬁatbe'mﬂ?f R’éfoﬁeﬂfl Mdthdhe aikdcfariditdll fobbiorone

SO%FS({ time o asur enent %ja% es were, ‘
discGyanEte B BRORRIEILFO B ater TS AL s IR i Bixte o
two bmdmethNﬂor(gﬂtHeeé companeshts sip aticadiisoogranates cindrae dlicyclic

disciiorier & Rrels ety to At fo AR ok B fosk SRSy, pf arpgratic
ringsT land @aaiqwhirlyoat lodstoptei dilsbcydeatecsdlesied frofri Tham groip konsisting of
t

1 G-Hg)%aﬂ’le‘ﬂ@flﬂf V"%ﬁs&églgﬂéirgng?{% %l%ﬁpéﬁhﬁgmaﬂ p“HﬁOSEIEt‘ég O‘na?é 4and
isopagroge diifgsyanate isgneferaifievsedand a |ight-transmitting

regi on nenber of 1.27 mmin thickness was arranged

t her eon. fi.lmthi ckness was neasured_severagl tjmes
As e N RaRiga B AR PGS SOPSHET KEPWITD thnficg OLEsyeline can
be useti amfrmuerpamcﬁlak ninditatiok NEss highanoletulgr-waight polol includes, for

ured by O suka etro td h
exarp 8, HORIY: Pt TeReRniaer By BlETaiRuans gl cdiygol and
poly¢tbplens @lylool, tpolyestier ipotyelsf reprasentedi tg'npolabut;dan@ adipate, polyester

polyc}.‘j@g&ka?@g)fo@oﬂeéﬁ b4 rﬂger%ac%d ic%f”[}&l)rés?é?r@ ls such as

was ev uat ed under Phe own
polycapr@a¢tang Hpalyaheard | polyeaprolactaneniwith @&Mﬁengo@@rbonate polyester

polyé@@éﬁﬁé‘%dﬁ*dld t01’>tan€lad bi! r@bEﬂHgC kiMyfehel SariBAStE Rith W infultivalent
roduci ectloﬂlaccurac

alcolfl 80 Feactiag e PHURSACI T TE Ay 0o B ipiberfic acid, and

[ Preparation of Light-transmtting Region] 625 parts

by wei ght of hexanet hyl enedii socyanate, 242 parts by

wei ght of pol ytetranethyl ene ether glycol having a
nunber - aver age nol ecul ar wei ght of 650 and 134 parts

by wei ght of 1, 3-butanediol were introduced into a
cont ai ner and heated at 80C. for 2 hours under

stirring to give an isocyanate-term nated prepol ymer



21 polishing region for inserting a light-transmtting
region, to penetrate the hole. Thereafter, the
light-transmtting region frepared was inserted into °
the hole to prepare a polishing pad. Exanples 2 to 7
and Conparative Exanple 1 Light-transmtting regions
were prepared with the conpounding rati os i n Tables 1
and 2 in the sanme nanner as in Exa
polyrargapate palyelgiobiaing PYesteRXChRnas rGee! ntQﬁ am%‘aﬁ@xy' compound
wuth IlcédethepEfﬁésé ﬁhaWbé lﬁa@ﬂ%m@\ﬁﬂ%s asniktare=sfanpl @ nore thereof.

f
Amq é?ﬁ?mgtgg Ut \?'5@ @éﬁa b gl‘?lgsatntq{gmgigpw iy preferably
usedrtd adjust tod wt Be ol ilegst of tthadsnsityt dfrajometic aings. Tadslimpgoving light

transc'rnﬁgﬁcec ;iﬁ OMB%EHIQr—%@'h?Polg&S tr\%}ﬁ “5"'% IM%‘ B‘hér‘iéergructure or

oun
hlghﬂfa@E@éa&nghlt Qolwalé Bl hayingd\we. mutiskesten structure having high

elecﬁ’&l\ WitRGra@irRf 4hd éfékﬁrcﬁltcflﬁfatl% YropbrtiiBa vrdBreferably used.
nunber - average nol ecul ar wei ght of 650 PTM& 1000:

pol yt et ranet hyl ene ether gl ycol having a
ExampRBest e agenoddutileghtweolgdlt that dP0Be luSedB@gether with a

highéﬁéé&ﬂ&%&h& P?'thF%?edpé%bm@aﬁﬁﬁ eth3l/:?E % g@/cglt Hyﬂ Sr%ﬁylene
glycdl, 61lﬁepmmdemg/l glyedi i 3 delyuarmdiol HVDB:hexanediol, neopentyl glycol,
1,4- ég/cﬂ)hﬁ QRsxf! et aarﬂgtg#ll' ﬁ@gféﬁ‘t%ﬁé&ol' PDI : d|ethylene glycol,

ronedi 1 socyanat uene dii socyanate

trletrﬁﬂmlype! and thentikef @Saire@mplesatnge ran| kg ushd teggtaerowith the
hlghgmélegulﬁt\néf Phtzpéiyéloélgéﬂﬁéih@én IBﬁ—rﬁ@@cular—welght poléamlne such as

-t ol uenedi am
ethyisheqigmitg, SHSIRHPTStR e drie en Tomeib e 2wt % of IEss of the
density of aromatic rings, low-molecular-weight polyols not having an aromatic ring or
low-molecular-weight polyamines not having an aromatic ring are preferably used.

Concrete examples of the chain extender include: aromatic polyamines such as

4,4'—methylenebis(.o-chIoroaniline)(MOCA), 2,6-dichloro-p-phenylenediamine,
4,4'-methylenebis(2,3-dichloroaniline), 3,5-bis(methylthio)-2,4-toluenediamine,
3,5-bis(methylthio)-2,6-toluenediamine, 3,5-diethyltoluene-2,4-diamine,
3,5-diethyltoluene-2,6-diamine, trimethylene glycol-di-p-aminobenzoate,
1,2-bis(2-aminophenylthio) ethane,

4,4'-diamino-3,3'-diethyl-5,5'-dimethyldiphenylmethane,
N,N'-di-sec-butyl-4,4'-diaminophenylmethane,
3,3'-diethyl-4,4'-diaminodiphenylmethane, m-xylylenediamine,
N,N'-di-sec-butyl-p-phenylenediamine, m-phenylenediamine and p-xylylenediamine;
low-molecular-weight polyols; and low-molecular-weight polyamines. The chain
extenders described above may be used either alone or in mixture of two kinds or more.
In order to adjust to 2 wt % or less of the density of aromatic rings in the polyurethane
resin, however, the aromatic polyamines are preferably not used, but may be
incorporated in such a range that the light transmission characteristics are not

deteriorated.

The proportion of the isocyanate component, the polyol component and the chain
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extender in the polyurethane resin can be changed suitably depending on their
respective molecular weights, desired physical properties of the light-transmitting region
produced therefrom, etc.

The polyurethane resin can be polymerized by known urethane-making techniques
such as a melting method, a solution method etc., but in consideration of cost and
working atmosphere, the polyurethane resin is formed preferably by the melting method.

The polyurethane resin can be produced by a prepolymer method or a one-shot method,
but the prepolymer method wherein an isocyanate-terminated prepolymer synthesized
previously from an isocyanate component and a polyol component is reacted with a
chain extender is preferably used.

The method of preparing the light-transmitting region is not particularly limited, and the
light-transmitting region can be prepared according to methods known in the art. For
example, a method wherein a block of polyurethane resin produced by the method
described above is cut in a predetermined thickness by a slicer in a handsaw system or
a planing system, a method that involves casting resin into a mold having a cavity of
predetermined thickness and then curing the resin, a method of using coating
techniques and sheet molding techniques, etc. are used. When there are bubbles in the
light-transmitting region, the decay of reflected light becomes significant due to light
scattering, thus reducing the accuracy of detection of polishing endpoint and the
accuracy of measurement of film thickness. Accordingly, gas contained in the material
before mixing is sufficiently removed under reduced pressure at 10 Torr or less. In the
case of a usually used stirring blade mixer, the mixture is stirred at a revolution number
of 100 rpm or less so as not to permit bubbles to be incorporated into it in the stirring
step after mixing. The stirring step is also preferably conducted under reduced pressure.
When a rotating mixer is used, bubbles are hardly mixed even in high rotation, and thus
a method of stirring and defoaming by using this mixer is also preferable.

The shape and size of the light-transmitting region are not particularly limited, but are
preferably similar to the shape and size of the opening of the polishing region.

The thickness of the light-transmitting region is preferably equal to or less than that of
the polishing region. When the light-transmitting region is thicker than the polishing
region, a wafer may be damaged by a protruded portion during polishing. On the other
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hand, when the light-transmitting region is too thin, durability becomes insufficient. The
abradability of the light-transmitting region is preferably equal to or less than that of the
polishing region. When the light-transmitting region is less abraded than the polishing
region, a wafer may be damaged by a protruded portion during polishing.

The material for forming the polishing region can be used without particular limitation
insofar as it is usually used as the material of a polishing layer, but in the present
invention, fine-cell foam is preferably used. When the fine-cell foam is used, slurry can
be retained on cells of the surface to increase the rate of polishing.

The material for forming the polishing region includes, for example, polyurethane resin,
polyester resin, polyamide resin, acrylic resin, polycarbonate resin, halogenated resin
(polyvinyl chloride, polytetrafluoroethylene, polyvinylidene fluoride etc.), polystyrene,
olefinic resin (polyethylene, polypropylene etc.), epoxy resin, and photosensitive resin.
These may be used alone or as a mixture of two or more thereof.

The polyurethane resin is a particularly preferable material because it is excellent in
abrasion resistance and a polyurethane polymer having desired physical properties can
be easily obtained by changing its raw material composition. The starting materials of
the polyurethane resin are the same as described above.

A number-average molecular weight of a high-molecular-weight polyol is preferably in
the range of from 500 to 2000, more preferably in the range of from 500 to 1000 from
the viewpoint of an elastic characteristic of an obtained polyurethane resin. If a
number-average molecular weight thereof is less than 500, a polyurethane resin
obtained by using the polyol does not have a sufficient elastic characteristic and easy to
be fragile, and a polishing pad made from the polyurethane resin is excessively hard,
which sometimes causes scratches to be generated on a surface of an object to be
polished. Moreover, since a polishing pad is easy to be worn away, it is unpreferable
from the viewpoint of a life of a polishing pad. On the other hand, if a number-average
molecular weight thereof exceeds 2000, a polishing pad made from a polyurethane
resin obtained from such a polyol is unpreferably soft to thereby disable a sufficiently
satisfiable planarity to be earned.

The polyurethane resin can be produced by the same method as described above.
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The method of finely foaming the polyurethane resin includes, but is not limited to, a
method of adding hollow beads and a method of forming foam by mechanical foaming,
chemical foaming etc. These methods can be simultaneously used, but the mechanical
foaming method using an active hydrogen group-free silicone-based surfactant
consisting of a polyalkyl siloxane/polyether copolymer is more preferable. As the
silicone-based surfactant, SH-192 and L-5340 (Toray Dow Corning Silicone Co., Ltd.)
can be mentioned as a preferable compound.

Description will be given of an example of a method of producing a polyurethane foam
of a fine cell type constituting a polishing region below. A method of manufacturing such
a polyurethane foam has the foliowing steps:

1) a foaming step of preparing a bubble dispersion liquid of an isocyanate-terminated
prepolymer, wherein a silicone-based surfactant is added into an isocyanate-terminated
prepolymer, which is agitated in the presence of a non-reactive gas to thereby disperse
the non-reactive gas into the prepolymer as fine bubbles and obtain a bubble dispersion
liquid. In a case where the prepolymer is solid at an ordinary temperature, the
prepolymer is preheated to a proper temperature and used in a molten state.

2) a curing agent (chain extender) mixing step, , wherein a chain extender is added into
the bubble dispersion liquid, which is agitated to thereby obtain a foaming reaction liquid.
3) a casting step, , wherein the forming reaction liquid is cast into a mold.

4) a curing step, , wherein the foaming reaction liquid having been cast into the mold is
heated and reaction-cured.

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

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

form fine cells.

In a preferable mode, different stirrers are used in stirring for forming a cell dispersion in
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the stirring step and in stirring for mixing an added chain extender in the mixing step,
respectively. In particular, stirring in the mixing step may not be stirring for forming cells,
and a stirrer not generating large cells is preferably used. Such a stirrer is preferably a
planetary mixer. The same stirrer may be used in the stirring step and the mixing step,
and stirring conditions such as revolution rate of the stirring blade are preferably
regulated as necessary.

In the method of producing the polyurethane foam, heating and post-curing of the foam
obtained after casting and reacting the forming reaction liquid in a mold until the
dispersion lost fluidity are effective in improving the physical properties of the foam, and
are extremely preferable. The forming reaction liquid may be cast in a mold and
immediately post-cured in a heating oven, and even under such conditions, heat is not
immediately conducted to the reactive components, and thus the diameters of cells are
not increased. The curing reaction is conducted preferably at normal pressures to
stabilize the shape of cells.

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

Production of the polyurethane foam may be in a batch system where each component
is weighed out, introduced into a vessel and mixed or in a continuous production system
where each component and an inert gas are continuously supplied to, and stirred in, a
stirring apparatus and the resulting cell dispersion is transferred to produce molded
articles.

The polishing region is produced by cutting the above prepared polyurethane foam into
a piece of predetermined size.

The polishing region consisting of fine-cell foam is preferably provided with grooves for
retaining and renewing slurry on the surface of the polishing pad which contacts with a
polished material. The polishing region composed of fine-cell foam has many openings
to retain slurry, and for further efficient retention and renewal of slurry and for preventing
the destruction of a polished material by adsorption, the polishing region preferably has
grooves on the surface thereof in the polishing side. The shape of the grooves is not
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particularly limited insofar as slurry can be retained and renewed, and examples include
latticed grooves, concentric circle-shaped grooves, through-holes, non-through-holes,
polygonal prism, cylinder, spiral grooves, eccentric grooves, radial grooves, and a
combination of these grooves. The groove pitch, groove width, groove thickness etc. are
not particularly limited either, and are suitably determined to form grooves. These
grooves are generally those having regularity, but the groove pitch, groove width,
groove depth etc. can also be changed at each certain region to make retention and
renewal of slurry desirable.

The method of forming grooves is not particularly limited, and for example, formation of
grooves by mechanical cutting with a jig such as a bite of predetermined size, formation
by casting and curing resin in a mold having a specific surface shape, formation by
pressing resin with a pressing plate having a specific surface shape, formation by
photolithography, formation by a printing means, and formation by a laser light using a
CO; gas laser or the like.

Although the thickness of the polishing region is not particularly limited, the thickness is
about 0.8 to 4 mm, preferably 1 to 2 mm. The method of preparing the polishing region
of this thickness includes a method wherein a block of the polyurethane foam is cut in
predetermined thickness by a slicer in a bandsaw system or a planing system, a method
that involves casting resin into a mold having a cavity of predetermined thickness and
curing the resin, a method of using coating techniques and sheet molding techniques,
etc.

The method for manufacturing the polishing pad having a polishing layer containing a
polishing region and a light-transmitting region is not particularly limited, and various
methods are conceivable. Hereinafter, examples of such methods are described. In the
following examples, the polishing pad provided with a cushion layer is described, but
the polishing pad may not be provided with a cushion layer.

In a first example, as shown in FIG. 2, a polishing region 9 having an opening of specific
size is stuck on a double-sided tape 10, and then a cushion layer 11 having an opening
of specific size is stuck thereon such that its opening is in the same position as the
opening of the polishing region 9. Then, a double-sided tape 12 provided with a release
paper 13 is stuck on the cushion layer 11, and a light-transmitting region 8 is inserted
into, and stuck on, the opening of the polishing region 9.
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In a second example, as shown in FIG. 3, a polishing region 9 having an opening of
specific size is stuck on a double-sided tape 10, and then a cushion layer 11 is stuck
thereon. Thereafter, the double-sided tape 10 and the cushion layer 11 are provided
with an opening of specific size so as to be fitted to the opening of the polishing region 9.
Then, a double-sided tape 12 provided with a release paper 13 is stuck on the cushion
layer 11, and a light-transmitting region 8 is inserted into, and stuck on, the opening of
the polishing region 9.

In a third example, as shown in FIG. 4, a polishing region 9 having an opening of
specific size is stuck on a double-sided tape 10, and then a cushion layer 11 is stuck
thereon. Then, a double-sided tape 12 provided with a release paper 13 is stuck on the
other side of the cushion layer 11, and thereafter, an opening of predetermined size to
be fitted to the opening of the polishing region 9 is produced from the double-sided tape
10 to the release paper 13. A light-transmitting region 8 is inserted into, and stuck on,
the opening of the polishing region 9. In this case, the opposite side of the
light-transmitting region 8 is open so that dust etc. may be accumulated, and thus a
member 14 for closing it is preferably attached.

In a fourth example, as shown in FIG. 5, a cushion layer 11 having a double-sided tape
12 provided with a release paper 13 is provided with an opening of predetermined size.
Then, a polishing region 9 having an opening of predetermined size is stuck on a
double-sided tape 10 which is then stuck on the cushion layer 11 such that their
openings are positioned in the same place. Then, a light-transmitting region 8 is
inserted into, and stuck on, the opening of the polishing region 9. In this case, the
opposite side of the polishing region is open so that dust etc. may be accumulated, and
thus a member 14 for closing it is preferably attached.

In the method of preparing the polishing pad, the means of forming an opening in the
polishing region and the cushion layer is not particularly limited, but for example, a
method of opening by pressing with a jig having a cutting ability, a method of utilizing a
laser such as a CO, laser, and a method of cutting with a jig such as a bite. The size
and shape of the opening of the polishing region are not particularly limited.

The cushion layer compensates for characteristics of the polishing region (polishing
layer). The cushion layer is required for satisfying both planarity and uniformity which
are in a tradeoff relationship in chemical mechanical polishing (CMP). Planarity refers to
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flatness of a pattern region upon polishing an object of polishing having fine
unevenness generated upon pattern formation, and uniformity refers to the uniformity of
the whole of an object of polishing. Planarity is improved by the characteristics of the
polishing layer, while uniformity is improved by the characteristics of the cushion layer.
The cushion layer used in the polishing pad of the present invention is preferably softer
than the polishing layer.

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

The means of sticking the polishing layer used in the polishing region 9 on the cushion
layer 11 includes, for example, a method of pressing the polishing region and the
cushion layer having a double-sided tape therebetween.

The double-sided tape has a general constitution wherein an adhesive layer is arranged
on both sides of a base material such as a nonwoven fabric or a film. In consideration of
permeation of slurry into the cushion layer, a film is preferably used as the base material.
The composition of the adhesive layer includes, for example, a rubber-based adhesive
and an acrylic adhesive. In consideration of the content of metallic ion, the acrylic
adhesive is preferable because of a lower content of metallic ion. Because the polishing
region and the cushion layer can be different in composition, the composition of each
adhesive layer of the double-sided tape can be different to make the adhesion of each
layer suitable.

The means of sticking the cushion layer 11 on the double-sided tape 12 includes a
method of sticking the double-sided tape by pressing on the cushion layer.

As described above, the double-sided tape has a general constitution wherein an
adhesive layer is arranged on both sides of a base material such as a nonwoven fabric
or a film. In consideration of removal of the polishing pad after use from a platen, a film
is preferably used as the base material in order to solve a residual tape. The
composition of the adhesive layer is the same as described above.
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The member 14 is not particularly limited insofar as the opening is closed therewith.
When polishing is conducted, it should be releasable.

The semiconductor device is produced by a step of polishing the surface of a
semiconductor wafer by using the polishing pad. The semiconductor wafer generally
comprises a wiring metal and an oxide film laminated on a silicon wafer. The method of
polishing a semiconductor wafer and a polishing apparatus are not particularly limited,
and as shown in FIG. 1, polishing is conducted for example by using a polishing
apparatus including a polishing platen 2 for supporting a polishing pad 1, a supporting
stand (polishing head) 5 for supporting a semiconductor wafer 4, a backing material for
uniformly pressurizing the wafer, and a mechanism of feeding an abrasive 3. The
polishing pad 1 is fitted, for example via a double-coated tape, with the polishing platen
2. The polishing platen 2 and the supporting stand 5 are provided with rotating shafts 6
and 7 and arranged such that the polishing pad 1 and the semiconductor wafer 4, both
of which are supported by them, are arranged to be opposite to each other. The
supporting stand 5 is provided with a pressurizing mechanism for pushing the
semiconductor wafer 4 against the polishing pad 1. For polishing, the polishing platen 2
and the supporting stand 5 are rotated and simultaneously the semiconductor wafer 4 is
polished by pushing it against the polishing pad 1 with slurry fed thereto. The flow rate
of slurry, polishing loading, number of revolutions of the polishing platen, and number of
revolutions of the wafer are not particularly limited and can be suitably regulated.

Protrusions on the surface of the semiconductor wafer 4 are thereby removed and
polished flatly. Thereafter, a semiconductor device is produced therefrom through dicing,
bonding, packaging etc. The semiconductor device is used in an arithmetic processor, a
memory efc.

EXAMPLES

Hereinafter, the Examples illustrating the constitution and effect of the invention are
described. Evaluation items in the Examples etc. were measured in the following
manner.

(Measurement of Light Transmittance)

The prepared light-transmitting region was cut out in a size of 10 mm x 50 mm
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(thickness: 1.25 mm) to prepare a sample for measurement of light transmittance. The
sample was placed in a glass cell filled with extra-pure water (optical path length 10 mm
x optical path width 10 mm x height 45 mm, manufactured by SOGO LABORATORY
GLASS WORKS CO., LTD.) and measured in the measurement wavelength range of
300 to 400 nm with a spectrophotometer (UV-1600PC, manufactured by Shimadzu
Corporation). In the measurement result of light transmittance, light transmittance per
mm thickness was expressed by using the Lambert-Beer law. Light transmittances at
300 nm and 400 nm, and the maximum and minimum light transmittances in the
measurement wavelength range of 300 to 400 nm, are shown in Table 3.

(Measurement of Average Cell Diameter)

A polishing region cut parallel to be as thin as about 1 mm by a microtome cutter was
used as a sample for measurement of average cell diameter. The sample was fixed on
a slide glass, and the diameters of all cells in an arbitrary region of 0.2 mm x 0.2 mm
were determined by an image processor (Image Analyzer V10, manufactured by
Toyobouseki Co., Ltd), to calculate the average cell diameter.

(Measurement of Specific Gravity)

Determined according to JIS Z8807-1976. A polishing region cut out in the form of a
strip of 4 cm x 8.5 cm (thickness: arbitrary) was used as a sample for measurement of
specific gravity and left for 16 hours in an environment of a temperature of 23+2°C. and
a humidity of 50%+5%. Measurement was conducted by using a specific gravity
hydrometer (manufactured by Sartorius Co., Ltd).

(Measurement of Asker D Hardness)

Measurement is conducted according to JIS K6253-1997. A polishing region cutoutin a
size of 2 cm x 2 cm (thickness: arbitrary) was used as a sample for measurement of
hardness and left for 16 hours in an environment of a temperature of 23+2°C. and a
humidity of 50%+5%. At the time of measurement, samples were stuck on one another
to a thickness of 6 mm or more. A hardness meter (Asker D hardness meter,
manufactured by Kobunshi Keiki Co., Ltd.) was used to measure hardness.

(Evaluation of Film Thickness Detection)
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The evaluation of optical detection of film thickness of a wafer was conducted in the
following manner. As a wafer, a 1 .mu.m thermal-oxide film was deposited on an 8-inch
silicone wafer, and a light-transmitting region member of 1.27 mm in thickness was
arranged thereon. The film thickness was measured several times in the wavelength
range of 300 to 400 nm by using an interference film thickness measuring instrument
(manufactured by Otsuka Electronics Co., Ltd). The result of calculated film thickness
and the state of top and bottom of interference light at each wavelength were confirmed,
and the film thickness detection was evaluated under the following criteria:

O: Film thickness is measured with very good reproducibility.
o: Film thickness is measured with good reproducibility.

x: Detection accuracy is insufficient with poor reproducibility.
Example 1

[Preparation of Light-transmitting Region]

625 parts by weight of hexamethylenediisocyanate, 242 parts by weight of
polytetramethylene ether glycol having a number-average molecular weight of 650 and
134 parts by weight of 1,3-butanediol were introduced into a container and heated at
80°C. for 2 hours under stirring to give an isocyanate-terminated prepolymer A. Then, 6
parts by weight of 1,3-butanediol, 10 parts by weight of trimethylol propane and 0.35
part by weight of an amine catalyst (Kao No. 25, manufactured by Kao Corporation)
were mixed to prepare a liquid mixture, and 100 parts by weight of the
isocyanate-terminated prepolymer A was added to the liquid mixture, then sufficiently
stirred with a hybrid mixer (manufactured by Keyence Corporation) and defoamed to
give a composition for forming a light-transmitting region. Thereafter, the composition
for forming a light-transmitting region was dropped on a mold previously subjected to
release treatment, then covered with a PET film previously subjected to release
treatment, and regulated to be 1.25 mm in thickness with a nip roll. Thereafter, the mold
was placed in an oven and cured at 100°C. for 16 hours to give a polyurethane resin
sheet. The polyurethane resin sheet was punched out with a Thomson blade to prepare
a light-transmitting region (57 mm x 19 mm, thickness 1.25 mm).
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[Preparation of Polishing Region]

100 parts by weight of a polyether-based prepolymer (Adiprene L-325, NCO content of
2.22 meq/g, manufactured by Uniroyal Chemical) and 3 parts by weight of a
silicone-based surfactant (SH192 manufactured by Toray Dow Corning Silicone Co.,
Ltd.) were introduced into a reaction container, and the temperature was regulated at
80°C. The mixture was stirred vigorously for about 4 minutes at a revolution number of
900 rpm by a stirring blade to incorporate bubbles into the reaction system. 26 parts by
weight of filtered 4,4'-methylene bis(o-chloroaniline) previously melted at 120°C.
(IHARA CUAMINE MT manufactured by Ihara Chemical Industry Co., Ltd.) were added
thereto. Thereafter, the reaction solution was stirred for about 1 minute and poured into
a pan-type open mold. When the fluidity of this reaction solution was lost, the reaction
solution was introduced into an oven and post-cured at 110°C. for 6 hours to give a
polyurethane foam block. This polyurethane foam block was sliced by a bandsaw-type
slicer (manufactured by Fecken) to give a polyurethane foam sheet. Then, this sheet
was surface-buffed to predetermined thickness by a buffing machine (manufactured by
Amitec) to give a sheet having regulated thickness accuracy (sheet thickness, 1.27 mm).
This buffed sheet was cut into a round sheet having a predetermined diameter (61 cm)
and provided with grooves in the form of concentric circles having a groove width of
0.25 mm, a groove pitch of 1.50 mm and a groove depth of 0.40 mm by using a grooving
machine (manufactured by TohoKoki Co., Ltd.). A double-coated tape (Double Tack
Tape, manufactured by Sekisui Chemical Co., Ltd.) was stuck by a laminator on the
other side than the grooved surface of this sheet, and thereafter, a hole (57.5 mm x 19.5
mm) for inserting a light-transmitting region into a predetermined position of the grooved
sheet was punched out, to prepare a polishing region provided with the double-coated
tape. Physical properties of the prepared polishing region were as follows: average cell
diameter, 48 um; specific gravity, 0.86; Asker D hardness, 53 degree.

[Preparation of Polishing Pad]

A cushion layer consisting of polyethylene foam (Toray Pef, thickness of 0.8 mm,
manufactured by Toray Industries, Inc.) having a surface brushed with a buff and
subjected to corona treatment was stuck by a laminator on the pressure-sensitive
adhesive surface of a double-coated tape provided with the polishing region. Further,
the double-coated tape was stuck on the surface of the cushion layer. Thereafter, the
cushion layer was punched out with a size of 51 mm x 13 mm in the punched hole of the
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polishing region for inserting a light-transmitting region, to penetrate the hole.
Thereafter, the light-transmitting region prepared was inserted into the hole to prepare a
polishing pad.

Examples 2 to 7 and Comparative Example 1

Light-transmitting regions were prepared with the compounding ratios in Tables 1 and 2
in the same manner as in Example 1. The light-transmitting regions were used to
prepare polishing pads in the same manner as in Example 1. Table 1 shows
compounding ratios of the isocyanate-terminated prepolymers as the starting material
of the light-transmitting region. Table 2 shows compounding ratios of the
light-transmitting region-forming compositions. The compounds shown in Tables 1 and
2 are as follows.

PTMG-650: polytetramethylene ether glycol having a number-average molecular weight
of 650

PTMG-1000: polytetramethylene ether glycol having a number-average molecular
weight of 1000

1,3-BG: 1,3-butanediol

1,4-BG: 1,4-butanediol

DEG: diethylene glycol

TMP: trimethylol propane

HDI: 1,6-hexamethylenediisocyanate

HMDI: 4,4'-dicyclohexylmethanediisocyanate

IPDI: isophoronediisocyanate

TDI: toluene diisocyanate

Ethacure 100 (manufactured by Albemarle): mixture of 3,5-diethyl-2,4-toluenediamine
and 3,5-diethyl-2,6-toluenediamine

MOCA: 4,4'-methylene bis(o-chloroaniline)
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Table 1
Example | Exampl | Example | Example | Example | Example | Example | Compar-
1 e2 3 4 5 6 7 ative
Example
1
PTMG-650 242 242 252 279
PTMG-100 462 462 528
0
S [ 1.3-BG 134 230 81 90
© | 14-BG 134
& 'DEG 54 54 55
o | HDI 625 770 625
S [HVDI 667 484 484 76
S 1 IPDI 631
g [TDI 341
Table 2
Example | Example | Example | Example | Example | Example | Example | Compar-
1 2 3 4 5 6 7 ative
Example
1
Isocyanate-terminate 100 100 100 100 100 100 100 100
d prepolymer
Chain 1,3-BG 6 3 7
extender TMP 10 13 10 7 5 5
1,4-BG 6 5
PTMG- 29
650
Ethacu 5 5
re 100
MOCA 29
Amine Kao 0.35 0.43 0.35 0.33 0.34
catalyst No. 25
Aromatic ring density 0 0 0 0 1.8 1.8 0 231
(Wt%)
Table 3
Light Maximum Minimum light | Rate of | Detection
transmittance light transmittance | change | of film
(%) transmittance | (%) (%) thickness
300 [400 | (%)
nm nm
Example 1 65.8 93.2 93.2 65.8 294 O]
Example 2 72.6 95.6 96.0 72.6 24.4 O]
Example 3 67.4 91.6 91.8 67.4 26.6 O]
Example 4 62.9 93.7 93.7 62.9 32.9 ©
Example 5 40.6 92.1 92.1 40.6 55.9 O
Example 6 35.6 94.6 94.6 35.6 62.4 O
Example 7 63.7 91.9 92.1 63.7 30.8 O]
Comparative 0 76.2 76.2 0 100 X
Example 1




76.2 0 100 x 230 As can be seen from Table 3, the
light-transmtting regions having a transm ttance of
30% or nore at wavel engt hs238f 300 to 400 nm can be
used to detect the end-point of a wafer with good v
reproducibility. 24 Cainms The invention clained is:

1. A polishing pad havi ng a polishing | ayer contai ning

pol i shing region and a transm ttjng regqgion,
As GRRBRSIoRn R Tatn . the daacansi g Farcam Netima i (e atince of
30%péH nioreedt Imnelen@ms of BE0/iorP0am esrob@lised toidegeot thessnidypatrt of a

2 % nd the light transmttance of the
wafeFri V\ﬁ}go(ogéﬁ ﬁ???'?ﬁ%’ region is 30% or nore in the

overal | range of wavel engths of 300 to 400 nm 2. The
pol i shing pad according to"'c™im 1, wherein the rate
of change of the light transmttance of the
light-transmtting region in wavel engths of 300 to 400
nm represented by the follow ng equation, is 70% or

| ess: the rate of change (% ={(maxi num | i ght
transmttance at 300 to 400 nm m ni mum | i ght
transmttance at 300 to 400 nm/ maxi mum | i ght
transmttance at 300 to 400 nn} x100. 3. The
pol i shing pad according to claim1, wherein the

pol yurethane resin is a cured product obtained by
reacting an aliphatic and/or alicyclic

i socyanate-term nated prepolyner with a chain
extender. 4. The polishing pad according to claiml1,
wherei n the isocyanate conponent of the pol yurethane
resin is at |east one nenber selected fromthe group
consi sting of 1,

6- hexanet hyl enedi i socyanat e, 4, 4' - di cycl ohexyl nmet haned
I socyanat e, and i sophor onedi i socyanate. 5. A nethod
for manufacturing a sem conductor device, which
conprises a process of polishing the surface of a
sem conductor wafer with the polishing pad according
toclaiml1, 2, 3, or 4.



Claims

The invention claimed is:

1. A polishing pad having a polishing layer containing a polishing region and a
light-transmitting region, wherein the light-transmitting region comprises a polyurethane
resin having an aromatic ring density of 2 wt % or less, and the light transmittance of the
light-transmitting region is 30% or more in the overall range of wavelengths of 300 to
400 nm.

2. The polishing pad according to claim 1, wherein the rate of change of the light
transmittance of the light-transmitting region in wavelengths of 300 to 400 nm,
represented by the following equation, is 70% or less: the rate of change
(%)={(maximum light transmittance at 300 to 400 nm-minimum light transmittance at
300 to 400 nm)/maximum light transmittance at 300 to 400 nm} x100.

3. The polishing pad according to claim 1, wherein the polyurethane resin is a
cured product obtained by reacting an aliphatic and/or alicyclic isocyanate-terminated
prepolymer with a chain extender.

4, The polishing pad according to claim 1, wherein the isocyanate component of
the polyurethane resin is at least one member selected from the group consisting of 1,
6-hexamethylenediisocyanate, 4 4'-dicyclohexylmethanediisocyanate, and
isophoronediisocyanate.

5. A method for manufacturing a semiconductor device, which comprises a
process of polishing the surface of a semiconductor wafer with the polishing pad
according to claim 1, 2, 3, or 4.



