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be desirable for each of the |ayers to have at | east

one different chem cal or physical property. For
wez@spdes27 a pol i shing pad can conprise a pol i shETS2004/017564

| ayer conprising a mcroporous polyurethane, a mddle

| ayer conprising a solid pdl yur et hane, and a bottom

| ayer conpr|5|ng a soft porous pol yuret hane.
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face of the polynmer sheet, or the second tenperature
can be above the Tg of the pol ynmer sheet but bel ow t he
tenperature of the first face of the polyner sheet so
that the second face undergoes |ess foam ng than the
first face. This nethod optionally further conprises a
desorption step as descri bed above.




In one enbodi ment of this nethod, the first face of a

solid polynmer sheet is subjected to rapid thernal
wanmsabisey and becones foaned whil e t he secondP€HUB2004/017564

the pol yner sheet is maintained substantially at room

tenperature and does not bégone foamed and rerrai ns

non- por ous. [0053] In a related technique,
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layqrpg b @€0dgeddect i vel y converting a porous pol yner sheet
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1nng?1tOH ?cgm]ﬁﬂ?%@e Yﬁ%ﬁ&@a%&h@&y B@t@vegl{ thp gy@rsf ﬁf:&%xﬁ)&dea multi-layer

ayer porous po era ure
polighing aaciSh@engfxevs arsHBCa] %leﬁiary Eﬁ&'ﬁeﬂc %ﬁrs{ Hé;erﬁeriy?ﬁeﬁd layer
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Conﬁla@éf’é’ of the poI ynmer sheet, or can be heated in a nold
[OOS%]I ChTB@foﬁGivin‘g%ka&n}ﬂeﬁirﬁxeﬂﬁl&stﬁ[es i ivdndiye b, &ffcoti’€ should not

r sheet e techniques, a variety of
onf%lngagi/nearny Y ghp ‘%Sﬁggps can be produced without the

need for an adhesive | afeAMPREparticul ar, two-Iayer
[ooanl | strhig gxmﬂeﬂmmsla%mﬁda@eddu&ng ammu-wyelr OlBIER PP of the
e

a a
mven%%/)n 8()%%%?%21 ?oa{?/tgrlayaeﬁ %ougd Ft’% ¥ n%ns- i ﬁsslaye %&tﬂ?&%h oan
adhggiveeonver sel y a porous middle | ayer with a solid upper
[0088]d | sy théﬁmrasu&lﬁﬂy@@hdihé @H’détée(gamﬁlgs@ﬁ ahd B§ hdveng an average

wicics pF Eyod i P Rr GOSN ot SR edPeRdy

polpuwetheierspmple) sigeom temperaaye prl 5 M2 prsssure. udl otpt afithe CO. aipleke as
pol i shing pads, there exists a structural boundary
between the first |ayer and second | ayer




that is defined by the region of polynmer overlap

between the | ayers. However, other techni ques that
worados/ouse7 of a singl e-1ayer pol ymer sheet thatPCBUS2004/017564

selectively nodi fied on one or both faces to have a

di fferent physical properti for exanple the foam ng

t echni ques di scussed above, do not give rise to such a

o Sl BF BB BBUAF oAl COn A BoRe ot 4 Ratrgen held
at rqoasicgipamtiee amichttbespheric puessirs fir2g nyowisd mdelri@ yinyte)56]
respzaﬁ/efyp hﬁ Mﬂcﬁﬁﬁgﬁirﬁalfd%&ﬁ% olf Eﬂemzrf?dn@ ﬁietplaglmer sheet

i nve course ul d. n ued as
ocoiRR e A, PRES Y (P RS eeLind e AP 059) TiFa i o
COglrssfpine thelshmples week S mge®Yo anchi3. pmgdUET Yy thanmplastlc
polﬁiﬁltﬁdne sapie, B ebtﬁjglyn g&f@:@ﬂarﬁil dEib?’pﬁd%Vﬁmﬁlé%UX SRNP G fel f&med
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resppctivelyr SahmpireA dheretotl {Sragp Hackngss i diS® uthand eggopgises a 50 pm
soli@ PSR all 'la%fléﬂﬁﬁ% 1Qf50 ;ll%%rd%fb&%h %@& l—bryéit &dm Pﬂé]ﬁ‘hﬁ@otal

el SRR P 0B R L 22 RO B g0

pm pbérondpolishidg ppd bke. asa functlon of time is shown in

[O()ﬁ] G ’Fhls B %enﬁﬁﬁ%@ta%tﬁﬂr@f Fepating AP WeLpdiRRAg pad of
roon1ten§b%atur SP ng@gherlc pressure for

the E’Ge?ﬂoﬁd‘flg@u%rﬁﬂuuni PSR A8 2L &Y vel y, during whi ch
time partial desorption of the CO2 fromthe pol yner
sheet occurred. A plot of the CO2 | oss as a function
of time is shown in FIG 8. The anmount of CO2 | oss
formthe sanples was 4.5 ng/g (9% and 13.5 ng/g (27%
t her nopl asti c pol yuret hane sanple, respectively. After
partial desorption, sanples A and B were foanmed at
93C. SEM i mages of foanmed sanples A and B are shown in
FIGS. 9 and 10, respectively. Sanple A has a total
average thickness of 1500 mm and conprises a 50 nmm
solid polishing pad | ayer and a 1450 nmm por ous
polishing pad |layer. Sanple B has a total average
t hi ckness of 1500 mm and conprises a 200 nm solid
pol i shing pad | ayer and a 1300 mm porous polishing pad
| ayer. [0059] This exanple denonstrates a nethod for
preparing a nmulti-layer polishing pad of the invention
wi thout requiring the use of an adhesive | ayer. CLAI M5
1. Anmulti-layer polishing pad for chem cal - nechani ca
pol i shing conprising a polishing |ayer and a bottom
| ayer, wherein the bottomlayer is substantially
coextensive with the polishing |layer, and wherein the
pol i shing | ayer and the bottom | ayer are joined
toget her without the use of an adhesive. 2. The
polishing pad of claim1, wherein the polishing |ayer
and the bottom | ayer have at |east one different
property. 3. The polishing pad of claim2, wherein the
different property is selected fromthe group
consi sting of hardness, density, porosity,
conpressibility, rigidity, tensile




nodul us, bul k nodul us, transparency, chemn cal
conposi tion, rheology, creep, glass transition

W0 eoopeoEeUr e, nelt tenperature, viscosity, andPCT/US2004/017564
conbi nations thereof. 4. The polishing pad of claim3,
wherei n the polishing layet7is porous and the bottom
| ayer is non-porous. 5. The polishing pad of claim 3,

wherein the polishing | nonpor ous and the
bottom | ayer is porous. Qéi&Qﬁi polishing pad of claim

3, lwher dimultiHayeppolisking pefl foaghemicpbmechandoal polishing romprising a
pohﬂﬁxllg’lﬁ?err ah&@8 b th &mh&@ihttmduamqaye@ Q@Bdtﬁﬁﬁllyﬁc&ﬁ&ﬁﬁ%

hi
wiof e SRk o s B urth R e Bt g padere
togephek yithentitlzmese afieh adhesitpot t om | ayer conprises a pol ymer

r e&zl n S?h@f}(%l%ﬂm& bgdra)ftclnﬁmqr Qﬁﬁlel‘ﬁ?ﬁbsﬁ(ﬁ‘ltshﬁg 1a9€r and the bottom

na ons 0 olerins

ey B S T e R TR PRRR b y | ot oo

poByt et Thé pelishing pad/dlateam ZpthremIﬂ}d diffecntmepperiiad setested from
the @@hpf&dﬁlsfaﬁﬁg oﬂ}ﬁ{dﬁéé'sancggtn%%f %taﬁngdrﬂlgtsgggﬂny,mgld@c TRt es,
modifs Y TIoGTES. FRPPES LIREREbF SRS R ip s ey SHS8 of
trangitien tempgratune meslirternpreatpe] Vighbityg andasoabinagiosutheeaint i al | y

t r @nSpa‘Tﬁ@f}ohsﬁm PaEoRPith ShivAGeiR Ak ﬁlmﬁhéla%ﬁs p(\ﬁ‘aﬁsr Aldhe
o] i shi n%) | dyer conprises an aperture. he

bOttB‘BI ‘i‘@ﬁ’rsﬁ’ﬁn% Usf claim 1, wherein the bottom I ayer is
sulst an’ﬂ"hapcblyshmg apmqufaxlmﬁ whdrein Tivepgpishing hayergs pergpowius and

the GdtfdklTay §iei n the polishing | ayer conprises an
apertur

Th shi d of
thé pol f@wqﬁ@hm%@f i P B Rl e Ao pEges g first
polypeedr yaser andelsd bottofhdayeT bempobs sévcongl ppdynafrestd. ai m 12,
wher ei N g, &hgg%oﬁcm% WBersRSS A@nihg &;}wéaﬁlpaséalap

conS|st|ng o) | ast| c el ast.onmers er noset

therggplpsicrnolyughapg paq 1he Retom jyeregmpriseia, PO}ya}eg; Estsslegied fom
the grolyy vinsigtiad dqi@blcsnbomdsm}&msgio@&ﬂﬁm;po@wnymmls
ene,

P°1ﬁtﬁﬁ*£%¢%tﬁ%%@%°%ﬂ*?%hf e b e
polygEiidgsy PAYREY eneﬁowcgb@ew%tﬁt @%Ysbﬁa}%tﬂ@mﬂ@émet acrylates,’
copipinyisetiensdfemt mdictuyes dieedf. copol yners thereof, and

m xt ure . al

M8 U o BB pub a9, PALEAMORRfe ek sty
rangp3rsphr et hane. 15. The polishing pad of claim1,

f ugt her Thopgiishing pad afviaing, whereinthashlehihgisgercothpsipaaed

plkv%ﬁr tween the polishing layer and the bottomlayer,
erein the mddle |layer or |layers are substantially

codQt endhe/polighing pechef qidmils wherginthe kattomrayer hsegubiﬁ‘ftnépd
trank@ye@dt., and wherein the polishing layer, mddle | ayer

or 4 ll AYCIrRe pcﬂﬂﬂin& El?d Qfoctlatug l‘{b’l Wlin ﬁ{e%oll&hﬂ]geﬂyér%gﬁbnﬁg an

aperture.

12, The polishing pad of claim 1, wherein the polishing layer and the bottom
layer comprise a polymer resin.

13.  The polishing pad of claim 12, wherein the polymer resin is selected from
the group consisting of thermoplastic elastomers, thermoset polymers, polyurethanes,
polyolefins, polycarbonates, polyvinylalcohols, nylons, elastomeric rubbers, elastomeric
polyethylenes, polytetrafluoroethylene, polyethyleneterephthalate, polyimides,



wi t hout the use of any adhesive. 16. The polishing pad

of claim1, wherein the polishing pad does not
w@ooos0dEse7 a m ddl e | ayer di sposed between the POI/USTO0H017564

| ayer and the bottom layer. 17. The polishing pad of

clai m 15, wherein at |eastl®ne of the polishing |ayer,

m ddl e | ayer or |ayers, and bottom | ayer has a

di ff.eren roperty. 18. Th ol i shi of claiml7,
polrH PR B et PRty Rl S iRl
copgjymens theoend sl mnigtuwek theeaofiness, porosity,

conpr esghdpdlishing pSPbf T 181 WRS&h tHeadGRner e¥@ T € Mermoplastic

S0 osi tion, rheol ogy, creep, glass transition
PO BFat ure, nmelt tenperature, viscosity, and

cortbi naThopdlishing pedéf claig 1, fimbernonipsising gnperdnert nudde feyers
dispbded DARRELR R ﬂogﬁ}hﬁé)llayé Ehclnﬂie :b@ﬁ’&ﬁ 1236 ?Nh&@inbrﬁé Foiad 136 or

ar e rous .an e. m er or |ayer re
teveie B BRGID Soet iy ot p S el e et lygrapd
wheagin the getishdupslaysr, iiddle pagler ertlayers, hiud/the battmn talyer ayoioingthtogether
witloBVBE ubcorQRY haRbihy, transm ssive. 21. The polishing pad

of claim 15, . wherejn the mddle ] ayer..is opticall .

Or dfom Tho pishng oo, & b 1o h Rt bR nh@ o fddeS Rl chpaise o
middledaysudispasnd beivegn thppajisking Rger il éhegottomtayey pad of

cl gym 24pe WRhRL Bad HE1438115 SPhdiEin hBMER oROSMRAd StBhidg layer,

.fijrst aperture, and the ﬁottﬁ?&q | ayer conprises a second
mldgiﬁé‘?ﬁﬁ? ayezs, godypeifont 'Ayer fes 4 §rtem§ﬁ81?elr'ﬁfr e is aligned

wi t1R. t h&he pdhiig apdofdaie.1728herdih ¢hepbiffersitipmepepzds sefected
fror1§ 't}é"sg%ula%on oF Earﬁllﬂa@s, PO coEprle@tifity, Pl thnbRuekceOT

ayers, and the bottom | ayer conprise a polyner resin.
chemigal cpHOFHPR, & Oﬂfg%yp%epo$la%|t@mﬁ1§gtenmﬁé%$ Hleﬁﬁ%nli%% frer
visco€igi, nd ®ntddationsttlertofom t he group consi sting of

t hgpnoply; é)l%hﬁ% %ﬁ& 9]]{@%11?1'175 \Qﬁ&?ﬂj %@%oﬂ%iﬂgﬁgl& and the bottom

pol yur et hanes, ¥o ef I ns, polycarbonates;
lay<s a1eyRRrqy PRT e mfidle Taygn 4 pyers afeROngREM S r ubber s,

el ast on@hé polizhing ehdiyf cdaimsl 5, whdryinet leadt buoofbe polisking Jayer and
the B mg%liggﬁkglw%ggg-%e, pol yi m des, pol yaram des,

pol yaryl enes, po yacr%zgat es, . pol ystyr egﬁs, ) ol

polzimst Ahe pelishme i ok daim Lo opbirsindhesniddls et is ogtieplly
tranBindékivg &R1 th&polhing 136: andibeti@a ldyshire gutstadtidly aphaiem 24,

whegkei n | Dyl ; : ' :
oy rAEROLUTR ) S IR AT e o
aperys aRdithg SRR PLIHEis)seepnd prgrive. pRGWhergin {heldrst apgsture 1s
alighdtewifiothe séongd apeagiredf claim 1 affixed to the rotating
pl en, ) i-er. -t . .2y - i ec
porrsned T poldinedaf B i s Mt AR MELSE, SR By
layerh and the hpem Jaysiceorimisad PYYNSIdRTilhg appar atus of clai m
26,241 ur tThepolishingphs bNgaimre3| Wherkih theegudyandr mésii iseledtédfiom

the %%)?1{_% gcr)pls}sﬁgg oAhg{%}oBﬁgticoeflas%%eks? Meﬂlgos@t W&L,%%ﬁrurethanes,

rs
1ns, polycarbonates, polyvinylalcohols, nylons, elastomeric rubbers, elastomeric

polyole
polyethylenes, polytetrafluoroethylene, polyethyleneterephthalate, polyimides,
polyaramides, polyarylenes, polyacrylates, polystyrenes, polymethylmethacrylates,
copolymers thereof, and mixtures thereof.

25.  The polishing pad of claim 24, wherein the polymer resin is a thermoplastic

polyurethane.



(i) providing the polishing pad of claim1, (ii)
contacting a workpiece with the polishing pad, and

W@ oos)poasovi ng the polishing pad relative to thRCT/US2004/017564
wor kpi ece to abrade the workpiece and thereby polish
the workpi ece. 29. A cheni d8l - mechani cal poli shing
apparatus conpr|5|ng (a) a pIaten that rotates, (b)

olis ixed to.the rotating

2%, St B ich! AR p et bt cce to be
pol(ﬂ)she@pé'c}ierctbmra’@teﬁ,ng the rotating polishing pad. 30.
b heRhEIIRE PRI CRlm DAk&h il \le ARRAAHn, eﬁd cl ai m

sys(F)Ieumr 35tk FRERa b i Reteehe BT vleslil FE 1o

polisbinppidsi ng (i) providing the polishing pad of claim

15 27(I i )Th@%ﬂérﬁ@ilhﬂé?chﬁnd’é%d‘lﬁhﬁg %ﬁéﬂritﬁb dﬂ%alrﬁqbl ahhag
pol 1 shing pad relative to

CO“?Wi%PIJ 1$'8‘cé)dP‘Bn dgpg%oéi YH& wor kpi ece and t her eby
pol38sh tﬁhmethodhbpcé@eng workpiegeedreptisls produci ng a

pol i slhl o pag¥@{ducétﬁéﬁ}1ﬁ;h@§gm¢f$dlﬁﬁ 1goext :JIUdIf ng two or

nor e ay rs o mer .resin 0

produci n a ﬁ%rft?g‘ﬂgﬁévoﬂ‘é’be%wl%%aeq?fihl%ﬁa%r 8 ng the

st eps of(iii)i ) npivingitiegpodisipug yadeelativede theumetbpiees te whiiadeithe
woﬂbﬁé@éﬂdﬁhér@bﬂdﬁﬁsﬂfh% c@f a supercritical gas for a

pr edet er m_née erio e anda&?éfoamngthe

par2t| al | 011?81& ﬂ?&hﬁ%’F‘mF A TRPT B i ng the

sheet t da)a temppémdbairdatehhove the gl ass transition

t enper a%w e afe hﬂnﬁ?ﬂaﬁ@ﬁlaﬁh?ﬁifﬁx@tﬂm tﬂ—JE%taﬁﬁé &n0Odnd

claim3 furth oW n

oy e Whoon cger L s i by Sieddi P?thlﬁltﬂe
gasrofauhgpmhshglgspaép (i). 35. A nethod of producing a

IO ol4pshi Rge F&g‘fim%l ] Héﬂ?&aiﬁ(ﬁf%ﬂiﬂﬁ 'aﬁﬁa??ﬂust dR123h @ Srufther( )

aci ng 1eet aving a first face and a

B’ﬂd‘nf"aﬁ’@@ﬁ%’f‘t FEV R ¥efBressure in the presence of
a salper ¢ method bf gshihps warkpiceeledreprisinged peri od of

tine, (i); fspmvﬁﬁﬁétﬁgp&ﬁﬁmég{l@% rdagasof the pol yner

sheet ta rst tenperatu |s above t e gl ass

transi t itBh téwﬁ%sawes@lﬁcwﬂ &W g andci )
subj ecti(iig t hevegdlensliflacepafrelhtiee tpdiieyw&kplsd’eetehbmde the

the first terrperature and
wm?c?fép@% ; gir{ﬁrﬁbé;@*sh {héwl% e,

heet. 36.. A neth
Bt E‘H&H@Pgﬁd?ﬂ’%l%‘%g@?aé‘u PRiiping d ﬁﬁmglg%lwgcqeﬁ%udmg
mosdremﬁe mﬁzex(slo)"pqimmrasjna mul ti-layer polymer sheet
Cogﬂ%r ' S'ﬁ&eth@% 6F éto&ﬂ; aa'ﬂ'(l)!llglgrﬁéﬁe{dfo? Rt ngllfn}fHﬁﬁg ﬁ1@§ﬂeﬂs§of 1)

I
pl a@%@r@@;m%v %ﬁ?t u@é@fﬁ%ﬂ@iiﬂ%&é@éﬂ @Frﬁf‘?ﬁé@%’éﬁ PERgIGtticgligapfor a
preddtérnisedipeicd ofind 4 (Hfohiink alyarartixly VismibedpeBimet cheat by
sub{e%ﬁ%t@@%ﬁge?to aq%%érﬁul%gg&% tﬂ&@a@t&ﬁétl&{ t@ﬂgéﬁﬂu Hor thﬁ po flmer

ner r ast one
sheghf t he pol yner sheet and
34.  The method of claim 33, further comprising the step of allowing the polymer

sheet to partially desorb the supercritical gas following step (i).

35. A method of producing a polishing pad of claim 1 comprising the steps of (i)
placing a polymer sheet having a first face and a second face under elevated pressure in the
presence of a supercritical gas for a predetermined period of time, (ii) subjecting the first
face of the polymer sheet to a first temperature that is above the glass transition temperature



(iii) foam ng the polymer sheet. 37. A polishing pad

for chem cal - mechani cal polishing conprising an
Wopisoaisky transm ssive nulti-layer polishing Pemus2004/017564

material, wherein the optically transm ssive polishing

pad material conprises two28r nore |ayers that are

jOI ned toget her wi t hout the use of an adhesi ve.

hi
£ B bt i bie S et P it Sl telgpymwre
thafxslbnbw thy firsberperasiro and (39 foaprag folpolmienghepad of cl ai m
37, wh erg h{étﬂoﬁ%f?ﬂ%ﬁﬁ&@é 4 pmf@mla@ﬁm c&%uavlﬁ ZrUéthmhéﬂﬁrsteps of (i)
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51. A chemical-mechanical polishing apparatus comprising:
(a) a platen that rotates,
(b)  the polishing pad of claim 37, and
(c) a carrier that holds a workpiece to be polished by contacting the
rotating polishing pad.
52.  The chemical-mechanical polishing apparatus of claim 51, further
comprising an in situ endpoint detection system.
53. A method of polishing a workpiece comprising
1) providing the polishing pad of claim 37,
(i)  contacting a workpiece with the polishing pad, and
(iii) moving the polishing pad relative to the workpiece to abrade the
workpiece and thereby polish the workpiece.



