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melt fabrication (e.g., extrusion, injection nolding)
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molecula{)ﬂ'g{gl? £ t?rg #5%6 é(gj@t%mepi!oy BoSRR Hnbl Préf&%ﬁ& %m)g/mol to

branching “or ¢ross-1I1nking

100,000 gimgd gvifly & BEJ of bh t@ ér@réfeaahhy é9%s), and nelt
[oo19] t m%%’é}%sﬁﬂ_ se]e&ed)fort o@&ls)&ﬁﬁénélqﬁéﬁrabwm ckRS&in mechanical

properti eggl:? ﬁt@p{q ﬁggng?rgﬁﬁ# ag@g&(}éﬂ%s% l}pﬂée?tﬁane, the Flexural
Modulus (RSTM DEQD)qhefembly it 1360 WP 0R50,080 i e 1000 MPa l(-ar50/i0gist), the

s b e A T 00 PR yon

* hardness b‘iS'IIMlDilJOB%)pff@ @r%&)ﬂe}g D0to &D). Typi cal ly, the
[0020] t h% iSBHélﬁﬁé b&d suBQtlréﬂt:' gf«} zhﬁ%ﬁ thiaSmAta8b 8§51 0% 8Potd @'k, 20% or

ature’ of

anmelt tra F&S %?
more) at %té%é?%ﬁt wrelengh indberange 9£A0 W%ﬁipﬂgﬂﬁ’oqif Fablp Lhgporous
material Ha8 adighﬁir&’fshﬁftﬁ{cb @)f BOYoyoR Ingdre lﬂe 0, 40% iyt adrravem pOoyormiore) at at

least one %@wé?clgtéggﬁ % g J%HO %@ﬁéﬁ}t‘% qgrg 253? @)) nmtto Zgﬁﬁ%ﬁﬂt or 200 nm

g/ mol to 400,000 g/ nol, preferably 70, 000 _g/ nmol to
300,000 g/nmol, with a PDI of 1.1 to 12, preferably 2
to 10. When the polyner resin is nylon or

pol ycar bonat e, the wei ght average




nol ecul ar weight (My) typically is 50,000 g/nol to

150, 000 g/ nol, preferably 70,000 g/nmol to 100,000

g/mol, with a PDI of 1.1 to 5, preferably 2 to 4. _
WOOBY374We pol yrmer resin sel ected for the por ®€S/IB2003/004476

material preferably has certéai n mechani cal

properties. For exanple, when the polyner resinis a

t hermopl asti ¢ pol yuret hane, the Fl exural Mdul us

ASTM D79 referably is 3 MPa (50, 0 si.). 10 1Q0 .
01,0003y f £eh St & §O0 Y, ot et Bt ppd bstrate s
at least ifi Eah@lﬁ&mﬁg& b%‘t&ﬂ(ijtﬁgﬁnﬁ/pfo@bﬂim dg it pdfous magprizd belectedfidm the group
.t or.e rdn , i S
i G5y AL P A R R
{0021] haFhepblising ptad anbstiate efitbeinyenti@voffers imprevadecagsistency/pbthe light
transmitﬁ}%@%g&%%ﬂ&%%ﬁ%%f ﬂ%:}gs#l%}ig :pig‘ gL%lﬁtrht@. ThR £ ARNIGrieEs the fact that

era € porous mat erl a as
the poreg,areipgesent thegugheut kpesspigheaolishing padsupstratgoJihas, when the

surface 14P¢r8s rédioved ﬁﬂn’xﬁ%ﬁl&!ﬁﬂﬁ? ﬂﬁ)suﬁéegﬁént 1yRAHen 4T thaasv el ST vie
0 0 nm 200 n

_ In the_ range, of O pnhmto 35 e. d. mto.
substantipd)y GHRIRROTASHY R A0 RS Bu s s SBRPDBMhine
propertids dn@ lighﬁﬁﬁlshiitmn]?e) pﬁ@mnf Z@ggenﬂp h&ga% !lhgemln afifiitioh] b transmissivity
ransm ttance of the pol.i shi ad_substr . t
of the parisitg et s§HFie G ok Yo (i B Ao S pt B because of
the roughimss,and so theyxteentage charigedn ghtfscattaringelug tooaryy change resulting from
. [ Sti ' v oi.di: r J | .
oS53 e SOAPAC 0, B Bt sty
transmitignessef the polighinginadisabetnate dasTessesdrslessiapie (@ enlsssthand (%, or
even les©fhah B%)lovEthe litetidtSerthd AAERiMAG sibstrald. FRicbdBhanbed, bBken together,
) pol1shi'ng pad. substrate. This feature arjses fromthe
will lessem,ex evieR ggwa{eﬁ]ée )E,qgflég aé;p.lét tBP &g ﬁ)ﬁ' %qu-pgwﬂ eqtign system over the
lifetime ?ﬂdh@ lpaﬁﬁﬁn@adltshssm. | Bt dstgmpakd gﬁsld@ﬁiiﬁtai(?g in E]i!gusuantshﬁmance of the
... the, “surface,layer..is removed durjn i shi e

potishing RELaAEHE of by HNEnGoR et e carp Sl bkl sy BoaifsolldBotyurethane
window sfithetpriot auil Byfosé polishingpsolukypdliyurethena wingowebave consistentsirface

. a . - .
popel S R by PO U R g i
inconsistealsurface properties: Bw,re£we an epdnpitsisiepiion/sysisim mpg be constantly
st 8RO B IRt 100 i s hping, (ot
the polishing pag sylviraise e imuetioBrhagigs With 3 royghened sirface g remans
substantihﬁ%' _&ﬁ%haﬁ@éiﬂgﬁng%gﬁl laﬁbrl’lﬂ)rgsi(ﬁmiurﬁigr pdisitng edchithat the endpoint detection

. ol l1shin aqg. subst.rat e, duri .Pol 1 shLn .S .al S

sttings PRt BRURRY By bR, OV SRR RS oLl B pypgtace
[0022] poThespresegepoafpaetintthapalisingred sebstiate dfdhsinventiiona@achave a
s et o 3 B PG 2, S 0B ot o
absorbing e arsportmgealisting slREY, gfhmlthe rasBUssivVEregioR farbhaye polishing
propertiek it BRAHO QIR S thel iBRaifdpdHiohd 6F tROSHIRK R pde!l &fédmhe

e B e o St e R et o
the polishihgpadbitisane @ssthl dstepolishing Shiflag: itibus thesicedifor ackecdrit opaque

o o AR G R0 e e S et 7 011
[0023] pdThegtulishing pad subsipatie pii thetinventionioptiovally Harler comprisesendye, which
enables t)\?mé"%lf&%{\;}vﬁg t® E&&ﬁ%lg?gagse&ﬂ%?éf a ﬂdilﬁﬂg% WRleleRBING. t’IIEt@ (c)lye acts to

C econes. abr ¢ a a scrat ch giving,rise )
filter out updesirss staxplenathy 9idisbt (5 gplackerynd Hight apdthys improve the signal to

noise rati8 ¥ @eicBiior ETRGIoliSKIng P&d QibstrlRical Boreiprisetaal shitabledjdion lagdy

. in response to each ne attern of scratches..that, . .
comprise,g 4T RAOF 4450 T U R YB3 L R BB VAT Re Sbmedi Ay pethine
pad substrate of the invention begins with a roughened
surface that remains substantially unchanged during

and after abrasion during polishing such that the

endpoi nt detection

ok




settings can remain substantially unchanged over the
lifetime of the polishing pad substrate. [0022] The
presence of pores in the polishing pad substrate of

- WOREMAMt i on can have a significant effect @®CTIB003/004476
pol i shing properties. For eXanple, in some cases, the
pores are capable of absorbing and transporting
polishing slurry. Thus, the transm ssive region can

i L6 I .
s, e o MR 5 P Al e iy v, s
dyes, aze Aes m@mqymom éy@uwla@dmeﬂn@ﬂ@ like. ﬂmahlarthmrmmwon spectrum
of the d)%hht%ﬁésrtﬁ opéﬂa %ﬁi th8twRvbRn foff iighaRkd @ ﬂ@iﬁ?en&p'ﬂ t detection. For

strat use ol 1 sh |ng surface
examplep e e (L SHRERIOT Lie ShdaoBbiriection BRD) <ysi g fser, which
producewoisibflsahglg haﬂﬂgtahﬁiveleﬁgﬂl&ﬁ' 340xs b TG heihg f:r@ﬁ'hbl?{lis f¢ed dye.

o C55Eho R AR BB o P
techmqusutnany af which awdinewniiu elhwart r&xsaminpla, thetpotifhiag pad substrate can be

produce@ﬁ%&@%%@ie&\ﬁﬁg gﬂ] fge1 ]?%ﬁ?sgy@) Qﬁﬁa%gtlrﬂi?rgﬁljl ;%12: teRU(d) a spinodal

or bimodal degompesition ma@,ceﬁﬂapr ®e prmmmegras muesmon @r@@ssr atio of
[0025] deTR& sl r-SBS‘ss RIS (A LoRAniA Y A SbIyale r&RDwan %ﬁbé‘@nncal gas to

ui tab conpr.l a corrbl nat | on
producs Slngle Blsbe sAOTLI] et BOIReRA ubxRFio! ty eseion from the
smg}e-p}tefse sauﬁbmefl‘lhe/;ﬁtﬂym 1é610440 8 490 oﬁﬁé' pbIFA10 dsfHa e dGibed above. A

supercrifihf B R e 8 0y Gkt acﬁs%g & ePiedibpersie (6 5 100°C 1o 300°C)
and pressiyre 6.2.23 MEMeﬁOO ps) tor 4MiPa @rE00ysD) sigiicient todyase a supdreritical state

n el i B4, Eb TR ARSI W o™

hydrocarb%d:hﬂqwﬂmmgﬂrbm émtpghlntof@@rmhoc L gEﬁleon)e RifrogE®,, earbon dioxide,
carbon nmgﬂlduv& A dofindRH edto 'Prét@ﬁbﬁn ROB s SR AmATRbleRE) for

.S a uces VI Si

. example ggg ﬁlj gow% F%@{l %:Sﬁfb"@% ?lae fsmewh?setsr?@tw@f fhe pofymer resin and
the superbfxﬁéaﬂ rgaﬁ)typldaﬂy & pfrelfhr&yﬁy bIeﬁHlﬁé]therﬁgeﬂ@ﬂhbéi %hmhtﬂaﬂbltcn polymer

s R TSl A S 040 134 10 A re e g
expands &r formRgorestacpire mﬂaﬂngtpurhfmimhygaf part skiebgithia tlee malerbgolymer resin.

The conc@ﬁ&%etﬂ't A Z.i)j)cnﬁ 5%%? rlthg &g?es@asé ?aluﬁo’ggtncgﬁg 1S 0 01 dg Ito 5%

]

| ver sl
(e, 0. 1%t0b”ﬁ°/nhtféhe dﬁb‘@zﬂ afithmsipglegbess sobitiofie sq@@%ldmozekpmcess
features aﬁ‘é%eécﬁlb@ﬂﬂ RRheY RESER-U. Eopﬁéﬂt 6Tmr8£g:: ?h&n@&ﬁ%@ﬁﬁm structure is

i nvol Vesttéeg%pﬁonbl .ni ng a} % a
formed by gprafing p e ipstplispie e gingicrpiase Bt Gy @aidly
changm gahei tefriperdtae hdor pre@@lrde)%hfﬁtﬂem &dpﬁ)ﬂ’ﬂ@d gr@:iter takn ¢ O®nucleation sites per

- om®of thy RO oy s B HEGS BT B iR el of e

supercritighlggae forfr clestpsifon: whizhlthgealsiis tipguenstreateliy] gsolej Fhé nmmber of

nucleatiof} Sg@SSlS 'ggiggﬁeftz &@Lﬁﬂg tﬁgﬁﬁ% ﬁ%&% C)(f%)uglteatlo}[)&%ﬁsso B C)C%mmy equal
to the nmph?l)qf cgllg formpd it t: aomaﬁ@tealaéu’ﬁmealm ﬂ@athemtoalmamncnnstabﬂlty is
induced atHeCdXit JTeheIRs1dRR Y O Rich ckftams ftﬂlé%lﬁ’gl@phfse sofition. The porous

material q?g}ga‘ﬁg‘c L £ &I;#%éé?-pﬁﬁspéegp%ﬁ ysultabPe tegmmque including

extrusion hyﬁr@ﬂhﬁntr@hhﬁpﬁo@ﬂﬁiﬁm dfemgtilayérr shedﬂé jinjectioro@elling, compression

OXI i natiaon
molding, ?ﬁﬁ\b )6 %g}%]gf %lﬁﬁ%g OWP cagt ﬁ‘ﬁa gﬁ:ﬁ;gm% m‘alé%, and
laminatiofio Pref@mblnrpﬁle pahémg paﬂaiubsio@s (st the potcass maGridlois fiatsned by
extms;onB'F ?nJ &diidgnfo18ias Thé Bbﬂéts'iz%rbf%ﬁ ]{»J}@uﬂﬁhﬂéﬁﬁrls g@gﬁ i?Psht controlled by
he supercritical gas typically i's prepare

bI endi ng the supercritical gas with nolten poI ymer

resin in a machine barrel. The single-phase solution

then can be injected into a nold, where the gas

expands to forma pore structure with high uniformty

of pore size within the nolten polyner resin.




The concentration of the supercritical gas in the

si ngl e-phase solution typically is 0.01%to 5% (e.g.,

0.1%to 3% of the total volune of the single-phase
WEO0MAHIA20 These and additi onal process feat urldsI/B2003/004476

described in further detail 8in U S. Patent 6,284, 810.

The mcrocel lular structure is forned by creating a

t hernodynam c instability i-n the single-phase solution

the temp%?aggﬁghp@}/sé%%pa gglécmgrgz?{p%&} t he t r at U gﬁ:ngyglauons thereof.
[0026] nuThe adli-gal psacesssinpelves the‘rﬁ:epﬁratlbm ofa tlnee-dmenbionalend:taerxlde network
(e.g., sila*éﬁt%%e%&kégﬁc r$ %. Eoh nl%ﬁlal‘ﬁg bﬁ%rs%?ee %‘Sf?c% : o(ﬁ)é/ﬁ gﬁh Fﬁrébution. _
- Such three-dirgernsional eetwoﬂ@lise mgwselsmmgbemmpar%um sarigdy of methods, many
of whlc}{‘ ntl)&%h?ﬂ %?Ssdltibl%%éﬂms ic1Rde ﬁﬁﬁlémc?% ghabnd- ”) methods and
er of nucleatjon sites is [ OXI equ
two-step IRethAdt s oneAneihd. 3 di Bﬁenwepw fzq'i tﬂﬁt@ﬁ (C silfeate)is
p:epa:edTwmbﬁ@.bdmfcartldohfel :cbﬁddﬁﬁfé?j{maéﬂ Hlaha tsalsconbtmxmd conditions,
it, o e o ont.ai ns

to form & g e6n st pry ARt R fﬁ%mf@@ﬁm@?’? © i Ofjietal alkoxide
precursofrsa(fet‘geMGRm, wihercii Mok 8i, ptaEe Zs0drut domsbitmtioarthersaf] ambR és an alkyl,
aryl,ord go%nhﬂ}fl&ﬁjo% fhel%ob%lﬁ%{ wﬁé{ yélyé&iﬁg etltsmv%nﬁcogxgdt:ﬁlﬂg Qva‘?%}gﬁa an alcohol,

rusi on
undergo dyydyol yeisso e atkokide hgandalandwme@isatgm (blgo welycondepsation) resulting in

the fonn??x'&ﬂ bt W@fmhgegge f(é r'131— 2 tsﬂfokllnlﬁgs %ngﬂhﬂi‘ld'lﬁp cﬁ%sts such as

t1on substrfa

protic acids, (gg HGY apd pasgs (Ehm @nmamﬁ) c@ lffbusﬁé Byprogshe e@ﬁ pf the
hydrolysid4rRCdon@8nsaRbil tABion N TwR D ﬁbﬂﬁd@fypid&ﬁy ReoBkEShe use of pre- -

polymerlg0 Bres PRt BE R 5%3%@'%@3&%%% st fendidicgie A0S, As the number of

M-O-M Hhﬁ@m hﬁ:reﬁé}ﬁ aclxaeditignsiohslmedioikhie fenned wich ¢omddingpores that are

T T .
referred txasde ai@tgmb r &mp(lee\gporason ofthn solventiypicyilhizedsilg cansiderable
destructlgﬁ B%’ el sL)?H el ﬁféﬁ nﬁioﬁﬁ neﬁ%&ic Q'E&li?ﬂofﬁ] th@ﬂﬁimﬁﬁil?oﬁd ¥éogel. A more

I mensi
preferrecb@mr@etp@bm@% wiechslogpaqtaesulldn substanfial destryetinm ofd paglidl three-
dimensidH[¥etwBfl, WihipRrcaitiSal eR@HHoh N Subércfital eﬁttﬁtiﬂh éﬂn%t fdSives

Y I W

agent (suhlasth altohél, #i parGenldrenghanok ad ispresdnt ircat lgogel or CO, gas which is

ccomn B P S0 RGRTRR o 8PEB3 e Aoy

is above flwraritichkpaint ofsbnerpandiog agenhotinderthoserronditipns, yittifinatione gross-
linking, e}é%.ﬁa&#ﬁ oT?h% sgfld Hi% eﬁhiA?'ﬁJn%md erhdl%rr@&ufeag Hﬁen(sfovﬂy lowered to

I nat 1 on
allow the ¢xprading agemt twdnfﬁlsmutaqf fha vitrifigd strucgye. amenE&& $Qlrgel material,

referred oM@ Qkdo EM' hada Hﬁ&ﬁcdﬂu@aﬁ B6rel sruerus@iniehich Wﬁv@targb PBre size and pore

size dis qu;glcglg a2 Eeg gachc undﬁg’%fqr@#dr O| Si’n"aic’lsp%rent to visible or

ultraviolg@@dight hndeyn s atalvelm)gth abaMletZ50 @gm. nHybﬂnda ofganmahmngmmfso]l&@dl)nlﬂten als

also can %ﬁ&?&ﬁ‘iﬁsep Y, Br gt Iteas%/)s ‘ sﬁg Jp%ﬂp eH%% i< a%% dmat(ena}s typically are

prepared Meing CiiﬁmlCBéB@Slll@@'S gontavammmﬂa)nocmmmms@n@ grquﬁ@r Blhen a three-
dlmensmhgﬁ\dké)[}ﬁtﬂeﬁﬁo&fls Fo‘?ﬁed Hﬁﬁrsﬁlzﬂ Pi’e%uﬁﬁfg %W@ﬁﬁ@éﬂoﬁglsécan become

reactl ons. nmet hods ical Ly involv e use
trapped %ﬂfld?)?béPOﬁ%i‘WFF zxﬁe PATe eige Sy B comrells ‘éghp‘SF’ﬁ ftiopeRf an
appropnztt@ bfg%ﬁicfybup r EMﬁplés ¢Tdiybrid I(E ma’t‘&ldlﬁﬁcmdﬂbla?—p@iymmdc hybrid

i nk ree-di mensi onal network

matenalsl@%’iﬁ?)éﬁ“&%?@ Bﬁ?febgﬁ%ﬁgdt "?l%s that are filled with

solvent (e.g., water). The sol vent can be exchanged

w t h al cohol to forma structure referred to as an

al cogel. Sinple evaporation of the solvent typically

| eads to considerable destruction of the solid

t hree-di nensi onal network resulting in the formation

of a xerogel. A nore




preferred drying technique, which does not result in

subst anti al destruction of the solid three-

di mensi onal network, is supercritical extraction.
WOA984/837#20 cal extraction typlcally i nvol ves  &&FIB103/§04476 -

the solid three-dinensional ®network with a suitable

| ow ol ecul ar wei ght expanding agent (such as an

al cohol, in particular nethanol, as is present in an

[0027) aI C j:lhaseoihv&%ﬂ gﬁéeg}.&gvéssth? ﬁﬁﬁ&ﬁ% b? Qﬁpenli’éf{l Flléle garaicles ofa

' vent exc er at
po ymemeélsléha ay@ beanche tb%?}m or | s° the el mnz:a highly-agitated non-

sotvent.PPhélbol9net REINGER O dhﬁsf BIymeUPéiﬁfs demd aBEVel t']'h@'ih‘én-solvent can -
vitrification, cro Kin msrjzatlono

be any shyfable spivant iRy ing 2 NeElg sobuen} wtgractio parameter (e.2., 3
Flory-Hidgind intdraien @drahﬁter gidamn/ﬂiah@ K> >4 &Bl@lpmg-eﬂtledt @nteractions are

el RSB e P s O
Handbook,dEdbd mmbauEdVIaqkoOefcxd Bmintetnity BressyNew Y arkep. 874rca §89% @terth
Rubber ghélﬁl e Td 81, 1944263, CHGS Bﬁft&g i @RC%dQ@ol@ﬁgd'hﬂJﬂl&q’arameters and

naterla can rau%f en
Other Cghesiqp EqrramtSISéERfF PEASE: Bp&@ﬂa@na BePt azis@al
MacromdBcultds1989! 201 QﬂﬁlFbrlcﬁﬁﬁﬁlér\hﬁenSlﬁb a@knemsﬁnb %'tﬁemﬁbﬁz@nc

be transp or . at east transpare
Poimetﬁ%% i2f argmatiy %ﬁ?wlpgbw CeSif Yan ar%}vsgférse arsthers, ketones,
chlorofoefg Himahylﬁ:frﬁﬂﬂﬁdwmﬁ tho fike havaigtepation paci@tsd Rsethan 0.3 and will act

as “goo SRS BE HABD 1l Dutn Q%ﬁ%@gcﬁ%ﬁﬁgmwye&%gﬁw cyclohexane,

cyclobugne,qnd nealkarze bevesn intetgepienl panasictte gtdater tand. Sandufihetion. as poor
solvents e‘n&? rs@lvéﬁtg 8 fik| I-‘ﬁg an %tkﬁ%é&@ﬁﬂ&ﬁ} i@%gxfsﬁh%% 'tegﬁperature 80

g_late I C group
a solvcné that gfeq gfwdtse e & hwhé@mn@a@reéyn@meyamﬁ @élon;sgkwt at lower

temperafiRésC I APIhe nafhBer BYifRl SGWTM YRl RIel %o fRLRRIBIVENt W& eases, the
2004/Q37490 PCTI 182 /

00447 2
fine polymerdpsip artisles cadnecy ﬁq\fm wdt 1@%@5&#@5@7 @iddﬁ @ngﬁ&%aéhﬁey
dimensiérial polgaret nétwesk. fhethonfsdlweiemixteci i tHeh @bolbd vgushggahe non-solvent to

form intg G 5o AR ™ 0p i oo HmSisigrylafSmbCim b, i relng material i
a polymtﬂmaipnhhhwingmab+msrodqaenarsmed above. The non-sol vent
[0028] © a*T‘he Qlﬁln@tﬂﬁ OISHith]‘?al? h@coﬁ‘gio fdh p@c\é%ﬂgv&vég &lﬁtrollmﬁéhe temperature

Iory i ggi ns poly ven I nteraction para

and/or velamg fraction pf pynggolﬁaler AieRER: 01 BPolyaensalvar ngx@m &9 as to move
the nnxtﬁ:'&éli’orﬁ aRingleptedic Rt TRIo-StMosake tgiddl aRithiaiBe @fcﬁphars]e region,

NI W T 7
Decompdgities rdfers hathe, pr@&isﬂﬁdwhiﬁlé‘g@bghﬁﬁt pBl)&?ﬁeg‘mlk\Etfe Meihkes flom a
t Ru nd.Te

“"neq“‘lg%“““% éhaség? ?‘Bﬁ‘gib‘ﬁ’rr’dﬁbp‘%ﬁﬁ d %’ﬁ Byre ﬁ%?‘? ‘ﬁ'%/ﬁee enigy of mixing
curve 1s Regative sunhsthatphiase@eparatic@odfdbe polyParsdet éngaBRCo P rasphase

matenal)BBP?h :'sgﬂlrzrtﬁh of g%g:%i)énger aéﬁ Bhe @%ﬁ? g @%ﬂtaﬁ&o\gﬁlm response to small
fluctuations) i g voluge ﬁrapfsona Ip sy tipgslah segion, thsnojapertmixfie isstable with
respect t@ m&ntﬂuem@ﬁmrm béﬂ&ﬁfé ﬂ%hdﬁlﬁxﬁi fhag ﬁ:quﬁésf m&laﬁo@ Q:lldigrowth to achieve

t
s phase- P TRelTy RGN o BT AT oLuof HE BP DRET Hyrd fiedriabebgfe and volume
fraction withinrthé B?Vts-phzass segdidmfi.c0 i tinstalbt dpirmoaial regfon) epsolts in the formation of

a polyme?l% \fgﬂgl 1]}@ rtw{; Elg ?éj | e ﬁﬁr o a@leﬁrﬁﬁﬂﬁ‘é Ehel'éde!?latgl% a solvent or a gas, the |

rocar on-—so exane,
biphasic pylo'm maggrial wakhepntain Bﬂk‘ramecsroxh aotss ahthe interfacetof the phase-separation.

The polyﬁf%i'saﬁi%fe%blﬁ E&dbe tﬁ@ﬁdlyn@(elsreéiﬁg dEééHBEd SHvas poor
| vents or "non-solvehts."” The Fl ory-Hi ggi ns
|nteract|on paraneter is sensitive to tenperature so
a solvent that is a good sol vent at high tenperatures
may beconme a non-sol vent at |ower tenperatures. As
the nunber of fine polymer resin particles added to
t he non-sol vent increases, the

r->




fine polynmer resin particles connect to forminitially
as tendrils and ultimately as a three- dinensional
pol ymer networ k. The non-solvent mxture is then
wOo0hess7emusi ng the non-solvent to forminto dicagiBedB/004476

droplets within the three-digrensi onal pol ynmer network.
The resulting material is a polyner material having
sub-m cron pore sizes. 100281 The spi nodal or binodal
deconposi ti on process involves controlling the

[0029] t e’ﬁhepmsmmeed gasdnjectioniraeass fnvalses the use ofhigh temperatures and

pressure? & %Wa sfﬁﬁor}ﬂﬂﬁéafl Eihiif n$£fs§nto°ar st?8 %ngﬁﬁ SheeP E&Eﬁﬁs:ﬂg .YathIﬁner resin.

The polmﬁr@esan s of theangilymer rgpinpaescrped alme pg%‘i ﬁ eets are
placed aﬁ‘obﬁ%mﬁ@ﬂaﬁﬁéjﬁ‘ﬂto Qﬁﬁa@ﬁ@ §edstIOTA Slipehiritieniedas Q@QQMQ}?I(I(DZQ is added to

oves e PR 0L B, SO RO 00, et o e
gas into tHe)fkdér v%hﬂi‘it%ﬁlﬂép(ﬁlmm sheen discathdind of gam didsabed tiw therpolymer is

directly gﬂﬁ{)xléi?g%l}tg :Eﬁep na & @85%41 ?cc%ﬁdélg%&%erﬁg’g Czﬁz{; 1 H‘f P@as Fglrgetﬁe temperature

of the pad@aper shtétoncredses tlhe raje bfj didfusiopiof ghe gas dntadhe Imiymf:r Hut also decreases-
the a:rnoﬁn‘{“ﬁf E%atﬁgt cgﬂﬁﬁ%l’v@ln) the ?Bl}%@%ﬁeéf’ eBRESthE 88 Ris th&%ugh]y saturated the

ven ont aneous 1 n reﬁmgnsg
polymer,stha Fheet isrampved fram éh meﬁu@zefbwiﬁ@ Thaenisiag pplymershect typically

has cell Qké&qgﬁérm% £6hQ% m'ic@@nsl%a' ViRRror! Pfidedifed] the pbBjte? shbdt Iéan be quickly
o smal | gg ﬁltlonsmﬁ vol u fract.i on

heated tq mrsﬁqneﬁ oF me’éenrﬁm e R PSP REATCSo NG ORTEYIE® 0%&3 porous
material WS&sﬁﬁHﬁﬂQbﬁﬁolmtl@rtha tempiRi stGieppieadure) and tortdentrptodryoithe
ture e ture and volunme fraction within
S“Pe”cqu"?i ‘E?P:S@’émﬁng _e., the binodal or spinodal
- [0030] r eW¥ilenthe mdishing pamsublsuratb@:f theet iimeention coustibges/ondy a portion of a

polishing %%le rtﬁe%othgﬂ}% ggq sulfid o?ﬁf? e n'foﬁmfeﬁ‘fntg lelﬂﬁﬁ{m%‘bﬁ £1ﬁg hﬁ'y suitable

techniquaaFex ¢xampld, the polishing pad aﬂ:stfa@,cgn, bgmogg eddntp ﬁé‘)OhS ing pad through
the use of 3 sfv%g leg;ﬁ’{ &lﬁﬁmggﬁé SnIRERRS @h b8 Mountedani@dahy t’@f p‘nrtion of the

prefera onpr i

mer resi.ns de
polishingpasie.8. \ﬁbn@@hmgvﬁy@?mé 6’34&%116 %{%B%%Pnﬂf the
pohshm%ﬁﬁﬁ(%tg JtBeshbpad. Mk polisiing pﬁ@ﬂfb&@ate mohmany seitalde diniensions and

can be I%B99v€irgﬁﬁ%§lt g(‘;t?eqsﬁuﬁaggtggﬁ gtﬁ%rg gmg éo I?e oqoef sﬁ‘mg §’ﬁd ststratc can be
positionalosasits be fush with thepolistlis surfactiod tlpxﬂ@}dnbng pé@.m cgmhe preessed from
the pollsﬁﬂé sﬁlfga%h)? tl&gio\ﬁgﬁhg 'i)gé" @ﬁe g@lﬁsﬂﬂé}%ﬂ caf eé(rﬁ risdbreCbr more of the

at ure- |nto

polishingpasksbteateseaf ¢leg lnth@up éﬁh@rPiOllﬁléag Pgib%lbétéatg(s cagb @9‘251 any
suitable fg&]tﬁﬂf&ﬂh& olzs‘hﬁfg piassialive ﬁﬁﬁe Eélrﬁer\/z@xaﬁ)? beﬂl@@j’/ Sﬁﬁiéfpoﬁﬁdng pad.

evel fic rce a te,a
[0031] of Thargolishiag bpshings PRISHHS BOOIERSROUHE D T H PAL b lade of any
- suitable ﬂﬁlﬁhﬂ{gﬁi&ﬂ Tma@d‘nagaﬁmﬂl of" S'ﬂhuleﬁke Ikﬁowlhém ﬂﬁlaytnﬂ]help@hshmg pad typlcally is
C r on e a S
opne o A G B R AR BB G gt st

For examﬂe tthepgohingpad sypwﬂlyucnmp@ampqumelr r-231 ) sglf:ctéd fifoys thergroup

B LM L AR R 5‘?
polycarbapetes. polkyvigallalavhels; mdensughstomstie ibbesaclpriameps plysthylenes,

polytetra?ltigrlj)lé el p%lyfegel?rl’éf%%éie : FHRALAB) %oﬂ’*]ﬁﬁ@dé r pcﬂ?ﬁamﬁfes e;boly&bﬁ:nes
o) e S S M B Ay S FHAGT Tt

pad can mrwﬂﬁ:fedfblyeﬁy Slﬁ&bld)ﬁethdd oidhydinghsiategiog, tinjeaticrombliieg) btow molding,
extrusmrg m}‘iﬁ}‘ffl‘ h;l‘ﬁ e go shmgtp%g:cgrﬁlb%:?ﬁ& lmcfr'iq% e&ﬁéus, Eg}?ccﬂﬁ&ﬂ microporous

closed calloyganaiohiain ctppn cblds, peeayegoatain 8 fibprussalraato thﬂ a polymer has been
concentration of the supercritical gas, and
conbi nations thereof. [0030] When the polishing pad
substrate of the invention constitutes only a portion
of a




pol i shing pad, the polishing pad substrate can be

mounted into a polishing pad using any suitable

techni que. For exanple, the polishing pad substrate

woamdms74sount ed i nto a polishing pad through (POFIB®3/004476

of adhesives. The polishi nglipad substrate can be :

mounted into the top portion of the polishing pad

(e.g., the polishing surface), or can be nounted into

t he botton1port|on of the polishing pad (e.g., the
molded. syppad) . The polishing pad substrate can have any

[0032] SuPdlRRing pdﬂmrﬁﬁfg the golighinp pert substrute obiainveatiomhave a pohshmg

R

the lateral Irenspokti of pblighing wdrepasiticins atrospibieisurfdaepf Peecpolishingpad b Such
grooves, cﬁ%ﬁ%%ﬁgr &E@f@h@ CarPd hﬁdﬁk@gltﬁﬂé &t 2d EhhaRe 'ah? sumle depth

. € po pad can conprise one or nore of
and widtholThe pelisjingaad samBavehwosorgnore diflerprt greq Vs pattemes, for examp ea

combinafiSy bﬁm GriAds Mﬁﬁ&lﬁ%@gﬁés HaRsdifbed h@@:@ Paftnf5}89,233. The

sui t gbl osi t.i on pol i shin rel tlve 0 the
grooves ggifted ﬂgﬁg o ated Binay e CORH BT RPETR L SHqusg giasves, XY
crosshatc'ﬁl”];@ttﬁlfixI hﬁdhaﬁgleﬂnaﬂtmﬁdue onhoss-borith@iopoin cohhevtivitad Preferably, the

pohshm %1 ORI Slrfz&éjaﬁﬁﬁf%ﬁq S0 he n@tg?d&xxuﬁard@%%&%ﬁonmg H'lethods

[0033] arRoh slﬁng ppd:i noaipnsglgcthcl pbkqhu@;hadﬁubﬂrat@@ﬁl}g manu@mcayl comprise, in
addition R)al‘ilg g@il {Hffgﬁt ﬂaﬁ%ﬁ#%‘?@ bne IP&oP@@héPfe&ﬂre@ 3¢ c&ﬂﬁoﬁéﬁ@) Ho? @xample, the

pohshmgpﬂch qmpn@]lypau cpy]pnggmgyor@ ofpiiferiang dgnsg&, g)#gnes§ggqr9plty, and chemical
composn?cﬁse@fth 8Pofid %ﬁ%&%ﬁﬂ& csﬁl%ﬁipﬂsb BQlidyartid1ed iﬁ@ﬁhﬂfgtdb@aswe

er nopl ast’i ¢ ur et han th
paticle ol Pl PGSRBS PRy VAR BEEIS WA ioren
particles rliﬂll@ﬂspartﬁiléksﬁlm&llﬂel ubbers, elastoneric

[0034] pgéaijléﬁuﬁé et r@f ; uor%e SHF%]DEI (= O%tBF mveg%n'a%re partlcularly
suited fopadeyincyhjemton wmm mmcdmmhamamsmg ﬁ@wa @ppﬂl‘alllésTyplcally, as
depicted ‘i:noff& esdpé)zﬁgﬁlg %mgﬁ% azpdﬁeﬁ' g eﬁhitcﬂ NN in u €QS in mothon and hasa

y any_suita

velocity ihat:rlesrdtSr@rE prvitel; linggar, omxzc@larmpwm Hpoliphing nad, lreomeprisig the
pohshmg?%‘d sﬂﬁétfé'ib of@RdirvBftidd HonthBEwHR biatdhl NshdABEviaa ﬂrlﬂﬂhe pIaten when

or ous an contal n

i 3 s oy
to the smffédérdf 811 plishing @if Yeeworlkpizcdakes plée by the workpiece

2004/ 037490. P 11 3/0 4
being plages PG ? £ph a?%@*eﬁﬁ% ik e Ploying et the
workpiecef typieally mhlatpohshlhg\zempoqmtbn thiorebgtwegyrsbas ¢o albradeat least a portion of

e k4 QLY o O OB AR, SR
carrier (ecg., avciquenis sarTictlp o5 adiester, ard enfipnaliyan ahrpsive Jaf:pftnﬁ@lg on the type

of workpfk 'béfﬂg?ghﬂﬁg tht',sHBﬁ'shn% é&ﬂ&%ltl&rbﬁiﬁﬁil »m8¥ further comprise oxidizing
perforafions. can be in uita attern an

agents, OFEAYE agi, comnleneagrals R P %?t é°‘5%ﬁ‘?%W?‘iPd%ﬁsaam‘-
foammg S@dts) avktht WiRe OTheTCMP abhfak @i ©ctn tgr mg eaitgidé Chfthappataus, many of

i PG e ST, PO PR GG B e ot

mventloxgerlmsbeamcd wahllmearimlerngicuﬂs sl anted grooves,
joo3s; © ﬁgﬁ {yclﬁ e e atﬁ? 9({) mride€ Hh & siflf RANLERg effdpoint detection

Cross €. cont I puous, or

system 4 sAnY- o W R GIETPIYI i IRt | Tﬁ iques for BisReAtipg apf gnonitoring the
pohslungﬁﬂbée%@bﬁ %dl’ﬁ%gﬂi’@l o Sftfer ?ddldtﬁﬁ&&ﬂ@:l’aﬂ frogacamace of the workpiece are

ndar.d d,conditi Qni.n ]
known e il i BeHOTLRRIFIERe) (o E TP AR Y TR SilSGr g S Patent

of the invention can conprise, in addition to the
pol i shing pad substrate, one or nore other features or
conponents. For exanple, the polishing pad optionally
can conprise regions of differing density, hardness,
porosity, and chemi cal conpositions. The polishing
pad optionally can conprise solid particles including




particles (e.g., nmetal oxide particles), polyner

particles, water-soluble particles, water-absorbent

particles, hollow particles, and the |ike. [0034]
wiphdosbizag pads conprising the polishing pad S URSiB203/004476

of the invention are particytarly suited for use in

conjunction wth a chem cal - nmechani cal polishing (CVP)

apparatus. Typically, as depicted in FIG 1, the

5453 B PSRRI SETS hL S Snt S eb hB
5,730,642 U 1Sa Pateht 5)838,44 7 U.8.iPratank 5/8720683,CULS. Patpet! 5, mm sl Pluem
5,949, 99? 'Hﬁfd' I§ Snﬂallt&ﬂ%o%@;&l S %alﬁ?q:?g‘ ﬁm@éécgﬁ% %ﬁ%{ﬂﬂh oring of the prpgress of
the pohp,lplag @rpwﬁ@wth respeebiq abwork@m:e heingpelished 2natiles thh de@anmation of the
polishindendRddRsei. S, the d% rRRbd ?és}hlﬁ]%é g% J)%?gh}.[f‘.géf&gss with respect

relative o the surface o
to a parfiglflptsporkpiese- ¢ he VVOI‘ka ece takes pl ace by the

[0036] work pbﬁﬂﬁlg Hei coehppisie ekk Ibdhsﬁﬁ‘n tpea tsuwyuﬁté dffie MOEALRR dﬂﬂ be used

nth O|IShIn relative to, the
alone O{l)\%ﬂqi?ﬁ’?@% Wetrﬁq'g @pﬁrﬁ clfggwg,lg]inpg gad. For example,
the polistting paxbeamdmmsed;m cam:hnmtmh veithea aibphd: dPlie Silbp@cl tdntie :ﬁfy suitable

subpad. tﬁtaw {&Bgf&‘s‘?nélﬁdegﬁlgﬁ %‘e fo, su p:]aeq%Zerg g]éoglﬁ fOéq:n sY8pads from
Rogers @grp@ranoa); @q@gggtgd t,'eit &ubpzqs ma:rppdarauﬁ psﬂymethawmsilbpads or sintered
urethané’ﬁf 9@@' Tﬁé s4bp ¢ hegﬂ m]gl SE htugrk?}ézﬁ/ comprising the polishing

bei ng
pad Sub%ﬁt'? P FI}YGP(WI ?Féfor@: m@resz@nmmsablg ang haag tower Shore hardness

value th@i g@'Poliskias g&d. F&@&ﬁﬁkn&eéﬂﬁﬂhﬁ%an Hiﬂrebéléﬁcﬁ'é %z hardness of 35 to 50, In

rfactan corr hi bi't or ant i -
some engtéu éﬁﬁé@ﬁ@ I5; er,-ﬁ;] s%@‘ﬁ%‘a@ gtaglg hg&ﬁ hkggegﬁlgpre hardness
than the whstabg pa&%mbﬂﬁpﬂ@nalt@cmmﬁises Bhio 04, BERmERONSlowW sections,

R L L e AT J—
with a subpnédwms@lly Biaterig an ovérmedjagoipBkingdsyer sindhyas a fudyefiflencterephthalate
film, coSRRANWEh Mﬁeﬁ%ent‘tﬂ 1{ i 20 o ah& ey QHB#O' | shing

endpol nt detectio ch are known
[0037) j nPekshing pads mnmla&@@ pobishing s simjesoftherinventio arg suitable for
use in pdihmngﬂﬂéﬂy&%d%%f RoPReces B g aadsAkdsr \Mfgﬁﬁ aid wgfléﬁ?éce materials. For

i,on refl ec fromgsur ace of the wor Kpr ece

exampleatﬁllg &ﬂﬂ%p‘i‘ R e%’ﬁefj to pojish werkpisges 1n5ta I&gm%étorqgerdevmes
semiconduciorzubstrates, ahdgladsaubstiates, SRS Forigidtes RatpplithiMPwith the

polishing A4S RGhGT dr WEREAEER b bReric onds SRRV et Spmigonductor

wafers, fRlbemisson dlsulass andtother mleroelecmﬁﬂe subistr&es, Rapaeidlly microelectronic

substrates c&%gné‘iﬂ% instag mne Fagﬁﬁge g7 gﬁé%ﬁ%%@e%xﬁ?%ﬂgﬁ% or low dielectric

mafe“alsg a@%@" @&@""Eﬁé@%ﬂ)jﬂm ter, CFQi?Bﬁetamahnn,dmgﬁm ablmmgnorﬁickel
titanium, PG Gi@esua] rhodfien, Redius)drithd MEBR Sty h T espect to
a wor kpi ece belng pollshed enabl es the determ nation
of the polishing end-point, i.e., the determ nation
of when to termnate the polishing process with
respect to a particular workpiece. [0036] A polishing
pad conprising the polishing pad substrate of the
i nvention can be used alone or optionally can be used
as one |layer of a nulti-layer stacked polishing pad.
For exanple, the polishing pad can be used in
conmbi nation with a subpad. The subpad can be any
suitabl e subpad. Suitable subpads include
pol yur et hane foam subpads (e.g., Poron(r) foam subpads
from Rogers Corporation), inpregnated felt subpads,
m cr opor ous pol yur et hane subpads, or sintered
ur et hane subpads. The subpad typically is softer than
t he polishing pad conprising the polishing




- 10.

11.

12.

13.

14.

15.

pad substrate of the invention and therefore is nore
conpressi bl e and has a | ower ;$hore hardness val ue
than the polishing pad. For éexanple, the subpad can
have a Shore A hardness of 35 to 50. In sone

enbodi nents, the subpadligiMsmrder, is |ess
conpressi bl e, and has a hi gher Shore hardness than

- t he cpmdicd ihenhapeal polithinggal pulttrotetcompeibing a ponops ingtesial,

grvgl? eﬁr? éhé:‘i)%ﬁglpﬁé ﬁad ﬁugitra%wv% g(ﬁtgbﬁtraﬂsmlltlyggﬁ? (ﬁf\éﬁ F{ OF more ah at
' riga%gglil&f)&aifﬁ gf b0h I‘ﬁﬁ@?ﬁ? 65(') rLa ﬁseﬁlﬁF%gthe g)SE%us material

typl |s an 1n errred |ng ayer
ashasap aire;regdnptbre szt ef 8,0 tniiatont ¢ 1 frmb:mn and exbehwailume Wf 7506 or less
and between the polishing pad and the subpad. [0037]
Pt SRl E IR 1 REeRBY 8 BnSho a SHRRHEALES tgnt
miagspijtaeas @BO%mr lpsire atcad legat, qgle wayglgsgth af w on tw@‘f 0@ pm.
antle YoKdhRigHa sﬁ%‘&ﬁfe'o@hﬁmj FOWher@hARPhRragk BSreQ@e'ﬁb'lr}ﬁlcrons to 0.7
pads can be used to polish workpieces including nmenory
SPB?ISB% devi ces, seniconductor substrates, and gl ass
s Ubs polsheg, pasuultsuhﬂe of vlaink bj whersinfthy Jqroisi matterraj; hay 4 Herisity of 0.5 g/cm’
%é!&la:ng pads include nenory or rigid di sks magnetl c
vi ces, sem conductor wafers, | d

eﬁb%gqltshmgmé Flémate ahelaigt hovherein rﬂéf'el?oé%‘tsr“éﬂﬁ?f@l has a density of 0.7 g/cm’
substrates, especially mcroelectronic substrates
cThgolishing p:hdmnbhtaettd: ofiyldimyle wherfetn the pous ina@rialdiapaivdil,
Slllcoﬁfoﬂ}} e, or lowdielectric materials) and/or
meume aPhi*y layers (e.g., copper, tantalum

tPNOSI I8 Ring Phdl KibSHATE oIS, whelrdih B poRdus B{a?éﬂaph‘z@ a void volume of 25%
rut.heni um "rhodium irididmor other noble netals). 13
CYAPMS 1. A cheni cal - mechani cal pol i shing pad
STiaspoliahiag padrptbkisate af caipol, sviserein tierposdus mavdiial éondprides a polymer

8308 ot RS iRt et ARG Yoy ot
3I®lpoghanes, thermoplestéy podyalefing, pﬂmarbmteamowmy&ﬁd@céxomnﬂons,
mt@&r@mm@ cRfbRest BelysthyBnddlpdll e MMdrdethylendl CroN

b lelerraith e palyimies é?lﬁaﬁ%deﬁeﬁm%' : Sﬂa'f ohét]

s;ntol;.sﬂetﬂtlmetha&yhtels; @pblymesrtherco f, ambmixdireSheteof. nore at

péﬂ PR ERR ARy wBP g byl A i lhorinogille

ore sizeis 0.1 mcrons to 0.7 mcrons. 4.
ﬁ'h@ pBHéerﬁé’}bdﬁ%umteSde&hhélt WhereirCtha boiods m¥eAAIRohpiides a three-
or ous ter denS|ty of 0.5 g/cnB or
f’EgFlé’rna etalﬁ‘?%d @Ki ng . pad substrate of claim 4,
Vithe pellsmxtgjmdpsubmmte afutaan ilaivhbram the skédatate 1s agfoliShivig gad.nB

' t
The bR MR CRUAT, BbBnitho ALY = REAEE Dol Window.
'Pheheprnd:alsﬂmohgnm@ohahhgtapmretu&f:ombmmm 6, wherein the
r|a has a void volume of 25% or |ess. 8.

t
é?ﬁ&lafqgh‘i ﬁbm A8 substrate of -claim 1, wherein the

po«b@u%om,m@pﬂ af@npri ses a pol yrrer resin sel ected
fromthe group consisting of th ml astic el astomers,

{ 1) preTisRdHoIgsc YerkBieeda e pol k¥ Paagting the rotating
ﬁ%&gﬁgﬁé bR wiRPdiY AR BAGAI S BRIpYNE N FA1ERIR pad substrate of

: claim 1.

The chemical-mechanical polishing apparatus of claim 13, further comprising an in
situ polishing endpoint detection system

A method of polishing a workpiece comprising:




el astoneri c rubbers, eléstoneric pol yet hyl enes,

pol yt etrafl uoroet hyl ene; pol yet hyl enet er apht hal at e,

pol yi m des, pol yaram des, pol yaryl enes, pol ystyrenes,
wiePloysfRi7hot met hacryl ates, copol ymers thereof, apgrapao03/004476

m xtures thereof. 9. The poljgshing pad substrate of

claim8, wherein the polyner resin is a thernoplastic

polyurethane 10. The polishing pad substrate of claim
ereilp the rous jmaterial conprises a three-
ETO(YFfﬁ{‘gﬁB?%%‘W"&e network. 11. The polishing pad
Sut(ﬁ} Eéﬁtsctmfg aq}v&kﬁﬂeée witi eEepdlishhig pabbsidr ate is a

pol ishing pad The pollshlng pad_ substrate_of

cl éphmwnm}ahﬁhmﬁ dad gelatvedpdhg \370%@5'@? taphrade the avorkpiece and
3
ap Bg?r%%gglggﬁls\? Yar me%zél,( Vggf&gmalﬁ anl?sh %&d%%‘@gses the Pgsxshmg

a ggwgﬂmﬁm&dﬁmmnﬁmd (c) a carrier that holds a
workpi ece to be polished by contacting the rotating

pol i shing pad, wherein the polishing pad conprises the
pol i shing pad substrate of <claiml. 14. The

chem cal - mrechani cal pol.i shing apparatus of claim13,
further conprising an i'n -situ polishing endpoint
detection system 15. A nethod of polishing a workpiece
conpri sing: WO 2004/ 037490 PCT/1B2003/004476 14 (a)
provi ding a polishing pad, (b) contacting a workpi ece
with the polishing pad, and (c) noving the polishing
pad relative to the workpi ece to abrade the workpi ece
and thereby polish the workpiece, wherein the
pol i shing pad conprises the polishing pad substrate
of claiml.




