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WO 0@a2374%hi s i nvention pertains to a poli shi ngp@EDB2003/004476
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detection nethods. BACKGROUND OF THE | NVENTI ON [ 0002]
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formation of VBAcm@R@UR@@MmmEm@d)thlve renmoval
or _pat.t rn| ] t hose | aye
0021 et gmedin et poliShing CORMP oS o ein Bquanfpguring of

m1croelesmxrrﬁcadﬁ/1c€s ta foraeflatcorfakes oh Bgmivshdictatveaft, field @mission displays, and

many otlﬁé?ml&8&g&?gn% sﬁ%{rgt’res lﬂ}e gl%lﬁ g&qﬁ Iﬁa%}ll?acﬁlrg ?P se &lggd%ct’or devices

i nsu ayers,
generally lay@lrvss the (ﬁ@fﬁw@pn@é VArEpE rpsocessridwra;ﬁelegtlmf rempvall orgratterning of

portions Qf Rese laférg and Idte?bs?tl e?ﬁdﬂtﬁiﬁ??fe@@s Fayels &t ﬁierk]yrface ofa

teps a t'he wa pr.ocess t hat ernost surtace
semiconpelipg ibspaigde dym %mlgowctsr wakar, The Brocesm lgyers gagyinglpde, by way
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[0003] dqmwlealmrp%&sp Qlv e ly&oﬁa@d up§i€e 8@&{1 bﬁ% B {ECMP tool.
er are .rotated above th e rotatlng hi n ad .on

A force r%lu\lglée qna%q and t %W?gﬁ pﬂ@n\f/gﬁt%warg awlysglﬁg ,}ggd %he carrier and the

wafer armm}mlsatiowé) fhe(ra{aﬁﬁg pelfi@ﬁrrgeghdtdn ths CMHJQJOI §ipoNhirsd tabkeY A polishing
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layer(s) ag B abrapive Haterfah dhat elaysncyﬂlv EFBRANSS PRIBions ohtheddyer(se The wafer and

the pohs}hﬁ‘g’ gid &ah. be-EB%téfﬁEQlﬁe @Hﬂ: difeBforP&Y ih DBpHiGte Qﬁx‘éct‘i‘tﬁﬁ Whichever is
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ted . ane
desirable oy B prigidler R4S b pE T - T caiT ﬁ’éPtCP%frCéHate across
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such as g, PitaectShhefcng ol SfoesnF P B BEe bbS. Pt 5 Hfisaig0 piayides a pad
having a transpargniaywdd wrfesmahfitomiarsd iadyainéfioem Ipbmrmhhch hxendm@insic ability

to absorbs%z %g%sg)%gﬁg{&a? f‘%%u pgtteﬁt% %353 f65 1S&i|§ch?s%§ a @sh%;%éa%cxﬁhé%&n a portion of

evi Cces.
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5,893,794 &1d %964 64918188 tefhovinBia RFBnRA TR hinBLE B f189idB9n aperture and
intrinsic aﬁl lity ?g gbggrbrbr tran§B sI%?r§ %? urean
Pat ent 5,433, 651 di scloses a polishing pad wherein a
portion of




the pad has been renpved to provide an aperture
t hrough which Iight can pass. U S. Patents 5,893, 796
W@ 45313680, 643 di scl ose renoving a portion of BCT/IB2003/004476

pol i shing pad to provide ar® aperture and WO
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a transparent Wi ndow, or, re V|n ortian of t
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i nvention further provides a chem cal - nechani cal
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that rotates, (b) a polishing pad




conprising the polishing pad substrate of the

invention, and (c) a carrier that holds a workpiece to
wbeomgoBisehed by contacting the rotating poli shPemyigeacs/ 004476

The nmet hod of polishing conprises the steps of (i)

providing a polishing pad conprising the polishing pad

substrate of the invention,-(ii) contacting a

wor kpi ece with the po i shin .pad, and. (iii) moving the
workpiecg i P‘é‘ﬁﬁi% Hhegeprkpigreandyherely plish\eS ok r%%mgo

PCT/ | B2003/ CEHI@TG)ESCMD)NE@EI&IEMH\IG% wor kpi ece
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[0009] i rRhsrinyamiion és ¢irqeisdited chemisalmeshanioel P@@hﬁl&pégﬁubstrate comprising a

porous mRfRkaE WH%EbnE’ﬁﬁl poUbtsihg pAEsubORRE had itgea@t a P&tady &egi@é &ff tralsparency.
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some emf)ocﬁm%ﬁtlsl t%g :ng h?%d a%i%?%;lfa% & nsf‘s?srbfbfr c%ﬂs@t@'éksregtl%}y of, the porous

e en
material. pTilq Isjhshlglgtp@@ s@@@aﬁegomgﬁ@ﬁgm@mpy of thg po§ pad that is at least 0.5

cm (egengt {epPp. the polishi ng pad substrate consi sts of,
onsi st's essentially ?@é pus  mat erial. .The

(0010]  pGTtegiorers TR b dteniiog 'g hag pifierage Popsize of 0.01
microns @0l infdb IPfRaGablahe hvierdple ﬂo&ﬁﬁte 19.0005 @ftBor(seo 9.9, mixkons (e.g., 0.1

microns (93F¥ bR EH p U RS sy ee e S S0 i yricg by, i betieved tha

pore sizef gfzhter tHanrlangrérowill statteroncidét eddeatadnl while peresizgrleggéhan 1 micron
will scatterol gs 1§E1ﬁ§nt]r dlgtu% om)v‘fﬁ ?Wt?ﬁ Qheqlng]dgﬁt‘}E&at(l& &-all, Qrei]eby é)rowdlng

e not Ing to bé boun
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[0011] S! ﬂ%ﬁ)o%@sé}ﬁﬁénilnﬁﬂle]po‘ﬁhlﬁhg Eiad’\'sdﬂstrﬁt‘é abd £hi gh[},&hlﬂﬁﬂﬁl d1 stribution of

radlatlon whil e I ze | ess m cro,
pore size bt csi 169 IRIGPHEHE% G Gt S50 G TPrentat S04 Bt igpe) of the
pores (e.&. h&alls)’lﬁll tte péroughatriabitavata Iﬁwlré slzé ﬂheﬁﬁhyombﬁw fliwngor letsge.g., £0.3

pum or Ie¥r Ui (E%P%hgraess O%ioﬁleartf%eor e ég ? a%Ogecgr rﬁ(?re octr 85% or more)

of the popEslin tHei pogoysaniatenid) diaveaa p,omaszeawthng ﬁlSymau of fess (g, 0.3 pm or less, or
0.2 um oféie%g)rdf k?l:fé 5@%%0@@&9 P}lzf_’e%l)g I90% or &kl (e. g' 9@‘%)or gmore, or 95% or

or nore % or nor OOF

more) of ﬁlmmreso(fe g ,H:@Hs)pg ,t]gspc{r@lsgnéte@@mag? a PATESHE d@gp@g}yn of £0.5 pm or
less (c.. NBd. & Lindbr REY 6r £0.PAhEoses§ di stribution of 0.5 mor

00121 o igieefsPin poreatienpb B RS RPhrf B han B arpdgprinanty
closed chIIB (166 pdilés)mtﬁvqs’ef s ponousheatpdal@as akaicempebe dpgpnechs. plreferably, the

porous méi eﬁlabgﬂwnﬁeg gt l)easé M 8¢ or%?osre? %gat’ lezgst §od}“ 09 (%5 cfﬁoseﬁ cells. More

‘he "aveé
preferabl§0t¥%e poroms meatdral gompmgs/@b]paqfﬁ %, orgporg 56/@9 |at leags p@Yo ijmore or at

least70%glem8&r)%ﬁ)sé(?céils cells) in the porous material have a
stze distribution of 0.5 m or

[0013] nghedsogousaflatené hthsrpolighiag pag Mg?te??‘b?'%‘éﬂ Y, Suttﬂg dentity or void
volume. PSpHRIA8y,TE Bétoas maferialitaspalensibi 6RD. P@dnt Wogtdas €e.g., 0.3 g/om’ or

e, SR TR Wbap 3G 5FbS b BRETE). 07 e o

greater, areh s 0. 9Fg'/eaﬁ3e<m@b@ter)t Tike ve@d volrsnentarpierllyals 98 lesse(s. gat75% or less,
6 % 9 £
oo SRRl Cll SR Bl
at | east 30%or nore (e.g., at |east 50% or nore, or
at



| east 70% or nore) closed cells. [0013] The porous
materi al of the polishing pad substrate can have any

WG 2nosakl4eo density or void volume. Typically, BEBIB2003/004476
porous material has a densi4y of 0.2 g/cnB or greater
(e.g., 0.3 g/cnB or greater, or even 0.4 g/cn8 or
greater) preferably a density of 0.5 g/an or greater

t / cnB
Typlcallygtgg gt)@m; maﬁq%@?g% adce\} r ea e IS gél s?%l}g?%r :1 ro(:e:. g|.,el§g cells/cm’ or
greater). (The@ell daEyas déterdsined oy am\l/ﬁmgié)éfossr-sdcasm)l impgeefeey.alnl JEM image)
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and hnag@?q@i@bmmag}ng Soétw doth braMediadlyblemsties, oeClentkxngistop®vifnaging
software Q?@l&ﬁ’é}é ’Péc‘ﬁﬂ@logfes greater (e.g., 106 cells/cnB or

eater) density is determ ned by anal yzi ng
[0014] 3 Theporaus apaterapl f thel?&b‘éhl{‘%})ﬁi subgtﬁatsm FOrRRIESF anypulipble material

and typicRI0¥ €dihiprigat € bl%‘mét\ﬂréslfh ath PROS Iﬁﬁtélhé/lﬁiréfefa@f)t YéMigtises a polymer resin

selected f?(?mgléanh?]? ?cﬁfs 1Bg Hg E%ﬁllgn?%m=r%3 ngstlc podlyurethanes

polyolefi®y pelynabbuses, poly@rgmooh\ﬂssmydm(sr plastoagtin gubbeost stweane fdofymers,

polyaromglmﬁofggﬁérﬂ%ry %Bf;ﬁml(ieg QIAL-1iLRE ?&gg ghrz]iH?st %Hs?%rxgéd ﬂcﬂﬁoleﬁns,

at€ can co
polyetherﬁmceyqsmrs patyacyiptiscelpstymenmpelyelaxlenesppolyrtiatlperorthyleree

po1yethy1eﬁétau§htﬁﬁh§gf?n& inbaed, 95@94%& 1y§§en@s E@iyﬁ@?ﬁlfngg teISICn

polmethalr%eb%ﬁ%e@s @ﬁ@mgﬁr ?é@u'rrg?%@ﬁegf aﬁémaf yyreseng glends

thereof. mfefbﬂﬂy hh@pbl@fner minﬁwtﬂeyﬂna;blmhmossyurét}ihms el astoneric
er

[0015] £ 1108 /PS ? Srné ypbcgﬁ ngrrgibm&fdgg%far oﬂr%téllacﬁdwever, the polymer resin
also can ipdbymedinisatnescordingss any sikiablepodtira, efanysf wipdil arekhews in the art

(see, for S@{/ er Q@iaﬁ oeftP%EﬂuE)eg*x%%% %%'P‘f‘esg% &:Y%\zﬂ( e@g§ ' Chapter 3).

tetra uoroe [ ene neteraph
For exampkﬂ, erperlasticialypaetaaetas be fopmped iy F’é‘h xreaﬁwry@féw@ﬁ%

prepolymef| é‘tﬂiﬁta@ Yéo@?ﬁﬂh&c H}As@é}%ﬁate Cﬁﬂ%}’lgﬁfyﬁnaﬂé‘? rs with a prepolymer
yners thereof and bl ends

contammg,lagfs&cgﬂﬂaV re?ﬂge%ql% %u}t@ﬁ? WOF%&HPW& FWF gg)[let@s mc?uc{e amines and
polyols. polyurethane [0015] The polymer resin typically is a

[0016] Ph%e sglege cﬁqhg %nggmgxe 1$'esfﬂ W1H%V\§gndr in n]ng{}f oR%é’ Irﬁ%loggéf fhe polymer

al'so"cah
resin. Rheeloppd, thqﬂnyl whav‘m efn mlenkrrmm For Nﬂetoaxan ﬂllé@e the viigspsity is a

constant (E)e’fﬁ@@ b thea%MS IB@trweén HRndbaQk QG B O{a‘ﬁgérﬁfah SHE&S, c? £8Che shear rate

Chapter 3 or exa

New g,
(i.e., velogify gradisnty f/.d&) &B}Wﬁét PrAHO8- M%Woeenffbv%éhqahw& thepkﬁymg (dilatent)
or shear r&@Kihhidg (pg‘eudds-‘pta@a@%apds&ﬁpl MIEBES rat® lﬂl@lhnﬂg ch&® cma RREGsity

s SRR e A PSSR0 BRI Mo

melt fabriSatidrafelge, dxtrasipanajeetisremotding praxesses.eb orded todéenaufy the eritical

region of @ﬂ]equ rzRg }?{ﬁ%{ g%, tgé)%]egio'g;/”a?ﬂ%%%l gﬁlge%r?&lﬁ)%mh%}%e%% e%ﬁ?{gled The rheology

can be deps:@mwérby araapillary Rh}euqu.w which the mqlmpbéhmnr@ﬂm tsfforged under a

fixed preﬁ@xle}{ﬂﬁ)‘h |c§1 111513r fuﬁi%%la@'ﬂenf b E’y‘z’ploﬁn%]t}{é 8594t ¥hda® rdle versus
tan defi ne ar stress

viscosity eq 1 eren{ tgﬁ)@gmtqrgq t%q r,egglgrrl Gk o aeq vgﬁgg}y q,nélttgmperature can be
determme(dl The, RheeldgngwcegmﬁgJ Liflek (Rldlylisdzi paratriewe et ideh®fies the critical range

or the pof§IE RS, etPtin i, S e bish i ok 4R R misktagfe g viscosity

after a charigean tengiegattitei agnaltg 20%S €3 ,a fixed shemcatsi Whendbe pelgsesresin is

thermopldtip Bol UEARRE, MO RFTRRIB B2 0K 4.0 & B PRF sk bt sheer

(e.g., extrusion, injection nolding) processes. In
order to identify the critica



region of shear rate thinning, the rheol ogy of the
pol ynmer resins nust be determ ned. The rheology can
wheoodesapori ned by a capillary techni que in whiBOT/AB2803/004476

nolten polynmer resin is forted under a fixed pressure
through a capillary of a particular |ength. By
plotting the apparent shear rate versus viscosity at
di fferent tenperatures, the relationship between the

rate of 150 lscandiattympergiure b Cur e can be determned. The

[0017] Rh@@tltp@poﬁm&%%bﬁg/ ﬁl@&éﬁ?én{e‘fﬂ:’is)thé Melt m@waimqmm #hich records

tifies the critic mer. resi
the amouphGFppler oty (i fhal RENTPARL ol AATd e Bndgmperatue
and presstu@é‘r@\eif atfixeé amouhthsf timhes das iekymplaf when the phbmype résm is thermoplastlc

at
psnet GRE S ELal pheABfs MR8 ARSRL it on .o
polyuretiRRe fluprifebasiof yopcdymeltswrlacpqlwgthaneaslloesal@)sqm@ﬁtqéacamﬂmr) the

MFI pref@ltag%' $heak 1e\é\9§e2§30f'd OB3IE49 gv&qmlﬁa@@a( Q%ﬁ%@atm% ofal €°(ind a load

/s and enper at ure of 0
of 2160 g0}tk evROLIBEi TN M URTRFHC R@Y‘ﬂ%‘gﬂ %4 POlip \E\F FRRRlymer (e-g:, a
copolyméNompridthigGii dtl@@é}fedﬁoleﬁh suchmeidstonferivndrinermpladtlyytare-fropylene,

cene A by 3L obEn 140 4L AR o BB, L GIYs BBl gom
metallocﬁmrbaee(hmtﬂlﬁts wh e potyipeopytang styreneampol yirer), H@rMBbp@&ralziy is 5 or less

(e.g., 4 of Persé%rvg u%s glté/ﬂfé& UfeL H0RO Fﬁ(c[r? [oa(l%f 91 When the polymer

car ona | con copo ur et hane
resin is afnqurm@wa@@datédbe IMirkereferably ig 8;96 sreieg. héﬁ’é 1655) over 10 minutes at

atemper§thfe°6‘@ﬁ99(§ﬁﬁdTE[HaﬁQ)fQ@kaner) the MZ' preferably is
| ess es a

50 :
00181 cRsPsRi e Bhe pabERs LT SRaeh G DB LT el ydispersity
index (PPD| he@Egree st longShain tehehingrecrass-hiaking] gﬁssrtramsumn temperature (Ty),
and meltg?rﬂéqorgtﬁfgzl (2" mggg@: %)ngyrn*é% Festh.’ he ﬁ%@%ﬁ%ﬂ& re§ifl %Fﬁﬁ(ﬂﬁ’as‘a@

as e rT< or no
polyuretietb pr polgurstiopy beprdymerishiheasghheopehanere desgribebaknyep Hee weight

average @Qgcﬁlglew&ghf%\/lz %ﬁ%‘hg@@@o@ g%l(glytl‘) 806, 09@ BRLNTBrefd¥®sI$ 70,000

catalysts, or
g/mol to 350,000 efpyaletidh 3PP hd 18 PoPFRER)Y 2(Ré- Nppicalisrtes thsmyoplastic
polyuretl'la%e Pafh 1a§§t$ans(t%n§temp€raﬁlﬁ“e bmf t@\l {3(D°Cl£hcm melt @snsitiomtemperature

or 120G B S e AA05rt 3. L8 00 210, 8 VPR ol copotme

(such as [Heclopolgtieys describedrabbessthe eveight aterage telbsylaoweightlM.) typically is

50,000 g/dm'ﬁ% gﬁ%?borﬁ)%ol LA Wf o@%/%i‘o% ?619'0(% %%‘i’ With Ziﬁi’ of 1110 12,

61 0gy’ 0 I'n can depend
preferablyr? toH®. Whectht aelywmsr gésin is Mlo}ﬂ(ﬂr »p rc@rbpyate,u thelweighppyerage

moleculelrl'\keeléiﬁ ngﬂﬁcahz RI5EH60 Hnfdl %H‘Pﬂj 09 §fno? 'b?e?§rablyn10 0@ g/mol to

nmper at ure

19) .
100 OOO%WeWQ]B @uP(PI(Ofl 1 t)0 5®Prelf?¥é %8l 9ﬁer r eS| n V\hen t he
[0019] p@ﬂé@ﬂyﬁ&&*eﬁnls&e&tﬁ@ ferapd perbucmpetiyiprefehabbhehay certain mechanical

propertu{ge?é]l;J %)%tgg) ggggeg%?l ]}/ﬂexmﬁé]iseglﬁ?s S‘ %tg}ch%lasc%lﬁtﬂoéyuu%tﬁane the Fl?xural
Modulus( (8TM @799ppleﬁ:|r:hb}y wag(ﬂfﬁ@Loopqpse@@ 100DMPartol 50, ooo ps1) the

average 9 00{1%{{95? bYlét}Qs 991? les$) IFEDAVER% e b2 %bﬁlgrq)d 8/33%» gré’éfg]ér arfdl theShore D

ypi cally,
hardneSSt(HérTMPIZaé@@é) 15[&6“98%@ BaP@th¥Y. a glass transition

[0020] ! e’f‘i?@;?(ﬁszfng p‘ﬂﬁ seiffratethad 2 UishAmshsAittmlct of I@%Sﬂrfnﬁdw (e.g., 20% or

ature” of 120C to 2 r re
more) aio Gt o8 45t BiFEHN & [t RO 3 A orer THEes fbﬁg?fous
material had/g li gﬁ&rabhﬁltﬁﬁmm Sr dleﬁs:(taghel@‘yaMeI)e ot dren\velgbrt more) at at

o RERIGTRAES Bt o P of i BHRL 2L b, A, o 200

300 000 g/mol, with a PDI of 1.1 to 12, preferably 2
to 10. When the polynmer resin is nylon or

pol ycar bonate, the weight average nol ecul ar wei ght
(Mv) typically is 50,000 g/npol to 150,000 g/ nol,
preferably 70,000 g/nol to



100,000 g/mol, wth a PDI of 1.1 to 5, preferably 2 to
4. [0019] The polyner resin selected for the porous
waortoansabo pref erably has certai n mechani cal PCT/IB2003/004476

properties. For exanple, when the polymer resinis a

t her nopl astic pol yurethane, the Flexural Mdul us

(ASTM D790) preferably is 350 MPa (-50,000 psi) to

MPa 150, 000 psi e average o .

to 1,000 @@n@fr §8 .2@9 npty 808 or Pi}gét traTRBIIATER %@e Deligtiagpafl Jubstrate is
at least i diet&hﬁﬁédad conft@1lingerefetic dPthd'\;&frdlﬁbaﬁSteﬁﬂS‘s'EMcted from the group

DR T

[0021] 10P/1ileqrohﬂhung pédsupstrat2 0¢sherinventie pffars imprdved sonsistency of the light
transmltt%@c\éeolvgpgn% 'Hfétﬂ?]é gfethé g&gsﬁlr%%a%gﬁgﬁfyté Ol"lﬁéfeggge Bes from the fact that

the porestarg pesasnt @}gg@@ogf thg @l%:]gresmf the P@hsdung BF@%JBQ%T% r Bhusgphen the
surface 1&%?% reREV QT duFR; @ollﬁ‘ﬁlnythe Llﬁﬁ ueffRy éﬁ@\é@{eﬁﬂﬁﬁhb shifadeRve

range of 200 nn1to mto. 10
substantighby 518}1 labpRyosiky ARE rQB E‘T‘%} sg?é ﬂln}%ar Qg)?l[s@lng
propertlel a@@ﬁ glitltfﬁhsmi’ttaﬁwroﬁ&ﬁemm thé) toPpGUrfacy laye'Eh én hddjtion, the transmissivity

of the po %lggg pziw.d:1 "Z’S\tﬂ e ?f e(}t%;{lf%{agg écl)v%grl tish t?x ?ﬁy&%{eh% %uh(?ut é)%}es because of
the roughriess, pod suthe patcentagd clepieot 1@]1'( ‘p‘¢a®tnnn$1 éuq;ﬁomy change resulting from

abrasion %?gt% g%?[ﬁo}lﬁﬂ%?éd %Q&ﬂg Mun?{é)bals‘ﬁfﬂf]%rﬁso fesgondd. aDe R, Wiso light

I ons thereof The pqlis 0
transmittgnas<af the Rolishing pad s¥RAEALC; d@ﬁreé%eﬁ by dess ﬁ‘ﬁP&@éﬂ(%%g@g%g%‘h L§7e, or

even lessocflaﬁ 5‘%) bigthhe hfeﬁﬁi&%fﬂtﬁel}ﬁﬂﬁﬁmg‘p@d sib3erate] fIBEMmlfaﬂéest faken together,
S o

it e R R 5 e R b SR Sver o

lifetime éfhthe bdslmmgqfadtshl@stmcd iRohniergmplacthe obisststadcy in liphtsransitance of the
pollshlngs}&agi Sélgé“{lrraft ag h<L: %‘Xf%fl ibrScdn Q%Dc\()ﬁ‘g)apeldrt{p Q901 Io'r ﬁgérﬁgsolﬁihﬁolyurethane

a ers e neat ace
window efiths pant sl lefom pnhshmgpmhdsqawar%m@eww@%ﬁ%h@e caneistenf pyrface

propertlelgai){cﬁve%gp %hﬂﬁ% ?ﬁks%%g&h@\wlllﬁfo“p@cbﬁﬁé BiSkaddar zﬁ’ﬂ%ﬁa‘t&ﬁd aRfng rise to

trans tance roper s tothe to %
1ncon51st|egty5@ffacq ROBRIHEY l’]gﬁzre e ?%di’glﬂt ggtlegt]lqrysystgpl T e constantly
adjusted ﬂﬂe‘sﬁ&ﬁs@ (7)) &@H néwﬁﬁttérﬁt&’ stratches tamezrrﬁgsddrmgthtslhmg Coatrastingly,

res because ,of r
the pohsglﬁa pgga tﬁ&atﬁ é)lf %ﬁpgﬂj&log %5%18% wit all“lro%l}eng ace Iﬂ'ﬁ% ?ééx‘?aﬁﬁs
substantiably amchangmidyeing ead kftemedprésiconduraigpat stong s).fchttha the endpoint detection

settings ?a%lrélﬁglnggb%eﬁglaﬁg kﬁﬁ&ﬂaﬂ%ﬁd %'t@lf@f?llnle %E‘ﬂfggyo!éhl é g?d substrate

transm ttance
[0022] poTh%MﬁW%QﬁP%@MQtthmCélshél@rp@éﬂé@ﬂl%ﬂ q éb,%lnf’ﬁl&wnmohave a

s1gmﬁcaﬁteefﬁct ot ﬁl% ohﬂﬁﬁ‘g };'IQ)I{@I‘tleg F&V&&nbfbéstﬁl Jotk’rﬁbfba% the\Rkestdi€capable of
supstrate

hi n a
sbsorbing pa gé%spmftgxz@ﬁﬁfla@%f A Thli e RS G re g R e folshing
propertids igat @ﬁ&ﬁoﬁe&nﬁﬂhrus thd lematnigp@fiotshe thepidishing padt dcsorn

embodmé%%ssﬁl,e eFtS)Ft oafln%?e %an@%gsﬁveybglsggg Rgﬁl Elﬁ)%tr?@q% §ufﬁc1ent to make
the pohshmg Ipad'smlisa’atcelsdhl ampolpbimg§hrfm@p wilapug ﬂt@sneﬁ@tf@ acﬁeCQlﬁb opaque

or nearly solid,
oo OB GAIPEL A gt o,
[0023] poT spilishingped pebspatedihe inseionionteRAlYHEVBeToRwrisesehdye, which
enables th¥ Elﬁlﬁﬁﬁte 6 AB’VelyaPansMAVIBHEbE a ﬁdﬁlbtﬂ@t \K’Q&}dlé:h@t}ﬂg t’ﬂh% dye acts to

ow becopes, ab crat
fiter o adeHEH S AT PLEET 2? spg? naaan Epd IR igpVe e signa to
noise rat@éfittestionleTiecpalshingypad embstnatetcah eompnsﬁ zmytsluytabladw ot mdy

comprlseI $ F%rglilgo Eofne%fgdglgg ??@hagﬁevﬁ}%%or{cﬁf gt Iyt {(ﬁlﬁé ﬁyﬁzdf—ﬂﬁ tri- ar%lmethme

pad substrate of the invention beglns with a roughened
surface that remains substantially unchanged during
and after abrasion during polishing such that the
endpoi nt detection settings can remain substantially
unchanged over the lifetinme of the polishing pad
substrate.



[0022] The presence of pores in the polishing pad
substrate of the invention can have a significant
we@bdoeos740m t he polishing properties. For exanpP@r/1B2003/004476
sonme cases, the pores are capable of absorbing and
transporting polishing slurry. Thus, the transm ssive
reglon can have polishing properties that are nore

S AR N IR RN P Rp—
dyes, azd dyﬁssmth&qmaommd}fes heuifgr ¢eed, sudithe ikt eDesrablyf fhiedramsission spectrum
of the dfga#ﬁcl}]eg e 09&1 §Witjﬂgh gve?«'—:{ﬁﬁe 59ﬁ§1& ld?cﬁj #k 1nas?tuaengpomt detection. For

SUT ace MA or a seco

exampleowb@fu@e hﬁb? sougse fox the gadpeenti dstrchien (FRD )t sysiem is aFkde laser, which
producesemlb}eqigne hmﬁga wRQéleddth 89544 023 nn] hEe 8] réfékdlﬂly Radked dye.

|nve tion o Ilona I furt
[0024] coﬁl&? @@Emg Pa{ §U0S{HA thee‘ﬁ& tog %é § ‘fsé“& gy suitable
techniqus . ah&ot dfwehiyh tufeadnSWhﬁn thegilﬂﬂ; Fofr eﬁalﬁ[abtthé pbl@dhmg pad substrate can be
il t.er out undesire

producec%ﬁxlgl A h [%?ce gtﬂ seé géltpsroc%eg%lggra O}Hﬁlae nvaﬁ{o)n pIDeess, ﬂﬂ%a spinodal

or blmociatrmme)omhen smgnsl. ot (8) a puissywized ghoingEktidepreesson. The

[0025] po’i’l‘lec‘ltﬂ'uwl ;ﬂ'@ges§ HR/%NG@&@ cﬁﬁ%nﬁﬁgp?blgﬁ]eﬁf%m%’ftﬁ g@é&rﬁﬁﬁ:al gas to

mpri se I natiron. o

produce p ﬁ@glfd@aﬁ%wmqﬂnﬁébhﬁp@@nn&n pojishing rplad AWBfrAtEto |ﬂi*f’emmt10n from the
single- p&@%&%&flmmﬁh&&@%kw rf%' ofihé}lyﬁ eﬂfe&n@ﬁéécﬁ%kﬁﬁbove A

supercrit a51 Irgagth esu 1 az%s ele t S %Xlre (eg {OLbr alto 300°C)
tf%% ﬁ ?‘}6 §TPgas gyee;

and presamt (. aqd l\ﬂmr(ew@/ps) tosddl Mita (50609 psﬁhmfﬁhentl to kkeeate a supercritical state

in whichft’ﬁe%s %%abkéhXVesthﬂg a u?c{‘(’"i@' %%h?%cﬁt@&?h gSg:ﬁ f}ﬂi $a‘ly§n bea,

verla € wave
hydrocarpen, qhiprgﬂwombrpxa mroellelor@éhpmarbpo Ke.g. eﬁram)l @trom naltbhe dioxide,

carbon nldn8kide S&Lbr&%tfn%loh Ii’l?er&ffd Wéf&tabﬂleﬁl%cgtak i%na I(O%P@Qmﬁlﬁﬁk%% for

s a HeNe aser, TO uces vi haV|n

example 3 gz {haf é?FgftI}?t wnt%aéP Hdm@% Hhg singler pﬁeﬁé SBP@P’é Péﬁ}ewohgn%{ resin and
the supercgitlclp@s t){pﬁﬁﬁ'ﬁls prégargdby blehdigg mackuperofiticAiges @ithnfdten polymer

resin in atxélg(ﬁﬁt | e, ﬁﬁh@sgﬁr Q #%.re]s%g#l‘sglnﬁﬁw}ll bﬁ li'refﬁ% cillrntto a IIl‘rg)lld where the gas
expands &xfonol aepord: kteucphuot wsthingh watbreutysif patessizeamitios thepmoltercgdymer resin.
The con&ﬁ%&t"f‘anl cﬁ' Vtga?gl&)lg#]cn'ﬁ?% §§n th ggi"e @% n%gh i tg?ﬁ%ﬁ%)sgf% 1% to 5%
(e.8., 0.1¢etwottpbaf the tgﬁalgpﬁ@q%@f th@;;mg h@sqﬂoég@@r iThesg aygsdditional process
features érgld‘éé‘cgi#gﬂl 1@%18&215%&(%?1[ %qu @rlléégﬁ gnsasdilo. ;H'hggxrﬁglf)célwﬁil dM®ieture is

i ni y [ u [
formed b&d—)rea&ns diegmadyranyF instpyux l%gﬁemggq@éﬂ%a 9 leow %Vgrgaaldly
changmgwhb Itﬁiipdﬁ@u&a{ﬂd&u bfﬁsﬁﬁé)&uﬁﬁmérﬁ@o pm‘d&(ﬁﬁ grodterf tihalmét)jrhﬁmleatlon sites per

Ll on e.a

cm?® of thF ﬁg]%k) 811 pﬂg? g?tZogll slri:t S %rg e mgeé ap \gﬁ éhe ssogve(é ?c%l?s cﬁltﬁ)e
supercntgalsgassfogm nlastatseftbry ywhealithe ctlisng tle praisust atanalegrew afléd number of

nucleaﬂo?esggg fs%tslgrggte& %P’ gss'unﬁl%%@le ?ng.%lg%)r ofggl? e)aﬁééﬁgjf% &s éﬁ)r&clmately equal

to the numbéw@eas &J}s@d eri theipolymes magterial ﬁymﬁalbh th q@e@wm@ﬁwwablhty is
induced atith&€exdt M tHé thofd erdie Ml&l‘ﬂ%ﬁfaﬁ{é thé ﬁﬁ%lefﬂh'dée%ohﬁgﬁ) ThéPBrous

material b B EY BPTUBY S0 G doA ol ion Hy Aok atss tep Sage including

extrusiorciatddpolgimexsheet, co-estiimion afrnolxilayer sheetsainfpotitn malding) compression
moldmg,fﬂi&fv%’cﬁm ngrqu% %Prhy Hft{‘aeyg%r%vdnsf%ﬁ egi?ﬁﬁmg@%%g&lgﬁg and

laminatioph Preferaylye ﬂgﬂmélehlgg pad swhstrate (e5e theaqioyensrmatealhisdonned by
extrusiorl &%nj%en@&{ bididge aﬂ'he e §1¥epbf:tﬁla gbfro'u§ nﬁfe?ﬁﬁfs%g leg?t in part controlled by
bl'endi ng the super |t|ca with nolten poly ngr

resin in a nachine barrel The si ngl e- phase sol ution

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 volunme of the
si ngl e-phase sol ution. These and additional process
wé eauws®rg0 are described in further detail in UpSI/IB2003/004476
Patent 6, 284,810. The microtellular structure is
formed by creating a thernodynam c instability in the
single phase solution (e.g:, by rapidly changlng t he
nperature and/ or pressu nt to

suffici
the temp@rla@é@ SFeSEWRANIRPNERTtRE AR P{)tﬁe gmeé%ntﬂzélfgascmgl %m 1ﬂeg10ns thereof.
[0026] SOThd 900@31 1N:I©‘ds§ atvobms gietpespasdtidontolfia tisict-dimatsiondal mhtat érade network

(e.g., sﬂoe(la{léﬁ W eq?) ?%vﬁ‘%% estréﬂ{l]abﬁe DQre & 3iE esﬁft%éet Argz?lang 98re s(i){e"ﬁlitnbutlon

Such thregr dimensitieal metvixeks Gf., solgsla zan bﬂp@pm@d W@g@mlnﬁt@mwds many
of whwh%?eskﬁ%wrlgm tH?Ertt Rt %fho { in@Hab @ﬁgleos@epsqetge S*ohe- pot”) methods and

pr oxi mat e equa e numnber ~of formed {
two-step tﬂt?éhqul yHene wather aa‘IhIUtW)?BF?%‘F slutipmef §iHed (Fndivesilicate) is

prepared'ﬁ}ﬁé}ﬁﬁiohtﬂodsiﬁy %drﬂéﬁb‘égdncﬁi appopeate HthndtshE _f_ﬁﬁdeﬂtrﬁtiorﬁoﬁdltlons
ins the,si e- phas e
to form diey Eorsperednepts T o B VERT IRETSE HYPLD e e oD PSR Blhoxide

precursoh‘)(e ZNMER ) abhaeindd hnSigag "JIIanI oda ngmbmationuthieof,iand & ia an alkyl,
aryl, or & c%n}f)nx?artloﬁ I?ﬁe?%cg‘[) 91?110?1“}{&? £84 8 2 E@ilf%ﬂé c@ﬂtgirngfé\?ﬁ%rsffnél an alcohol,

essi on

undergo bydm}(ystsmf ithe atkoxide ]aga@ds mdogondensaion (eagt pquqqapfiensatlon) resultlng in

the formﬁt{b%rdm% IV RekagBek.g | @m)fﬁfsil@)fhne E’lhl%&g%%)aktbﬁtlontan? catalysts such as
ol 1 shin pad substFate orous

protic acid (¢l Hioy) Akdpapeislecn aé‘?m?q%?)ééfl nBis fOJMRERVEF L‘ﬁ&‘a‘ﬂ‘)é of the
hydrolysfi 266 c@ﬁddnbﬁldiﬂémﬁ)nﬁ&"fﬁms&b rhé&héds thﬁaslly inRolparte use of pre-

e SOATLLE s T e AL O e
M-O-M Enkagecincteasa] a thas- _diaredsionatbeivark enformedwhish, confag pefes that are
filled w@@%l\éﬁ dqe lw:ﬂéxﬁc fhe sle%{{P lc%(ﬁeﬁe éﬁﬁm&%e@%tﬂlb%l &f fom a structure

oxl de net i | oxane

referred toeasioraiopghla\iimgleeveprretian ofdhe solpat é\/@?aébf le%diﬁ (o a@élderable

destructléi'i 8fthe g@l‘ijd BREL ARl chSiofd Tt Pk FdsAting iU formation of a xerogel A more
hr ee-di_nensi o

tone e o SR et G e 0 e
dimensichbEndtWoiM) is siipéraeitied] extréstivh th}@ercmid’ab ehstraction tighécally involves

comini LR 58§ opr SRR ih {108 o b 8P cppanting
agent (sush las emalcehd, in wdmhutammtlnanohtae)s prgsenpmeqmlmeh\m €12 gas which is

accomplﬁﬂ&f‘l‘i}‘;‘l ARt %ﬂgﬁ%&? &d Apighe & n@?ﬁt{lﬁtaﬁd@és@ﬁ}@ t& Mletmixture that

oncen atlon con ons, to for @§ i con-bhased
is above fheraSIcRl PORIGHIES expppring peewb t Haderitheps corditionse Vit cagion, cross-
linking, Wm%%ﬂéh @Ethe@bﬁ@ HatPiaBean®cBur. Me%éure\wﬂfeﬁ isloWW IBvered to

allow thea?WPdmg w0 gieRe G AR ?‘t PR g of matera,

referred @ a’scaﬁdietdgea haoh wiarbcatlnidr porei shgctned irwldcld theraverlagepare size and pore
size dist@‘ﬂ%@%@gpg %(‘(}ﬁ%d Sgéh e?c?&@e?hﬁ?e)f g?cghl)bg ?lgg% ?erﬁg to v1s1ble or
ultravioletHeght bwmg a mvdﬁngw (Me|2|5ﬁmag edytred grganlgﬂn@ggmc sol gel materials
also can ﬁé trgffs?g nt, F‘éﬁggﬁbamﬁﬁé ')trgﬁkzﬁlallei/lt ﬁ%ﬁd yo‘ﬁg%l SchaRs 1ca11y are

acl’ . ases anmoni a
preparedpisingsbamics! PYEBRISYE com@InkIZRath morganiq fﬁ‘é‘ or3nic SopRs- swiﬁ'a a three-
dlmen51&1@ﬂmli‘OSMtﬂr$ﬁﬁorﬂ<€i§fdrm@& $romT9mBh §fe®ﬁrsbﬁt ﬂﬁdﬁgatn}(@gx@&bd (}an become

i nvol.ve the u

wapped g8 IRARPRERTOEDTe: DY RO AR oB DRESITS BAF B0 ey S on T an
appropribth @rganicgoumf Exetwh;@est\bﬂ liybkid gelsgel mat@fasem;:lude clay- polyamde hybrid

materaly el SRR RAERSelMe PLEnt (o, 0., water). The

solvent can be exchanged with al cohol to forma
structure referred to as an al cogel. Sinple
evaporation of the solvent typically leads to

consi derabl e destruction of the solid

t hree-di nensi onal network resulting in the formation
of a xerogel. A nore preferred drying technique,
mhlch does not result i n substantial destruction of



di mensi onal network, is supercritical extraction.
Supercritical extraction typically involves conbining
wo bw4pslapa t hr ee- di mensi onal network with a supd¢EIB2003/004476

| ow nol ecul ar wei ght expandi ng agent (such as an
al cohol, in particular nethanol, as is present in an
al cogel or CO2 gas which is acconplished by

t h t d
10027] 2P ERC e By Mipseptiraoprae P of PREm b gdotes ofa
polymer paimthabiiavethecre hgutaddiboge thigdi or Tgndéhe pdipser inaridghly episated non-
solvent. VI'hE 'i)'oyn‘f\%trés(?ﬁ] cancﬁ of ltllxég% uﬂﬂer_lrﬁgm??cl,esggﬁ%deﬁﬁgé OEh@IlOIl-SO]Vent can
be any S@tabw s;al\{e@mbﬂrve@g 11 blghéikprm/bhgalés e&ﬁyamswge@tgéﬁqracv@n parameter (e.g., a
Flory—nggiﬁqg Uit &ra&tiin Iﬁralh&@r predted thhed syt Sl!t&ltﬁb‘lﬁner]_%@vehﬁﬁk@rﬁdtﬁﬁs are

referred t{) as . an ero

dlscusse‘irfl’cl?“g?&ef%lt ﬁaﬁ‘&ﬂ“& hap el igdhe C’N"Wﬁgc’t‘? THE %tv%?l rﬁa&ae
Handbodki, Ed. Jantds EoMaark s(D;a”echUﬁltveminylPresm NaanYbek, pogi14, ol 1999; Oberth

Rubber é%%p ﬁﬁ? L&eh &1 gﬁ?%g ré% tig ﬁa%nt}ﬁ CII{@ ﬁ%ﬁcﬂ{o%g of tSglu‘6 lﬁg ?Er%meters and

having a wave
Other thmlonﬂ?bnarrm:tm GRG RfcsSn Bpgeahat@n,sﬁﬂ -1§83, mﬂﬁ@,ranlegasaéIGSd

Macrom@l@&hl@@l ggoans @elﬂe Bby e)&'in;ﬁé th%ﬁ%ﬁe rﬂﬁflﬁlélailekﬁi id § BRBREHISRC-

brid sofl-del material's typically are prepared using
polyurethggeAncapmatie e@@‘s‘eﬁsgd %lwr&rhanﬁgstreaglw PRk X FItE Sughcps ethets, ketones,

chlorofofhh ARGy Ahkfide \IhERh@likd W9 € intehiablsitpRaatteHEdsvhan 0.3 and will act

f d f ch
ascood JELERE" gt e OF T Er RE SRR pp el SRR evotonerane,
cyclobutdiee apdn-alkaneshavamn hxﬁemommrpﬂrdmetert greatagthat A6 andlfendtionns poor
solvents 8I “rﬁ)% ﬁomBE P ﬁ‘h'@%ﬁ)rg ﬁ_ﬁ%h& Hr2Hfdn p érq% %fsn%)é % feqlperature SO
eria C a - pol'yam de
a solventrrb@teai p gped splvientet Righ ¢paanseatyies mrbeeg:m B aomrawléent@! lowepD
temperatgR84AQ IARA ML b hiBe 99@111@9%?1%&&1&%@& tolfh€ n@ﬁ@&@ent 1ncreases the

I nver st on process |nvo VES. rS|on of extre
fine polypeR EESPHAATIEFB SO0 1978) Pr@ﬁly e Soni s Wi o three”

dimensidh@Bpctgmabiste otk e h'Eﬂ‘ioﬁIsoIK'entCrfnxhhe bty 6&dled dfhualnglt@'khcm-solvent to
r resin c

form intcta%écrﬁtglce?@gtg Wé§¥1h§16 3135% gl-rhge 10, %me éymeir%et\ﬁ%r e\;gsmécin%fmaterial is
a polymar amateripéd haviyg sub-tmadybe pemwisizent havi ng a hi gh

Fl [ i
[0028] (e ﬂ{eyspmoggﬁ}solﬁ%)’ﬁ@cron‘@‘a%lﬁﬁg ?g?%sg%@cﬁpgrérsg%g?glgﬁgﬁee&mperature
and/or Vqlwaﬁ figctagn ofsupdlyiper- W@@W@rﬁt or gRAYHET Syt FHEure, SO as to move
the mlxtlﬂrb %ﬁ§§ §itl glephaky l%gﬁﬁtlﬁk'o'a tvB-pRaseRaiona W Bfin #he thngaB@reglon

oW n refer ces mer. .Dat Ha dbook,

cither spipglSCETRASTHOT CARFORE! SXPBPSTiDY OEPE BOD TR RV angeer
Decomp&?t‘ibn eferd 98¢ pﬁhesrstﬁy wikoibb eolyfieepol yaded nﬁeml’mﬂiangésg‘&ﬁn a

nonequilfpnost S it R s it e enangy of mixing
curve is Bgetvdauch ithat phase bg@Batiqn of 286Epol pmersFr.ais fodmetioradf a two-phase
matenal)’v@fé}ﬁgpé %{'Qtl%ﬁ o%ﬁé%olgﬁ-xrge %f]he doB/enf )ff?hﬁnﬁm(m résE@nse to small

esinis a as I C ret nane
ﬂuctuatlcgwéﬁgtei volune Epctipns 8 thedhigedabiagiane th eélo BRYIYiXPHe irstable with

respect t& §he ﬂhé’tu@titﬁi@ 1@$olﬁhﬁ$‘a‘étlotkﬁ{dlﬁﬁ§requﬁéﬂ Iﬁfclﬁaﬂbﬂhnd growth to achieve
ave

a phase- s&g?rgﬁ‘g%léart g]gectmtgﬁo%oétﬁgnalywer Pll)étB{e a gém@gawre and volume
fraction whiue vo- ]Slmse tdpdorp(ley therbinddal dihepimtdakregtoanehsults in the formation of
a polymeli] %%'i%gﬁpgﬁgg Rgé] él? SZ\ | IE g%g; %ﬁnéﬁﬁﬁxﬁﬂ? %n%talg(?en w1th a solvent or a gas, the
biphasic palb'awetr@terxgk wall eontaiph gub-rigon pered ahibe minrfw qcf ct)hfr phase-separation.
The polyRfdks/5iBicPatidy comfiseSRé YSAPer resihS BedchiBEY addvagi NS

Interaction paraneter s sensitive to tenperature so

a solvent that is a good solvent at high tenperatures

may beconme a non-solvent at |ower tenperatures. As

the nunber of fine polynmer resin particles added to

t he non-sol vent increases, the fine polyner resin

particles connect to forminitially as tendrils and

ultimately as a three-



di mensi onal pol yner network. The non-solvent m xture
is then cool ed causing the non-solvent to forminto
waele@anat4e0 dr opl ets within the three-di nensi onaPCPpB29084004476
network. The resulting matdpial is a polyner nmateri al
havi ng sub-m cron pore sizes. [0028] The spinodal or
binodal deconposition process involves controlling the
nperature and/or, vol unme fractl n of
[0029]  polinprmsesyites o7 Imigkion PESCOgin e Divaie. Qg emngratiugs @1d

pressuresStQ f&@e b QupBRMRical ﬂ@id@a&ﬂ% 8 scﬁl[d)ﬂiﬁlﬁmSﬂ shgétecompasmgr &gilgner resin.
nt o

[ at has on
The b T DAL L e RSB s e
placed at@f)oxh hbempehtyreantord pressuee easel.oAcupercried gasp@:g 1Npor CO,) is added to

the vesse an? b \;eg#i Egyrgsrsy?ﬁ;e%sto A ek @n Ot TE E’ﬂ Qgﬁr\’) hte amount of the

noneqg Ul rlun1 0 an
gas into the friee Nblnm@mf Prepndymensheete Top |am9§aq ofrgag ﬂ@?PlV?Ch’él the pelymer is

directly ﬁgﬁdg?grtla?gonﬂg ])cébl%]gsd Iﬁébrsﬂl% dcBordRgab Héﬁrysélﬁlbl/ tm&%aﬂﬂ@ﬁﬁ temperature

of the po{W ghaes mcreapgsdhe %atg oly (ﬁ?ﬁlﬁﬂégg&g @f’f o n’%s &n'letrh@ut also decreases
the amouapbﬁ/ ftha’ﬂﬁ@h &1B§)I€e£)1h\tﬁmpolym3r ﬂﬁemt@m:emlusgasmas dspoughdy saturated the

polymer, Bﬂa%g 1s Feglé?vgﬁtﬂ‘ éleé)g?s%}gﬁzre ves %Er'féhe?réglgﬁﬁ%PJ)lg'rnt Fﬁneet typically
has cell sllz&s penging foors Ol tickénsao davicons If desied,ihepslyaer shest eancbe quickly
heated to $reh &l rﬁ(ﬂ?ee gﬁ%h(fé egg RSl p[ly}‘ot‘ests Qh@ﬁgﬂe%‘i/z% of "i‘llle porous

ase-separa mat er | a Preci tation Eﬁ{
material fiak lapidn Rert gonteqtisd barithe e B RIFRRUTe] ?radcﬁqneﬁntmqoﬁ.
supercntfcgﬁgatsV\Qfd%?f?o%ah@ﬁé fereof.- €., the binodal or spinodal

t tl
o050 bes e g i PR B8!PyRRLR gpoper
polishingd @dl?ﬂle\{dohﬂnﬂg pal substrate tarsbgrasyntedimnto bpplidsngpasolsyngeny suitable

techmqu?n‘af %rrerxg]glg h1 tpﬁ?la‘u adS é{ft))st%tg m&&%%e@{m{) Qﬁghshlng pad through

B Separat
the use ofndifestvabl "i]hennmqshmg pad hebspoleywmebe moynted lltt@ éléﬁr fopg@rtion of the

pohshm%]?a(?iv(@ &r e ) %Qgﬂ{nQ%ZﬁgcQ:t) %%éﬁ BRP3MBAME bhe ﬂ&tohpﬁ)c?r@bn dhhe

gas 1 njecltion process i nval ves the

of .
polishingpagH eige threrbpabed hg @ahs}brp%gaéimuggtrq HCAJHVE agy Suitable dimensions and
can be ro%ﬁ@ edval, 'sﬁlha‘i'@|re<ft!1d»gulhrg@§ngdlir9arﬁi $0dri. dTHeqloYisking phe edbstrate can be

posiionSi Ay 15 b oo AT 3L Rt RS A Pt REsd o

the polisking sundsd of teqicdishing pagl ﬁh@pbl_mhmlgqxamcmemplaqem or mage af the
polishiné3 éa%ssglgr%tgat%/seo%ﬂf%lgvélﬁ%ﬂp Fhe gofié‘ Gl p&ias%bgtfat 5) calﬂ% lacgg%l any

vessel e vesse IS pres uri zed
suitable pasitipn @bt pelishitigiiadmelative fodhe eenser aagior BeiRher:obths pAtishing pad.

[0031] OfTﬁ{;ﬁ Solish A8 8?&‘111% mﬁchfthésolgsﬁidgrﬁd@ﬁbs&ﬂa& B gla\éa@ tarShe@bde of any

suitable pplishing|nad st v i e 'kgmsv inpfhe affngﬁﬁ pelishing pad typically is
opaque cﬁ‘éﬁ@rﬁilrtﬁbﬂlytt&nk‘lﬁﬁéry Thé putishinggadaan ogmptiss dngyrspizatse pokymer resin.

o e o B ARG S M5 8o P e
conmstmgmﬁnimrmoplagwlaslmners,aherdw@mtwpolynret}iaees{g theymeplasticepalyolefins,

polycarthHzﬁg %Q@v&?’ﬁll&%&sv@ﬁ&?&] gﬁk%ﬁ%ﬁ& WibeRel taﬁ@meﬂ@&ggf%{hi}denes

ressurized ves
polytetraﬂegmethyi@emlmlemmhthwmwlwmldqsa@ yapmidgszpoalyarylenes,
polystyrérﬁ@ o‘i‘)gnétflﬂmeglaéry‘fﬁté'sr @%ltrﬁerl tKEr&df04hd thixndesthefdf. Thepolishing

mer sheet can be . heat ed t.0. a.softened or .
pad can heprbarcdibyay satls D TP iies Frisrgedgettighpo T biow molding
extrusioss,iaae tif likeher hB @bﬁs}ﬁng pal c&xmlbalsohd; aiad ndregabus, mapeerttain microporous
closed c%g n‘éaré]g‘{olpgﬂ %%e ﬁ§ h?ngng%oe}ltéér{% (rglﬁtbp&fas%e%ro%'to @'ﬂg:h a polymer has been

combi nati ons t hereof. [0030] When the pol i shi ng pad
substrate of the invention constitutes only a portion
of a polishing pad, the polishing pad substrate can
be nounted into a polishing pad using any suitable




techni que. For exanple, the polishing pad substrate
can be nounted into a polishing pad through the use
wo@booadbmsd ves. The polishing pad substrate canP@BIB2003/004476
nmounted into the top portiah of the polishing pad
(e.g., the polishing surface), or can be nounted into
the bottom portion of the polishing pad (e.g., the
subpad). The polishing pad substrate can have any
molded. gj t abl e di nensions and can be round, oval, square,
[0032] r ewlisiigy bads,cotrtpridinguhapolishing pad sairstrafBhee tlpminlvelttlamglapad polishing
upst r.at
surface w, ctfl QFP l%ﬂhgrucr Pﬁ)%%%% r%?ﬁg él%lnﬁec‘lﬁ LAaRE géﬂf&%ﬂof{‘é Jvfﬁkc)h facilitate
the latera} emge @f pcplmhmgt d@@g@@ltuoghaqiigsséhﬁ mf,aée @f thte peliging 3. ngpch

grooves, Pl?éiimell_rkﬁ g@%fa%%h@&np&qn%ﬂﬁ sﬁ%ﬁ'&rﬁa&@npﬁﬂ dah hﬁw ﬁl}osfulthlsl@ depth

ad _substrates © I nvent i on.

and Wldﬂp oThesmﬂlﬁ ng aad §MVP&W@@§)H°6%€%§ f5Eenh BLROXE PF?F% for example a
combinatfd $fARge gRRSEd Arisnll grbevdaak dedetibed @ad.St Bhtaht 5,489,283t HEhe

s AR e B O 05 RS L i 0 LB
crosshatchlplaﬁémadrfel das bp lcantethousior en-cratiouafs inngnnestivity bPrsferably, the
pollshmggo%td c%%gﬁ%s%@%a%&xﬁﬁl ghov ﬁydu %d Wét&rﬂla?d gad%&mldnfhft H&thods.

ue or  onl
[0033] pdofisking ya(isrc@mﬂ@@éﬁhe path mﬂmaﬂ §hbﬁ¢gtqﬁdh%we@&wp§empnse in
addition t%rﬂrie Bblishy! fadRAbSHARY, 0h& 81 More JikdT fOXAED bﬁconﬁ;ﬁtﬁlents For example the

ol i Shing pad t |caII ses r res
sl e G ol ol O REbSEE A Yl Py and s
composﬁﬁin@s @B’Fbﬁshlﬁg]ﬁdl@ﬂbﬁeﬂly @npomytisetohidpastcldsiaclndipp abtasive

particles Eey$ o]ﬁlgt %’f@%%ﬁ@? ggélg%%:ﬁarﬁcleg a%(eorhs{s&ﬁb% f}agﬁglle? 'water-absorbent
particles,jollgetatiodeseand thpbke.t et r af | uor oet hyl ene,

[0034] pqlo\ﬁ@fnlﬂ% é%&%ﬁ{pﬁgiﬁ hal ?61%11111%%%%@1% ofRRL ¥REAB LR partlcularly

nes st yr enes ol ynet hyl nmet hacryl at e
it Tt et b A R S picaly,a

deplcted BPHGS hi pg apBeﬂQtu@ @&n?ﬁsd@raq%@rﬁﬂ Woyicla Myhe@Uh Led) liLinRéthomtand has a

et B3PS RS b S PR S
polishingssadi sibaratk ¢fahe memm 1nccantacmntlaplatem503ndpmwn|g withltiespldten when

in motloxf %b{i%ﬁ%r%%g% t%lg ds SR Ccﬁlgplgc% Z{ & be%o#gl?e'&bbép&%ﬂng and moving relative
to the suZ@R4PBlish RATY. |E@cx@3vs@mgmf fhe warkpiges t@kes. plpdspthe workpiece

being plac?& inﬁ < P3¢ WA ﬁle?%‘iﬁﬁf\i/ n hg 2&9 aﬂd"ﬂielﬁ’ e p%hhlﬁﬁg B@djm%‘}ﬁx%tréléﬁee to the

I nventi I'1sh |n surface

workpieagptypARY PYthPROLRERE EoBPIISeLMER RS, SRS i f%‘fe Yepst portion of
the workﬁl%éé Rk e witkgibed. amid polighiag cbxhpodltﬁ?drﬁﬂy@icaﬂy adsmpﬂsrets a liquid

olishing c ons ac r ace
carier (o PR} FRBTRABH S0V eed TR & ApHE Plpehifig op the wpe
of workpieea bbmgipolighey, thaipdhdhieg gatgositionaptionaly m@vﬁlr@lmycompnse OXIdlZII’Ig

agents, 0{%1065th§ &%P]%&lgéggel&ﬂ gmuff{:ﬁe sﬁﬂctaﬁ@ @?rr&%jn ﬁ]ﬁﬁ)ltlaﬁv fmnti-

roove patterns, for exanp
foaming egamts, Ard theikef The CHEP apravAescanrhe aamanitabl GWe@paéatus many of

which arg RRGI e hlrﬂ Pho l'?ﬁﬁr%‘ﬁad%oﬂt%%s&%@he PAIRhing pAA ESstaRIbS the

eint orn1o gr Qoves, concentric grooves,
inventiors#5Q gan lt?rusé‘il Pt lpeargoishiag to crosshatch pattern,

[0035] arldes‘itﬁﬂlybﬁ?le CMP iappt@atas ﬁfrt}ﬁﬂébrﬁmﬁﬁes m Ustul polishing endpomt detection

e SRR 0 B S D 0

polishingprodest by analgzinglipltds other mmgon@gﬂepcﬁqh ﬁncgnpes@, ace of the workpiece are
known 1&@1@91&' BBk R P ! RRIrHd %ge)%gﬁﬁ £ iRTeS Gardnf'8,196,353, U.S. Patent
vention can conpri se, ti'on to the polishing

pad substrate, one or nore other features or

conponents. For exanple, the polishing pad optionally

can conprise regions of differing density, hardness,

porosity, and chem cal conpositions. The poli shing

pad optionally can conprise solid particles including

abr asi ve



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

particles, water-soluble particles, water-absorbent
w@a0otiogl4es, hol |l ow particles, and the |ike. [ OBGHIB2003/004476

Pol i shi ng pads conprising tthe polishing pad substrate

of the invention are particularly suited for use in

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

5,433,600, FaHSit 58&59'5??'6! Pa@fnt scl@@g%m‘ d Eat,:ll é6§ﬂ 1@% S. Patent

us
5,730,630 0% Futfit SAMAAL 5 Rrrb g aRaUS Baent £893 t U . Parent
5,949,9201 id @IS, PhicAeRH64 @43 DdsErtibig theis @alon&)r%ﬂu%ﬁhggfﬁﬁ%r&gress of

e polishEe Rshih "eartide o MR e SRR P A Tblos i dgterminaian of the

pollshmg)bm:t-pmnwnen thei detammiriaton ofiwtleratoctarmingte tize pd1RhingPréles@with respect
toapanl aFRb 3 to be polished by contacting and noving

ativ to the surface of polishing pad 1. The
[0036] poAlpSPhBh!gg o#d edieprighnadbe pelishingasl substuate bfjthe irerention can be used

alone or B@tﬁé‘xﬁ'll? (éﬁn b@ ﬁééﬂgis Bh@ﬁﬁlgr oty Iﬁﬁfﬁt Er Sckba f)&?sh lﬂaﬁh 'Fﬂg example

he poli aﬂ_ E po] i Shi ng V|n ativ
the polis swafi Epbe Wsul% SmyingRarvig 66P‘PP§‘I4| ng ehRIdspn b@ﬁny Sutabl
subpad. ShiatdbeilibpadsincRde @Slyhﬁtlﬁihém albpagacte. 6Pd361|i® |f@:ﬁn Qhibpads from

Rogers dogﬁpr\é\gorbpm? %?%Peéigolllt susocpg% ?rp\é\fg{glé]g)uﬁ PE;‘Q(PE?% l?p@ps og sintered
urethane (subppds. Zhe adhped tpicdly s sofer than phd @adjshisg pad camﬂrlsmg the polishing
pad subs&ﬁ’tte'o?ﬁfél 15¥%ﬂf3n%95 gfelk 4 ée d%ﬁ%@nﬁ%ﬁ&%lé Qr?d flé’spaelow%I Shore hardness

wor kpi ece being p

value thag{he pRfisbing nedy Fotipramte, donibpadcandage z%ﬁg nEQ@mSS of 350 50. In

some emBb@a{thfs, ﬁﬁlsd%adQQHBJd&Xisrlgss%gﬁ? e%mb[éHaIWflafseJlﬁgher Shore hardness
act ant ¢ ﬁ5|on i.nhi bitors, anti- foaRi

than the %ngﬁtng pag,, pptonglly C@Vpnéﬁp%?%‘feﬁs"h@%l% @ogﬁ\y sections,
wmdowss apertbdse alﬁ\ﬂﬁe Ellkfiakmieﬂ she paiRkin@ipad whihelinwvhe ok kWA iflcombination

T e R N A —

film, coexien@m withland fetweer el polishiogBa] atethe setigad, t he CWP
[0037] a@ﬂﬁfsﬁi %aﬁéjé&rﬁ}ﬁ'f51rfgqﬁpgbl§sﬁﬁlﬁéd'sﬂbs?fa#éé \% ?ljléhlﬁbérﬁl%ﬁl are suitable for

f poi nt’ "det ect1 on tem
use in po Fhltlgwélaa}’t‘ypesreéwmkwé%s et Suuta%tﬁé%tqrﬁ@ﬁf%rﬁ)jambm*mepmgnatenals For

example, ttH@pol[BhiﬂgSﬂhldE\ BarPbeOeed fo PolisBRArKFLOE ulldlﬂhﬁg i5’11r<3rrf2>H'1 %rage devices,
ted froma_surface of t Pl ece

I at. refl.e
o B R B ST HBL o 1
pohshlng@adsrpichl,delmembrﬁ or HatdatitksSmaHetid hdadsUMEMBaleeioés, ¥éhiconductor

wafers, ﬁ%%oeﬂuggléé éggfg fh@é&%?ﬁ%q?ég Eérog%% Z@Staaiés‘ g eglaH?b g%lglﬁ)f:lectromc

substratesc@BEisigRinswaing fesere (a.., Sligudiexide, sili®n riaider low dielectric
matenalsga&ﬁ& 6t céﬁtﬁmng‘ﬁ}%ﬁt (e%s%ﬁ%&\ takdm®: Ju{?ﬁg&ngummum nickel,

at’ent

titanium 5’13@’61&”’6%}16%1 rhagiup, quﬂé‘nl%gﬂ@ét’?@ﬁ ntﬂtalﬁonl toring of
the progress of the polishing process with respect to
a wor kpi ece bei ng polished enables 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
the 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 Shore hardness val ue
wa bmmwostagn pol i shi ng pad. For exanpl e, the subpedr/m2n3/004476
have a Shore A hardness of 135 to 50. In sone
enbodi nents, the subpad is harder, is |ess
conpressi ble, and has a hi gher Shore hardness than
the polishing pad. The sﬁ;}@g@ﬁ)pti onal Iy conpri ses
grooves, channels, hollo ons, W ndows,
A chpmudalrneshanicati polishing pad. sub¥tete ¢dueprpalg spurngs mattrief havire an
ave{r%%rr% %‘]Ee {)ﬁoebllsﬁl(ficrbﬁ]s {69 ic??xr{é gﬁ-ﬁf f{\%hteg)oﬁslﬁﬂg ggcijsubstratﬁ has a light

re Is an 1 n
tranggnitiansg |0§ e0%ar arase et A peashemeaw evelgnigthgf 2@8@;@1 L0 Wit h

Th%ﬁ&hs VRE Rubshdtest il 1N W HRASh ﬁfé%oh&ﬁn@ﬂ@ﬁﬁﬂ)strit@ @374 light

R R R R

Thevpolishingpad soistratr dRlames wherdn theaumbags péresizlis wafrﬁlk:ﬁdns to 0.7
and wor kpi ece materials. For exanple, the polishing
miCIoIn
pa 80% can be used to pol i sh wor kpi eces i ncl udi ng nenory
Thcsptdmhglg rdd silistrete of stavinclo mbetsitothe pobmis materta] hanal deisityof 0.5 g/em’
%}gltrates Sui t abl e wor kpi eces for polishing with the

I shing pads include nenory or rigid disks, magnetic
Thm%ltfélngm%ubf&r@te@e‘§ Al sTEL e dProusaTaserEal has depsity of 0.7 glom’
&BatssSi on di splays, and other microelectronic

rate ecl.a oeI Ctl'OﬂIC Su trate
‘ﬂ’dﬁ%ipﬁé SP‘??E’EF&Q LF@,%H e egoroug FHatTL B @y pidolume of 90%

orlsssllcon nitride, or |ow d| el ectric rraterlals) and/or

Theﬂi&lghinggﬁh @'{1&'&%& c!f%}/a%hgﬁ( (V%e%ll% tht% %890% ’matnf}pail ﬂLsu{r{Imd volume of 25%

m num  ni
or lespt hen| um rhodium iridiumor other nobI e rret aI s). WD

Th@ﬁ(ﬁﬂﬁ&%ﬁg Quﬁ:)g{elo@%pd@t%/ 19 %4176@1 thé %0%%1’131 corﬁpnses a polymer

em cal - mechani cal pol i sh ng pad substrate conpri_sing
resiy sglseist Srophihe gronp aeavisting effhcrmippiashie claspmess; srgeplastisl

polfflhr’éﬂl@ﬂés ﬂ@nﬂopﬁﬁlbipﬁllqyto\wfﬁfs epdlyc_tafttﬁmaels I@W}@l@é‘hols nylonts
u a nsm nce., o 9% or nore a
cleg P Bb et Tudme v bR eSa PR SrodBHee o
poljrhhylpmteraphthzgatpambl;mnhddzsr polgaramidss gpatydrylendse peliystytemes,
polglgll&}hgmagacpﬁgtesc‘ %Qﬁ(ﬁgﬁ‘éﬁ tﬁé}%oiaallld ture%}ﬁ%?é)gqot tance of

vvave engt O nmto
Thespplsbimgmad sehstratgeof shimsh whgrepa@e egbmer sisén isfa theroplastic
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The chemical-mechanical polishing apparatus of claim 13, further comprising an in situ
polishing endpoint detection system.
A method of polishing a workpiece comprising:
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14. The chem cal - mechani cal polishing apparatus of
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