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W@ 0@00%590hi s i nvention pertains to nethods of PCT/US2006/041421
manuf acturing a polishing pad substrate conprising a
porous material for use in chem cal - mechani cal
polishing (CWP) nethods. Mre particularly this
invention relates to a methdd of manuf acturing a CWP
pad having a selected porosity and a relatively narrow
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the rotating wafer and the rotating polishing pad during the polishing process. The polishing
composition typically contains a chemical that interacts with or dissolves portions of the
uppermost wafer layer(s) and an abrasive material that physically removes portions of the
layer(s). The wafer and the polishing pad can be rotated in the same direction or in opposite’
directions, whichever is desirable for the particular polishing process being carried out. The
carrier also can oscillate across the polishing pad on the polishing table.

[0004] In polishing the surface of a wafer, it is often advantageous to monitor the polishing

process in situ. One method of monitoring the polishing process in sifu involves the use of a



[0004] In polishing the surface of a wafer, it is
of ten advant ageous to nonitor the polishing process in
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[0006] While many of the known window materials are suitable for their intended use,

there remains a need for effective polishing pads having translucent regions that can be



particles. [0006] Wile many of the known w ndow
materials are suitable for their intended use, there
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interconnected pores having pore sizes in the range of 0.01 to 10 microns and having a porosity
in the range of 20 to 90% by volume.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 shows a schematic of a phase diagram for polymer-solvent mixtures (e.g.,
polymer volume fraction as a function of temperature).
[0011] Fig. 2 shows an experimentally determined phase diagram of a
polystyrene/cyclohexanol system. (PS Mw=150,000). Homogeneous solution was prepared at



[0010] Fig. 1 shows a schematic of a phase diagramfor
pol yner -sol vent m xtures (e.g., polyner vol une
wo e@eHsdm as a function of tenperature). [0011PCFHUS2002041421

shows an experinentally determ ned phase di agram of a

pol ystyrene/ cycl ohexanol system (PS Ma=lI 50, 000).
Homogeneous sol ution was prepared at 1600C fol | owed by

sl ow cooling; the data points represent the phase
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polishing pad, or the polishing pad substrate can
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entire B@‘F%lh Hﬁg (ggd therratirg poliphmegsd or polishingptop@ag is transpargyt).. In some
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substrate has an average pore size O
materigl) Thegobsting Pacsubstaitk gomptigesavelane opihe @oksiieg p&l Batdl at least
05 c g gicgons, nore preferably 0.01 to 2 mcrons hi
M oY iments the average pore size is in the range
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radj ation at_all t hereby providing the polishing pad

particulayilagoryiiis helieved that gioresites sragerdharot macpran Sl seattey incident
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substr has 3 Yorm
scatter the incident radiation at all thereby providing the polishing pad substrate with a

desirable degree of transparency.

[0016] The porous material of the polishing pad substrate has a highly uniform distribution
of pore sizes (i.e., cell sizes). Typically, 75% or more (e.g., 80% or more, or 85% or more) of
the pores (e.g., cells) in the porous material have a pore size distribution of £0.5 pm or less
(e.g., £0.3 pm or less, or 0.2 um or less) from the average pore size. In other words, 75% or
more (e.g., 80% or more, or 85% or more) of the pores in the porous material have a pore size

within 0.5 pm or less (e.g., 0.3 pm or less, or 0.2 pm or less) of the average pore size.



of pore sizes (i.e., cell sizes). Typically, 75% or
nore (e.g., 80%or nore, or 85%or nore) of the pores
W@ 200g/0559¢el | s) in the porous material have a pPCEUSI0A€041421

di stribution of 0.5 mmor less (e.g., 0.3 mmor |ess,

or 0.2 mmor less) fromthe average pore size. In

ot her words, 75%or nore (e.g., 80%or nore, or 85% or

nore) of the pores in the porous naterial have a pore
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| s, which t ther forma ne rk of substantiall
tOgethleﬁ%og?lcaolﬁ%‘ggﬁkeéo ﬁ@ tally dgigp LV‘@’&F%S materi al of d
[0019] he @) fosdlisiBatargad o‘f'tl{bsﬂdli@hﬁg%a@ sttMBteAN havd ArdluBable density or

density or void vol une. @W}éﬂl cally, the porous material
void velne Humenllyythe orpus nggt @?aé¢r§ay@f 0Rez/gm’ omgrsatgv ©re 0.3

g/cm3 Q% g;ge[] ge?{cgreg?@g 4?’&1?3 c?rﬁgl}'ea% 3’r xe ¥ab%; E % 1tg76)f 5%35/8 & bloé(reater
(e.g., @W @ddneY or g@éat@)/@rl‘e\z@nﬂ %é/@ﬂig oﬁgre@tfef)aﬂ’exié)poro'ﬁh? (p@,r asd vylume)
void vol une) é@l cally is 90% or |ess

typlcasﬂs% R 108 kess (e %‘i/eﬁr 805 .evme%% Or [5Ee) m%a@lyéé%a gyiless (e.g.,

0 0 0
15% dr 2%2,) 1@y le ]ie(s:sé% e e/§ Ssg %e(_s)%? %cgrlfﬁfe %ogéusgﬁgtg?%gﬁag b cell density
of 105dJeHs’ cm§/ ongredteﬁ(ecge,l ll(g/celﬂﬂ"a‘cm orggreastelﬂr The c@il derik@$ is determined by

1 cells/cnB ﬁ %reat e{}ﬂ) mel I I S det rm ned.
analyige & frorySochignd] TErgR e o TONmaghkR) & Rokoty matgrdlgpy an image
analysiSRFNar®pro@radP 5 Ss THIEM AL ® Wnhbing @oﬂﬁﬁg%né TRHAGEBRO® imaging

sof tware_program such as OPTI MAS(r) inmagi ng software
softwancbofINCRE &Y berwmiighmg CIGTVTATEIS OB hirbaginelfiware by Clemex

Techn@/%gr netics, or CLEMEX VISION(r) imaging software by

nex Technol ogi es. [0020] The porous material of the

[0020po! I'Efeipdgousathtsid SF i licking @adPIisEBteRBY coMptifAs suitable
material and typically conprises a polyner resin. The

mateﬂﬁbm}gpmlﬂsé?%wnﬁsﬁ éP@%’H&ﬁWeS@b nplhg ResQUEMpiSTighnsplerably gpmprises a

polym%ﬂe@ﬁlts%féc{eﬁ oLt nt%ﬁ&g}‘%brﬁﬁﬁﬁ 8f fh@l?'% lastt1|3%fa%ﬁ?ss #llle‘f‘moplastlc

el astoners, I C poryure nes
polyuptilayies pblynkfias, popehibonaigs, potyoirols colvyd, Q&R)ns edlﬁﬁdr@eﬁ‘ﬁ:r ubbers,

rubbers, . - :
styrenic po?ymers, polyaromatics, fluoropolymers, polyimides, cross-linked polyurethanes,

cross-linked polyolefins, polyethers, polyesters, polyacrylates, elastomeric polyethylenes,
polytetrafluoroethylene, polyethyleneteraphthalate, polyimides, polyaramides, polyarylenes,
polystyrenes, polymethylmethacrylates, copolymers and block copolymers thereof, and
mixtures and blends of two or more of the foregoing. Preferably, the polymer resin is

thermoplastic polyurethane.



styreni c polyners, polyaromatics, fnoropolyners,
pol yi m des, cross-I|inked pol yurethanes, cross-1inked
weoioyoswdns, pol yethers, polyesters, polyacrylBCEES2006/041421
el astoneri c pol yet hyl enes, pol ytetrafl uoroethyl ene,
pol yet hyl enet er apht hal ate, pol yi m des, pol yaram des,
pol yaryl enes, pol ystyrenes, pol ynet hyl net hacryl at es,
copol ymers and bl ock copol yr?ers t hereof, and m xtures
and bl ends of two or nore of the foregoing.
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urethap, BrepplaieSt ﬁ%chpaaﬂwéﬁﬁgﬁg CRogHes, %@O?X%ﬁetnsenﬂ%mers with

a prepbBafe 'c@xﬁaiﬁfnguefn%&?ﬁﬁa tDF ARG BTeBy. Sﬁﬁféﬁle@%dyﬁl@&é’ ?é&@ﬁ@e moieties
di’-1 socyanate tri-isocyanat'e prepol yners,

lncludpla&msymépol(yoht ai ning an i socyanate react i ve noi ety
ui tabl SOC at reactive. |et es
0022 TG A YR bRl B Rsfnd, % ol S P A e
polymét #ekind Q{lﬁﬂlﬂ)gyhﬂh@ ?ﬂbbv bedBviohef igﬁ?ﬁﬁﬂﬁheﬁf thﬁeﬁ&iﬁdfﬁﬂulds the
resin. eol ogy is the flow behavior of a polyne

viscositglig a i barihd fatipdetwach dhasheastioss (ifos t2agential stress, o)

o SRS GI5U o A 1) e L Pt SH S
rate thYéTéeﬁ%gt(&'ﬂz@irﬁe% §N¢heard@lethinningQpeaab-pldsBbitPARa NP nhlas'hear rate

ds, shear  rate thickening (dilatancy) or shear
thmmm&caeses, hanvisoegity peceasos Witlasmqr@asngg) shearyraigc diuis this propieg that allows

e thinnin casg t.he. vi COSI .decreas
« ol Fest by “SRL A PRE e eRio GR R PEabFRg ol pppggsses. T
order @ iB@tifEHe drRfhlvetion D€ shise ehté thilhg, thekebloal io®the(flgner resins
extrusion, injection nmolding) processes. In order to

must hegletrrmined; e éhcrqlfpgyaﬂanrb@gietﬂmnafed%@aiapﬂ@wepmmﬁ wgvhich the
molteﬁrﬁglyfrﬁgg%sfglgg f%g%& l%gie #’ rers aﬁ%%{p : altéﬁa I i beL M@ﬂm length.

By pldtéahthic gy partimt s%bdr&htetvbﬂumisb@itymo Hi}ff&d?nt m@ﬁpaﬁath&si the eedationship
under .a fixed pressure rough a capil y. of a

betwe Fdhﬁ"&?P%FY giRerafe Eﬂngftet et Jﬁ)ﬁéﬁv@ﬁ%oggﬁé%%%s fndex

(RPI) 15 Yeiﬁeﬂémgﬂe dt‘:1¥t1f?és ¢ tﬁfa?% L 6IRE g@%’ﬁ{e‘f' Sesit. "Bhe RPI is the ratio

at1ons etmeen the visc S|ty tenperature can
of the hscaetyeat mrefed:ncér teepRatwicdq theRrgosits aftg al cheege i( Fﬂﬁh}))erawre equal
o nef er i fi sthe CLi |caI e, of
10 20°F BEABRE St AR Heine s Tt Fbeyftiiis s Pae e the RP!
preferé’&ly@s If /Y ?@ 83 {oSyYRATeAnbaBure® at hedt AOST 130 1A dndra tBmperature of
change in tenperature equal to 200C for a fixed shear

205°C: at e. V\hen the polymer resin is thernoplastic

oly n the RP ref er t

10023F 0 YA Dby BERRRER h b2Vt o bk Agep i
records EEPARAINY bﬁm@iteﬁﬁ Gmef Q0 2edm o) Tiedt Resx tipdey M & e5EI0EY bya given

neasurenent is the Melt Flow | ndex (M-l) _ which
temperature and pressure over a fixed amount of time. For example, when the polymer resin is
thermoplastic polyurethane or polyurethane copolymer (e.g., a polycarbonate silicone-based
copolymer, a polyurethane fluorine-based copolymers, or a polyurethane siloxane-segmented
copolymer), the MFI preferably is 20 or less (e.g., 15 or less) over 10 minutes at a temperature
0f210°C and a load of 2160 g. When the polymer resin is an elastomeric polyolefin or a

polyolefin copolymer (e.g., a copolymer comprising an ethylene a-olefin such as elastomeric



records the anmount of nolten polyner (in grans) that
is extruded froma capillary at a given tenperature
wanpw7pswssure over a fixed anount of tinme. ForPERESPLE()41421
when the polyner resin is thernoplastic pol yurethane
or pol yurethane copolynmer (e.g., a polycarbonate
silicone-based copol yner, épolyurethane
fl uori ne-based copol yners, or a pol yurethane
si | oxane- segnented copolyner), the MFl preferably is
or norﬂﬁl ethylefSpropglede, etllen®hedens Se)thydcht@lermﬁmﬁhe $1katanae1astomenc
nperature of 210C and a | oad of 2160 g. Wen th
ethyleb% PW%&@C}? fram gpetallogenchased eatﬁlaﬁ@,cﬂr@mﬂmr%ylene styrene

copolﬂﬁ%&q @Mﬁl‘f)g BRAS 5(0‘? %I%S éﬁ %ég OPRLY e fﬁ%.ités' A9 t&lperature of

l'ene a- m“such toneri‘cor nor
210°Cettridyel learbemmmg eWaen ﬁietpobnmerhemn ises, nydomyi polgeanbdrateg the MFI

preferﬁﬂgliﬁt %%Fqké&ﬁgorﬁlggiégg arp e§ a!t ge)Fe%}:pCe? 0|e)6¥3105@g§d aload of
2160 ol ypropyl ene-styrene copol ymer), the M-l preferably

Is 5 or less (e.g., 4 or less) over 10 mnutes at a
[0024} errd&xearh@crlegsocbf the @Qlyami r@ln @adlepéndarsihe gnolsaindar weight,

poly a3 B g B Regit 8Bl RO ESGRRERL Frogt By, ates

transition Win@Eradire &) dehat Whperturéd IDH ke folyRakretin. 2VRE Ge
[0024] The rheO|%gﬁ of the polynmer resin can degend on

polymengesivgp drermaplagii Yuretb@mw pobiarethese qopgbsngt Bich as thee

oo 35 85 OB 0SS B R e S
g/mol &é 30(e0PgmoiErsrefeebin7o, W'(Bg’nidllﬁo DSI} Q0 0eg/miokSivith 4 BDI of 1 1to0 6,
prefergd 20 s ORISR BE IHAERS S P BEE VIS OVE 7 2115 0 ghfemperature

o I 5
200 T e £ U, P B i

resin 1& 50 pl&@ton@hnpblyol/aﬂnl‘ora peDtolefin dopblytnmer §suchrae ther @ipblynRrs described

e BB e S T TR A8 A RS 40888350 300000 o,

preferélﬁ%r t70100835h1118300 S0V §/dd 1w ah AP DIZAC. 1 @ 125Pfefer¥hION thNO. When

nmer resin is an el astoneric pol yol efmor a

the po e,mﬁsem ismydarper Bnlrmaﬂ(oya@hthasvemé agerpet yotecslagwsight fdd)

svieat) ' Ehgod OB P BR BeRBE B A Bl o iollog ey wien

PDIoFDl@@S wefeedbly 2 ts390, OOO g/mol, with a PDI of 1.1 to
eferably 2 to 10, \Wen the polymer resinis

[0025hy| &ﬁwdw mry@sa? %%@%forﬁh?epmmsgnatea@@ra@éa kblascgrtain

el i) OEHSL i 0 RO S0 R o,

the FleacuPaﬂ)lM@dulﬁs (JAS’ICMSW%D pjfeéasraﬂdb/ys 250 BIP4 (~$(D0125}];S1)‘Hbd 000 MPa

resin Iected r I he ous nateria
<~150§8§¥g‘§ 4BF §Vqﬁ%&e§e Sttt M ?ssptﬁs BUSRES Febegpd is 35 o
greate{s)éﬁHHleBSho\P@Brha}&}‘ésQ S’]!‘l‘ﬁrDZﬁ%) E§4@t0 J%%g@o%tsbf

pol yur et hane, the exur a
[0026]or eflheaolishing paisslbwae @asa)hglﬁ]ﬂrqmsmjttmoe aDoBo IVPmore (e g., 20% or

more) Faglieg&ogg%/agglg%%taé Bl aver acgez,@ ooff,e5S OQ'dOb N I X pads thickess of 0.075
cm to 0.2 cm. Preferably, the porous materlal has a light transmittance of 30% or more (e.g.,
40% or more, or even 50% or more) at least one wavelength in the range of 200 nm to 35,000
nm (e.g., 200 nm to 10,000 nm, or 200 nm to 1,000 nm, or even 200 nm to 800 nm). The light

transmittance of the polishing pad substrate is at least in part determined by controlling



greater, and the Shore D hardness (ASTM D2240-95) is
40 to 90 (e.g., 50 to 80). [0026] The polishing pad
wGeamsnsmve has a |ight transmttance of 10% orPEDUS2006/041421

(e.g., 20% or nore) at |east one wavelength in the

range of 200 nmto 35,000 nmat a pad thickness of

0.075 cmto 0.2 cm Preferahly, the porous nateri al

has a light transmttance of 30% or nore (e.g., 40% or

nore, or even 50% or nore) at |east one wavel ength in
propettiee of thaperafs n20&ia selected FpMiile graupeonsistindF damzity) void volume,

1 O.nm or 200 hmto 1,000 nm or even 200 nmto
Flexuxggypoﬁml{s’ apdeeopptypations tegseft t ance of the poli shing pad

[0027P UbStHedoBishifie Bhd LtRRhtel o tRARTefiBh %Tﬂsrlﬁ'g)r d consistency of the
controllingproperties of the porous materi al sel ectad

light tfangmittanes gjven the Itfotiieof itrepodishidg pad substretei Thisafeatrs, arises from the

Fl exural Modul u and c i,nations.thereof. 02 he
fut gl ¥ U5 it 8 B e GO Rk R e P g b sl “Ths,
when theRuE @D agRNStepiBRE Mulhe beiEhldgdHe stibsatdit 4 RRCEn@YB the surface
the lifetine of the polishing pad substrate. This

have subginijally simidaporesiihand soughpess; angrthunkave splstarndially similar polishing

' : i I, Shi. d
s T T
transndseivitygofjihé palishirg, padhrebsitiisie Quentrabalrre tianbatding Meterial

., surface have_substantially simlar porasity. and )
withoyt qraspeeause gﬁaletrﬂ_ 3y 81&i0P RRICPRIREY chenaf fnplight scattering due to
oy 048 83 ROEPARLIGE, ARG A ALARBSTL 50 i o
lessentd. alnesiiablyi, thet light frandnaittpndei of theyeplshihgpat stbsatee desreases by less
erage | awer, than the sape erial w.thout_ pores. .
than 2%l 3 ooy AU L0" PR GHARLESS T o R eibe flrdur e peingepad
substrat. ThedeichaekBkén G g6tHEr, (WAl RRYenCRRVELBESH ktd 3d k6 8dflist the
abrasi on of the polishing pad substrate during

gain ophieiesfpaint desectips sydters swerttie lifisigia efthg polishang pagisubstrate. For

cxamd BT P50l 1Sy B A LR B L G SR B entin
can betdoatpafedBto @\elid,tdr@chly edlidiBol9tiretiage R@hdowhbMlle Pﬁgr art. Before
substrate. These changes, taken together, will |essen

polishpg, salidipobpysthine windows bave ensigiensturfape pipaeitiesithomeyer, during

pol IR0 S5 O I AR NG KL ol

properties. | Thgin¢fote; am smdgoistrietectitn sysenpoiusishe aastpatlly sdjbsed At@sponse to
e invention_can, be conpared to a soljd, or nearly

fot [ ar,
cach ngmag?r_n SyacBehiAaiien derpeorolishingp Gogirastingly, Bsrrafighing pad
substr@bf SR iM&ntisRbEn PPN Uret HRAE WirPLOVS F@gﬁ&%@@ﬁﬁw

surface properties; however, during poli ng t
unchanged dgnind endafte shtasaaatiriaggobshing sivhdhaithe erglpping detection settings

I nconsi.stent surfac roperti.es. .Therefore, an
can reig R 05 0y aBPT-pRSL o Rerdhy Hstifbing MechisBine g Tihtatced
[0028] N T&S pRRS&R T pBAs in BRVIMKIhE had Afbs&ste AT BREAvEdRh can have a
arises during polishing. Contrastingly, the polishing

signifigpag efer onrthe polishingsopertiesa thos exdreplienis swineleasesy tha ghres etk

. ' t.antii al | y. unghanged.durin
o SYEL3635 5 LSTRL AR SURRMAEHEL, LSRRG o o v
polishiap gpupierties diedt @ more shiilad 10gse RaRIHILFPOMioSBSthaRblisidg/pad. In
unchanged over the lifetinme of the polishing pad
some grﬂ}%itrpg&t% the surface texture of the transmissive polishing pad substrate is sufficient
to make the polishing pad substrate useful as a polishing surface without the need for a second,

opaque portion of the polishing pad that is used exclusively for polishing.



[0028] The presence of pores in the polishing pad
substrate of the invention can have a significant
webdogossoon t he polishing properties. For exanpP@l/Us1006/041421

sonme cases, the pores are capabl e of absorbing and

transporting polishing slurry. Thus, the transm ssive

regi on can have polishing prS{)perti es that are nore

simlar to the remaining portions of the polishing

pad. In some enbodi nents, the surface texture of the
[0029] r anﬂmlﬁ)ii'shaﬁg pad swiisirag of st 1ﬁu@ﬁﬁ)h®bﬁoﬁeﬁlysﬂiﬁﬁér@oﬁiﬁisé@a dye,

ke the polishing pad_ substrate useful as a palishin

whichcigablgg Mo iHbHFR O RISCEsAR By Alighi ol AdPATtisykg @@Vﬁ@?@h@h The dye
i B BN SR B AP P R LR b B v

signalitowneist radio ofpletecnian. | 'yhef pultshmg pad sybstratescan cdm@riswwmcslmtable dye or

may GRGRSE T B GPAORYE Dirge RULPTe $irs el BRp e el gl vi-
arylmb'tﬁg%%)yéﬁQZM@Y%%QBP&a{%ﬁmHthyQE ada (18)ARKGERIMNFES, natural dyes,

and t hus | nprove t he S|gna to noise ratio of
nitro dgs.evire S@rdyesr rgo dyes, shthraguiade dygss sulfir dyewand thegikies Oesirably, the

sujt se a L1
wanse e et B B0 e AR S e AR Dkl g psed for
situ eddplodt Mbtﬁ&idii rfébr@x Flea‘i’/ﬁerﬁﬂhaﬂl@ﬂt@%r&ffoﬂlhareﬁﬂp'fﬁﬁﬁudf&ﬁon (EPD)
dyes, aza annul ene dyes, natural dyes, nitr

systenave%HeNP la\S@rsW odyees ngké%hglﬁrh@ﬁmseum@k@gaw#O to 570 nm,
the dy%%kéfglrabﬁ%ﬁg? (ﬂg'}‘;je dtIH rﬁat ed Eﬁﬁbc{lﬁ}%h?’ 51%%1&%@?2)?&5159&1&011 is

ectru es or over
prepansd \bylasspiytodaladr Hlnngﬂhﬂ dﬁs(ﬁﬂpcfsuroni piros$ lané adpki ¢ thick segment of the

. .detection.  For exa e_lLigh rce for t
polisH R HOSIT o0 (P By el 22VaoHiRe Tesioe e vkl ogth of
540 td¥QAges visible light having a wavel ength of 540 to

570 nm the dye preferably is a red dye. In a
[003013 r ef &he pelishimgautidrspbstrate pithe Qtviemgorpm tefprodieed nsipgany suitable

tochnigf, B Y1 ShicLend KSBNERH Ml L GRERR e PHE i byt can

b d@aSedtH Fudue@brdceds th) LAH- 6celd, €\ sHaky ind el d
o P yﬁ(g?}l ng g Rfelvel e%b)th 0 H?Zo to%geaz) nml[OO:%oc?]ogml'(t:wess @

spmocbé acmm)gmpad(e% abiodak decempesiton, () arfolvsat-semsqjent induced phase

separflo 8 Y ELAU R BB PR BobBETE TN POl sii ng pad

[0031F ubsSTHeah®cellgitodess fvoties (%1) cbinbining apoiyaet bespr \Oﬁl@SSupe(r&ﬁtlcal gas
a sol - gel Brocess hase |nver3|on process

to proguce sixglerpheeSebe guafli)i &, N {0 ORE § Y lﬂaa&pa%@éﬁﬁs of fhedﬁventwn
from t%xg gsin legﬁla&gﬁlu‘&ﬁf‘ B Syy (Pther 1G4 ?:Eﬁjb@ f g@gﬁ'ﬁ& Peﬁmscﬂrescnbed

essuri zed gas injection proc
abovemc sipercpitioglesss s genetabekby( tupjectinga g am qb@lagadﬂempemhme (e.g.,

R T T

createta%pereﬂﬁéul sk ﬁlrvﬂﬁbﬁ he Sk Béﬂa%e@i"l@&@ﬂﬁi@l' (&1 Bupef@ifical fluid, SCF).
yner resin can be any of the gugner reS|ns

The ggﬁe@@rhe@dwdmxb@n dilengflaprocimbpr.diydepeslorelluprpenrbares. goyfreon),
nicog et otk Rbeh BPluliory A S BRI BN Soefibty oo
non—ﬂéﬁnMB& das 00 Bxadeh1 h gasiftat €deg bt Edhtain C-H bonds The single-phase
solution of the polymer resin and the supercritical gas typically is prepared by blending the
supercritical gas with molten polymer resin in a machine barrel. The single-phase solution
then can be injected into a mold, where the gas expands to form a pore structure with high

uniformity of pore size within the molten polymer resin. The concentration of the supercritical



create a supercritical state in which the gas behaves
like a fluid (i.e., a supercritical fluid, SCF). The
w@a®705390be a hydrocarbon, chl orofl uorocar bon, PCT/US2006/041421
hydr ochl orof | uoro carbon (e.g., freon), nitrogen,
car bon di oxi de, carbon nonoxide, or a conbi nation
thereof. Preferably, the gaggis a non-flammable gas,
for exanple a gas that does not contain CH bonds. The
. singl e-phase solution of the polyner resin and the
gas indypapglernhpseaiolufion tygigalbais 0017 tp?% aes 0. 119 to3 %h df the total volume
i1 i .ol t en ner resin.in.a
of the s EHARE S01blor M Sndbddi R b B et RO 1 vt
detail imJef: tPatknt 6,284,81 OThe midiesetiulah etridsre8x RAMES by @rda@ihfna
re stru Wi th high uniformty of pore size

cture, . . ) .
thermyoHe %fﬁ@%ﬁ& et sEieiitiase eadpiion Gite towmeidiy shansios the
) 5 iqn. 3
S 8B AR oo
the sotutival Nroleatien sifes atveths isitey at wihidsthe ddbaltédmolethies ef tidQupercritical

ddi ti | racess features are described in further
£as fo’g%tc Siﬂegﬁn 018%@?18@?&& B hgpomwys material grogy. oHag pumpbgr of nucleation

sites i§ édtiaedtall By AsSurth Bl TBA (RY nGhEAIrRdcIRatiJHES AP %yag@fﬂﬁm tely equal to the
instability in the single-phase solution (e g., %y

numberggsicails formehii thg polymer exgeraht Ty cally therthpmeslynamjc instability is
e LGN ORI PRUEE S R0 102 UG SR arporons

materi@] ¢a@ishedforriétl £BmithesitbleGHYARD IR UG SuRib1E B8Inique including
supercritical gas formclusters fromwhich the cells

extrusiqn ipfoe pRiYBeisshiel er-uirusiemovt mulfiteyeushsets, infection meddingn
comp bR B SR T 5T

thermabrmizlg] andflamivetionn Prdferably] thewolistaaepiddubsupi€al the.porous
s induced at the exit

materigh 5 R PPN ORARISCROR B s THATROTS g ELsass material i
at leasB R pHr &iﬂtroﬁ&?bﬁﬂfe%&ﬁg&%’{t/l%, E?éssﬁ_@,%n@%oﬁ@énﬂﬁgoﬁ 6P SRercritical

si ngl e- phase sol utio any suitabl e technique
gas, andesinehdnatipne sitereedi on i nto a pol yner sheet, co-extrusion

0052, RSB S S0Py B S B BSLPL SRR v

networfkl (efB., stdgineinetwdrk) RRARDA 0601 INEble A iR sBFhdeQfea, and pore size
Preferably, the polishing pad substrate (e.g., the

distribgern ysuckdhrseiditnynsienal setwetksiye.esalvzals) oan g priepjred tisiog a variety

di . i ze. h terial,i t
e LU B S SRR Ty b o
“one-patiy notineahd avo-erepefiethdd. Iupes Mlethot CalilgasSaquait solution of silica

conbi natiqns thereof. [0032] The sol -gel process
(e-g- SPE\‘/‘B} ¥ %atsﬁépﬁpéfﬁéwﬁtl%womanawsm ewadgnsep HedesnapropratglpH and

salt coﬁé@n%ti?xf g(gfagtk%éﬁ,eto%rm gl s@lﬁ%ﬂ%a@% P{Q%)ka ngdpgﬂg t%%ilcekl énethod

' contro ore Size, surface area, or €
involvel the msdof metal allSudbe pleresedi(ern M@RI), wieksinM s $ii AE.Ti, Zr, or a

.S0l -gel s). ¢ be prepared using. a variety of npethods, )
comi e S SR o B, S o b S taced i
solvent EtiltalfiR SIS 28d 3h &R ohEL, gnder%cﬁg%drl?fggié |)OF ARG 4 hnds and

two-step nethods. In one nmet ute, aqueous
condensafiien (e, Roflyconfiénsatiqry resultingriditheosmbiicaoBy-OMmkpgsdeg., Si-

0O-Si sﬁ\@la(ﬁg liﬁfgé)g%g)fa %pgyo%gﬁy,cc%%ﬁjﬁ?sss%%h 1 gr%gic %gi%g ?JJ él, ?ItC a%‘g baars]eds (e.g.,

ammonia) can be used to improve the kinetics of the hydrolysis and condensation reactions.

Two-step methods typically involve the use of pre-polymerized precursors such as pre-

polymerized tetraethyl orthosilicate (TEOS). As the number of M-O-M linkages increases, a



salt concentration conditions, to formthe
silicon-based network. Another typical nethod invol ves
wo b@70swonf netal al koxi de precursors (e.g., MQRUZ2006/041421
wherein Mis Si, A, Ti, Zr, or a conbination thereof,
and Ris an alkyl, aryl, or a conbination thereof)
whi ch when placed in a sol v?gt contai ning water and an
al cohol , undergo hydrol ysis-of the al koxi de |i gands
and condensation (e.g., polycondensation) resulting in
three-tineenkion it workas fovined MHléHﬁ@&@ﬁs fc@edthat 4pk filled Qiith solvent (e.g.,
S|onane I|nkag s naIIy catalysts such as
water)y  The solveat epn heeexg ang t (odorrp @ sfuctugaistaied o anf
e
alcog@ Sgﬁﬁg aeli/iﬂ%drrlﬁ'f?fe aoafct%l éo %)gvéﬁ%_%ﬁéaﬁg 1&4s ttf@cgg}’@ga%:léé X Fmaﬂgl of the
solid ﬂlmcehmnmtmal wsevork regsnkingah jhﬁbmzz&d)nmfmrmt sAsnmh paferred

. | t et | th | . 0S)..,As the
cryind {SEBRO PG APRITCS FHEHEL des st o SEBHE P o
d1merﬁ@hméﬁwbﬁ( fs%ﬁ@‘é‘nﬁ‘@ﬁl Gﬂr&‘%h aBﬂﬁer&@t‘ic%? cktBRbioR 'Eﬁ)ﬁa'lllyl ifblves

with sol vent (e.g., water). The solvent can
combigjnghe g@ltﬂ thirqerdimlensioml netovoido mitha siitalle daw mqimw@dghto
e _sol

expaaffhe et GRAGS o ARG N BERLE oS Bl i pEReS T b o, or o,

gas which Ilsdaobbmgﬁs}@d He1Rab/esladnt RRENVBEE) efnﬁsa%lyﬁﬂ? teﬁlp%fh@ure and pressure
formati on, of a xerogel. A nore preferred dr

to the graghg ‘iﬁ‘&’éls afpyecthe gabenl ﬁ@ltnt pethg Ieﬁpqﬂdl@ﬁﬁﬂhrﬁ @If these condltlons
r
iois G UG G0 D5 SR ALY s
then stqw\dy dxa;l/éryd tmalto)lwms erpanidiny apgnt thelifiadeioaht of the vitrified structure. The
thre i mensi on Eetmork wth a suitable | ow . .
I'GSIlltl!rng |S@C%ﬁ tweql,grﬁ%rrg ﬁ%%%eber%gfé,has egq}elwc lagpoze slEpSyre in which
the avbﬁg%ﬂe' seAd ﬁﬁ PORE AN AbtribB80r SinHeEDRRbII S"i{&h%%ﬁ)%glellnatenals can
or gas which 1s accorrp? (? by gas/ sol vent
be tragspeteahigelisiblecr apivialetdight ham@a stavelength dbqweewlm Hybrid

orgamgxlg%rgaﬁtﬁ 55]:%% Er?atte ! ?oo%/aﬁe‘ttéegrea@gﬁald%ni 'C %rlr?g eas{1 part1a11y tlgansparent
Hybridl kéltdel hf‘a@éﬂamlyplﬁﬁmsﬁdpkéﬂﬁh{diglsu@' chl@ﬂﬁdé‘l@fécﬁﬁbfs%n&ﬁmﬁé‘Eoth
solid material can occur. The pressure is then sl ow

inorganiggndedganic atoupsy When éilgaﬁdim@smehM @d\/Imetvmrkes @zrmedﬁ“rom
such ptr&%rs\é!rst ':dllef érggmg %gf g:‘fs% gﬁngl%ecgﬂu% al%re f)géj e]fn|s1 gieofl)org Structure. The pore
size cani I&r@me‘olled thirouphirtie sdléatioh Of én apprmbmatb otda8icpt 6t JEX Q165 of

e and pore size distribution can be control] ed.
hybméﬁ&’iﬁe]d@?@’@%]is Thelidro B ROy P & g el aid-golymer

hybridhatdfibicavi ol et light having a wavel ength above 250 nm
%r|J organi c-inorganic sol-gel materials also can be
[0033} r ardpaheset invmioaprdoeesmwiaeﬁ uha dispetsioansieatremely filetprattitles of a

polymE S O hT B € S BT T o Oh SRR 1 gy agitated
non-scﬂ{/@ﬁml“ﬁe 961?1;1'%? reku?aﬁ 1 ahp b?%e%o![‘ﬁﬂé" 88ad dégbx%eM AL UOTHe non-

is forned m such precursors, the or gani ¢ groups can
solven egobrearny wifpeld solrvsmtdvavnig@ high Elosy-ﬁhgglusr polymhescpiwre interaction
ed t hrough. th

size can nt.r ol
para o B ot Gt Py e G B o o S Befgper-solvent
interadidhe Etﬂe&h§culs§é@.|u‘11 #Rredayii ROR ¥aMadniy br. h@th@%l%wlagse@fe@ices

nmet al oxi de- (f/mer hgbrl d materi al s.
Polymer Data Handbook, James E. Mark, Oxford University Press, New York, p. 874, c.
1999; Oberth Rubber Chem. and Technol. 1984, 63, 56; Barton in CRC Handbook of Solubility
Parameters and Other Cohesion Parameters CRC Press, Boca Raton, FL, 1983, p. 256; and

Prasad et al. Macromolecules 1989, 22, 914. For example, when the polymer resin is a



[ 0033] The phase inversion process involves the
di spersion of extrenely fine particles of a polyner
WO e®ns9hat have been heated above the Tm or TeCDUS100€041421

polymer in a highly agitated non-solvent. The pol ymer

resin can be any of the polyner resins described

above. The nonsol vent can be,any suitable sol vent

havi ng a hi gh Fl ory-Hi ggi ns pol yner-sol vent

interaction paraneter (e.g., a Flory-Higgins
thermbplhgicamilywrathpae, aﬁatomatlgre&mt-éasddimﬂylﬁetﬁane ﬁmﬂgly polar solvents such

o cnBTELG SRl LS SE AR A5, B2 Si el LA

dimeth ?&frﬁﬁﬁ&’é (DNI®), Y4B theFalethald ﬁﬂ&ﬁ@cﬁ‘on &qame]t@fﬁéss Ehan'\@ﬁ Knd will act

Uni versity Press, New York .
as gocdesptvhn@u biyehe @hlgmmer. A0l thﬁsrthardiand ﬂ%ﬂqcaﬁﬁbn saﬁentBamlms

eyl O PR S PTG ftve el IBSE oA G EoE 21O fpgn 0.5 and
functiBn aZpéor s@ﬁz@nﬂ? loR Sa¢h-&ilvets.” Nﬁﬁ‘é 'Fl’cb'f?ﬁﬁ%ﬂin@ $nt&A8Fon padamter is

1A, For exanple, when the polynmer resin is
sensitiyietie fomaipsr e se apﬁ@lvgseuﬂé@mmaoo polaerehhigh tenperptugrsgety become a
) 9l ol 8l n uch_ as_et.her
non s@%ﬁ‘t%@ got\%? o?e%%%%gm éfer llgﬁ?%er%%k\érgg &ﬁl(y%ﬁ%)re’zs%l par{urﬂgs added to the
non-sélivemttihytaes tthatiaepd iKY residiparidiasl doaheoa s fiem(ibva)ly agiildrils and
e like have interaction paranmeters |less than 0.3 and

ltima&gmas adhreer, imensipmalpnlyar retwerky khsaopsplyentmixtyredhen cooled
caus1r%fytH? ﬁ%@ %@enttw % ﬁfcibﬁgcrétgl LS wiBG R hroy. ﬁirﬁé}%ﬁgﬁpolymer

ut ane, anes e an interaction
netwoplar 'ﬁlnmteetulugg ﬁmtmal ishgrolyn & materifluneingeobasicpagrore sizes.

ts or n- sol.vent s Fi or
100347 1 e Bl SRR o iAo oot R cee e dmebyes
contro‘ﬂ%g/@l@ &elﬁls@amfesarﬂ/&%ﬂm@ﬁy&ﬁh oty pBl;%brI;%ﬂKHﬁéré}ﬁﬂihﬁé ora

becone a non-sol vent at | ower tenperatures
polyrrwmgpntomxmrnesome Ity rnere ﬂ@snmpsa fioincd singlecdiese neglonheto a two-

Ncr eases
phase {80 OB RS RRE Sl TR SRCoplaii i or ingea
decontﬁokitllaiﬁtoﬂhé SyrAerthix@8e di1®dtst. ODatonRIsitivRIreRES 16K Kprod &8 by
non-sol vent mxture is then cool ed causing the

whichrporpl yaerRelymenmizpsn changss éﬁogml aereqyibpivet Bhags toranequifrium
phalset lﬂ‘[ fE: sg nﬁﬁﬂﬁréﬁﬁﬁ" t%/lér)rgr%:é( %getrr M}g%c&bg rge%hjt!l\;é 418 that ghase

m cron
separasuoﬂ@f the[pbﬂ)j&ﬂé:rs '(hE fophatinghedf aqufm@smhtenal)MHasm@@aﬂatmn of the

t | troll
PolyICE LG SO Bl RGNS FLISFRRES FoATRg) THetatbns i the volume
fractiddO Y TR 5iROAN %ﬂéntﬁgéff ﬁnelorﬁu@ure o4 MARE W?ﬂ’ll r¥ bt (8 sifali Ractuations

so as to nove ture froma single-phdse region
in voh'umt tragtienvopithserequigésomicledfiomand ghowth mnachiws @ phegp-separated

R T TG R T

two-phdde r&8oP gl@c . @BSbiaydaMok §ﬁhn@daﬂ’ (2 (343, rresﬁﬂ’tls YiBle fGi‘rﬁfeItiéh%f a polymer
changes from a nonequilibrium phase to an equilibrium

materighbaseng twe phesess gf hedalymasgnishure isHeddnrwish e selveyt omfa gas, the
b1pha é&lgxglle? W Ye%at &/ﬂpg(gf? 116\r£190 fnlfg’rﬁnt {;)]rae'g f @% etﬁrge &aorﬁltle f))hase-

separaﬁah errhabeol,ynmrs pb&s@ly? eqapedd the peifmeh fesipg | dgseibed aBoh e
ol v IS spontaneous In response to smal |
[0035} | u &hgéplvgﬁ’gnqrhsqlmpt instugegbphase separation process involves a ternary phase

system where a polymer is dissolved in a suitable solvent at a suitable temperature forming

continuous phase. A suitable non-solvent then is added, usually at a fixed temperature, which

alters the solubility characteristics of the ternary-phase polymer system to effect sequential



fraction. In the binodal region, the polynmer mxture
is stable with respect to snmall fluctuations in volune
wo ea@cHsdm and t hus requires nucl eati on and gr oRtTIUSIH06/041421

achi eve a phase-separated material. Precipitation of

the polyner m xture at a tenperature and vol une

fraction within the two-pha g region (i.e., the

bi nodal or spinodal region) Tesults in the fornmation

of a polymer material having two phases. If the

phase pqiayzrtmn Mihetshea mcﬁpﬂlcﬂdg}ncam Hehoatrsld)édllgrﬁhaﬁgmg t@@&‘o.lvdnkyﬁon-

c ria contain sub-mcr
Solverﬁs@ £ Hie et e Prba 6t atltast Frst BRESLSHREPING bR MepRerphology (ic..
pore s&ﬁ!:ﬁif@ b$ t}férr@ﬁﬁﬂi@éﬂéeﬁﬁ&ﬁ&é He htegt%ff?l‘l’ilx)ﬁg%f sBﬁ/%htnaﬁld non-solvent, and

descri bed above.” [ 0035] The sol vent-n
polymiendelvent ipferestonse p/atcatdepcnqmmtd:te slifférenaslin sslubﬂntyepa:ramyters for the

S LT T AN R M -

1:10 t6 QMO0 WBE chi BfoRide Filfd 'v&ﬁ%&esﬂ@ﬁgﬁg iy §Ré bREMNO] Ficrons to 10
added, usual I%//S at a fixed tenperature, which alters

micropsh OROEAAINLE 0fsuch artermerarsysiends a pratarAAME Y RYAL- (sthateae vinyl

T N T R e
mixtuseqlOVESHt by mesghlt MSO)‘ at30eC rekks phy sibeahtidlBCintrconhb&@td porous

are at | east |n part resBonS| bl e for the norphol ogy
SheetW}théore%%?Pén regefd)todp miggnsesyl ting sheet i ncl ude

[003 6} he "ﬁfe?d’r an@d’%ag Q?Qétloﬁg)k&fegst in\?ﬁﬁrgﬁ%g e H" ﬁg& ’teirﬁééqatures and

vent eracti ons, epéend
pressumsftf) doren asuparcrtodaliBirldi gay ipanaoikd polyniep sheeheorperisymes polimer

. vent .and ent
resin. JF3E R TaRY S Bty B o L Rp i descriPehioveo Sold extruded
sheets hrepldcedMiir&dn @éﬂp&ﬁtﬁf‘@ ifR 4 }‘:;lxjeﬁré%és'éblp A 8D efcRiRgAl %Qs géqg N, or

Sl ze fromO mcrons to m crons One exarrp e
CO,) is gddeddtotthe msrsa;l andsthe essel 1apmsw®mmm@cmy¢ éoree an

approp%x#a@%%ﬁ}g% o&é}lx gg]ag ?r:xtﬁrig %%’ PG @i}ﬁlp)? L 5% %)e%n Blgpount of gas

dissol v ig lilie pARREr I@tdlljé&%leMbhﬁ th thefappUbs b@@&ir@héc)érdmg to Henry’s
i nterconnected porous sheet with pore sizes in the

law. Ipgrsgsingthe femperaiyrawichenelympogmst invrrasqsiesmin ¢ guger of the gas
into the %bn_fé&é a{)t;hurt Qfs%%géaéeg\{}%l ayn?oﬁ.m{t ?)P géjsstﬁat%fanla sg(l;lve n fthe go}ymer sheet.

es and pressures Oorce a supercri
Once ﬂhb lgadh@ahonongldyaamtdtédjthp pblyrer, thé sledet @qembv& fa@mahe pressurized

nmer reS| oly r re3|n can be any of the
vessel 3{% APt gpoREn E‘?”&ﬂ’é%ﬁ Lo ol 5a6S Tangng Mve S opiesns to 1
m101f01'?l I8 detifge QIG%I}FIQ&'%E& 'E.B?Bé‘&ﬁiﬁﬁg' h@%% % B ﬁg%gg gr %ﬁ%ﬁtélﬁ étate. As

A supercriticdl gas
with thegpyesdl], prams,tth@p&resszelof t}fe Hmr@ssmattemdds atdeafst irepat controlled by the

i cient toforce ropri at.e anount ,of the.
termpefifich e, 8 oBEeRn O s Dorribed Sreapd Smbigidiereot.
[0037]0f  ORBertihg %@11&&1@;% %Bﬁrd@@bf’ﬂﬁ@ hnveRiti6h E&ﬁhjcu)(es only a portlon ofa

proportlonal to the applied pressure according t

polishigpag; the pakigh m&mdesaba;twge @améoetreﬂmcchm @polﬁslmrtmpqdolsymny

c f fu n of the
it SR AR E P8R8 LB Bu 0 AT NGBl psine
pad thmagh thiessselo¥ edhelivieheT d'lﬁﬁfng-"ija& Stibst@RC@ntbRen@asediaf the top
roughly saturated t ynmer, the sheet is renoved

portion P)gt,hp PRlsingRad (i dhe pohshmg surface) or can be mounted into the bottom
portion of the polishing pad (e.g., the subpad). The polishing pad substrate can have any

suitable dimensions and can be round, oval, square, rectangular, triangular, and so on. The

polishing pad substrate can be positioned so as to be flush with the polishing surface of the



vessel . The resulting polyner sheet typically has cel
sizes ranging from0.5 mcrons to 1 mcron. |If
waele®ir g1 t he pol yner sheet can be qui ckly heaP@dUsmo@041421

softened or nolten state. As with the mucell process,

the pore size of the porous material is at least in

part controlled by the tenpefature, pressure, and

concentration of the supercritical gas, and

conbi nations thereof. [0037] Wen the polishing pad
polishiighsitl] @t n bk réd&%eﬂrﬁtﬁmthethclﬁng turfacees tiotishing @ad.i The

of a polishin ad, the in substra can be
Pohshw&mfig:an F‘mflﬁng? cﬁw qr $MITRG %& B%‘P%%g ?lb§‘l’j’f1t?%\ tge mvention. The

pohshh%?l@'sﬂﬂs@rat& afi b8 c@d i s’aﬁﬁﬁlé gbﬁﬂ P8 gl’%%ﬁlgﬁlﬂ% gad relative to

nDunt Fntd A po |ng pad
thecemtﬂhasi/&rqmnpﬁérgqﬁdiemhshggpadi substrate can be nounted

onas 1t ey SR IO, oF ANcBRLL MG, Rt 9y L1 rate o

any S&QBI% 'p@ﬁs}ﬁﬁg bﬁf—‘mﬁféhhls ARG oPdthidherknowhf e BRAThe pdhighing pad
ol i Shing pad substrate can have any suitable

typlcaﬁy ireonsiquser ey peiallly srandugedt. Dheapolishipgapaé can comprise any suitable

porE B 94 ARG i SR g e U e
from tBe lgtonpicobsiSti gfcﬁ'@ﬁerﬁfoFIabﬁ@ﬂb$t51hbﬁgthﬁﬁﬂopl@dhcCp@[yubﬁhanes
recessed fromthe polishing surface of theoﬁgl i shin

thermeplasticpely olefinsspolrgyisaes: €%0@8W¢%B01§M@Y@}C kenidpn% he

h
elastofﬁgbb ﬁ%’b%% glg oﬁﬁ%ﬁé %)512{3121?16?&5625@5 glf:o'e Q}err]llaﬁ
polyethy]ehabﬂaphmahtd; pollylrmded; ipelyacdnnid &, pglypgdienee,lmﬂyst/}eemss t he

polym%ﬁaé( rg%pgcgg]l/ ‘8@8 ygqﬁ? f t n g%%e?slht ?Ff%?r‘g alg-gdio%shmé pad can be

SR e S e

extrusgmg soltﬂh@l pahéls bastigg paeer slylpnmgj ﬂhyrmdoxmnag;,@ddhe bk¢- yThe polishing

rtially.transl ucent The n co .se
pad odf i sof g PRt ol PRt RS RES oo oo Pl fgem cels
or canR@dtalyPTBRNuk Yveb QRS WHRE adoBRht HAE bé@sholdsel ected from
the group consisting of thernoplastic el astoners,

[0039} heBedishiag pads eommmyising the peléshingpadrspsteie picthp srvipatier have a
pohshpn% Qﬁ?ftaé{é’ \%ﬁ%ﬁ togﬁgﬁéflgﬂ{lﬁg%ac%&%nsg aé%ﬁé{&é%y&%hﬁ&? Whd/or perforations
whlchﬁ'@ctmatd‘t}db enesl trpepyit ef pelishiigroeatpoyitieneacross the surface of the

ol yet hyI enet er apht ha| at e, pol yi m des, . pol yar des,
POhSthﬁl gﬂér Pl srsoovs%apwlfs Wd%er OFBloRR Y w&eﬂ%@%&m and can

have aglglg Eléptﬁ 58 6ol 'ﬁitﬁg r%r 1%1%1 LR REROfwo (g}ﬁore dnit;ergnt groove

i ng pa can e pr any suita
patternsy zﬁdrwdannglea qunehinatmn df rhqlrgc groonesmidohnmyL grbd e asdesdiibed in U.S.

e i 0 sol uti on or. | cast i n fiber spinni.n
Patent 3,0, Thegooves g fein e Soro e 64 RPTES: SRGOuL Shagves,
spiral ép&m%ﬁrg%ma 0P cE3s8hat SRPat ) bad BarTb&ERRIRN O OorHofSBtinuous in
S, can contaln open cel | S, or can cont ain a

°°nne¢t“‘bW0 (Peefiesblio theopalishisls rad pomyprisss ahkesstisewt] grod\te groduced by
standa%%osc?%og)ta%oﬁrpg!tIi;r;:lgthgﬁds conpri sing the polishing pad

Vention have a pol i shing surface
[0040}Nh| Cﬂbll@]ﬁhg ?B@d dovnpirisirda e pelsiRTg FESuBStamY 65the Gh@AAG! San
orations
compnse 1n add1t1on to the polishing pad substrate, one or more other features or components.
For example, the polishing pad optionally can comprise regions of differing density, hardness,

porosity, and chemical compositions. The polishing pad optionally can comprise solid



which facilitate the lateral transport of polishing

conpositions across the surface of the polishing pad.
w@Eeh/osgoeopves, channel s, or perforati ons can bRCT/HSZNG041421

suitabl e pattern and can have any suitabl e depth and

wi dt h. The polishing pad can have two or nore

di fferent groove patterns, igr exanpl e a conbi nati on

of |l arge grooves and snmall|l ¢rooves as described in

U S. Patent 5,489, 233. The grooves can be in the form

particle$ irgludiigebrgivaopeeiiclec@ie,anétal axidy protiess), sqlimat paticles, water-
circul ar grooves, XY Crosglgﬁtch pa te%ﬁ a{]g can be
solublg GRIFIRGHR R SATTLEHEF R BBL0Y HeRGIRIeRd F e
r efe: XY ' i |
[00411(;> ]E%h@igh%‘ %%sgtggﬂ)g{?i tgﬁ %1?%% ARUbs AT Mihé ﬁ@%ﬁuﬁﬂ%%

rooves p d condi tioning nethods.

particjledvi BjiteBdbi weiim gongaaistionoviflr  shengjcalimeqbahicslpotighipg CMP)
ubstrate of the invention can conpri.se, in addit.ion ..

SpPar. | NPT ARG H CCTBSTs 2PN gY THSREn ioniin Hotion and

has a &&@Jiwtﬁfclr@sruug HFRPHBRLS HinR! orkRURL rotibAe P¥Msh®Bipad cB@Prising

optionally can conprise regions of differing density,
the polishitgparksubpioate of the, ineantion freedndadt wabrthoplatansng monieg with the

pten e SO BSCR LR PO  hASRRY) hfing
movingdtlati¢é ®3he sud€dcy BE thelplikshia s ﬁéd Thad polbingIfehep@otkiptdce sakes place
wat er - absor bent particles, hollow particles, and the

by the| wezkpieplping Plpesd igriontgchwtl theapbishiag Rad enbthe fhegtlishing pad

: t . thei g . ' i '
o R DT SO bt s s
abradpatllessha portiotiPiheapqpite ®. poligh ileawdrkpieth e Thppaishingscomposition

. conprises a. platen, which, when in use, js.in notjon,
typicalltgbmRESs alidbelraien G- MAGHFAE CriShh P #apsion paptionally an
abrasiP&. BFénindlonRE LR of FdPRlit& el RALh&D Wﬂ&ﬂsﬁﬂg{cbﬁ osition

pol i shing "pad substrate of the i'nvention'in contac
optionaly maty Hertlpdr abeprise oxidiin gagendst drgetie agidstcompldxang agents, pH

not i and a carri.er that. holds a rkpiece, to.pbe
R e LN R e R S e
apparftt AR a8k st ®OMIS fpagatRachany BE whIh F8kNGn©fn thBert. The

wor kpi ece takes pl ace by the workpiece bei n% pl aced in

polishingrad comprising tthepqlshingiiad gusirgtesnidhe Wapntianelysorandigiused with

. pvi ng relative to the workpiece, typically with a
hnearg)gﬁ?hg%éﬁagbonpositi on therebetween, so as to abrade at

[0042] eaE])esﬁalﬁlW ﬂhﬁ @MB}‘appaEetumﬁrrﬂﬁr esapiises pokiz Sh: pdishing endpoint

wor kpi ece. T olishjng conposition typically .
detectiogyptrgemany pF YXE%C& Eaknpqvay intge grt. T aﬁmw?é dngpsflinggnd
o RSB ot 2Rl 0, ARy DRESPAERR ot
of the sarkmisdet aro knopt irothalatty Swely mfethotik ere deserjired sfor exanaiple indJ.S.

patenC P S0 P Pt 30 1 T bk So0Rtt, T B o bue U,

PatentP)65¥, £33, @Sl okt b1756,647 NG SCVRAPNEI 4475 (LR P&t 318Y2,633, U.S.
suitabl & CVP apparatus,” many of which are known 1n the

Patents,893, 06 Up® | Ragdnt A§4P.287 camdpy.SsPatenttSh04puidi Iashaplpatie inspection
or moﬁ#%irgo%lﬁlg? ig)rg)ﬁ%egg o{ tgx\gl l%ghish?rrl]g grlo%é)ss Wit Ik%gpe% {%da \\/vm;)rtkff)iece being
polished enables the determination of the polishing end-point, i.e., the determination of when
to terminate the polishing process with respect to a particular workpiece.

[0043] A polishing pad comprising the polishing pad substrate of the invention can be used
alone or optionally can be used as one layer of a multi-layer stacked polishing pad. For

example, the polishing pad can be used in combination with a subpad. The subpad can be any



[0042] Desirably, the CVP apparatus further conprises
an in situ polishing endpoint detection system many
wo@Roorissobt are known in the art. Techni ques f orPCT/US2006/041421

i nspecting and nonitoring the polishing process by

anal yzing light or other radiation reflected froma

surface of the workpiece are known in the art. Such

nmet hods are descri bed, for ]e@<arrpl e, in US Patent

5,196, 353, U. S. Patent 5,433,651, U S. Patent

, 5 -

smtablg sg%%d litatde &bpgg% gﬂ%%udg pgél%ré%ﬂﬁre suﬂé’?&?@(@ .g., Poron® foam
subpads, fB88 R@gar,s Gon&ratﬁzm) elmpngI&del fols subnads mll@mpemus polyurethane

subpa; GESIEEES Bl HRPYe. (s HAIGRt Al oo R ELAiE ghgfne ped

comprisit tAE 981& e s‘uB@crd@@bf B iR@nH6© SRBHetdrd iy mﬁﬂﬁﬁ)&nﬁr&&ble and
a wor kpi ece bei ng polished enables the determ natian

has a lotven $lwrpbiridaessivgluetandbe nelishingpad. tHes cyanplenthnsebnsd cap have a

t
Shore ?ﬂq rbegsr {) 025'3} \ih/&rs %F%%éa 5{1%81%3?{ %%Sé?c‘d 1@“%15}21& 8 %§§
compr6RiHE,iandl hgs 4 highpo$habhadngadhaithe pﬁlﬁhﬁig)ﬁadt h[éhe subpad opt1onally
i nvention can be uysed al.one or_optionally i §ﬁ1
compriggs srmws@ly]éqnnelﬁ Bollay seetipngy @’ﬁndﬁ“éf'c iirscﬁﬁhﬁgl Fad/hen the
pohshg% nglﬁ (93 llﬁventtllaﬁ 1PXehi$H lc(gﬂblﬂﬁt% gu%gaﬁg%)gibaﬂy there is an

lon wth a subpa
intermadigtebacking éayen byxdchs a&dy@}mlmeﬂa&n@mhﬁatb fidhychextensive with and

ol yur ane ads (e.g., Poron(r) foam subpads
betwe$ Qﬁ%’é‘i‘ éﬁ”g&]“‘é?‘? g i npregnated felt subpads,
[00441m C%ﬁ@t{lﬁg_ﬁa&%@oﬁiﬂrﬁ{ REpSldRRRdsad sObstit@lFHRsdinveRidndRS suitable

e subpad typlcally I's softer than the
for usqaml poéxlahmg Irpaal tnmmrf worlmgedes - o sub§t:ratﬁg opwafesyad watkpiece

T R N

memo%ﬁétbl%@b ﬂ@v@@dsenﬁ@dimﬁﬁéﬁﬁ@h&traieb Cand 38 dulsstriated aBitable workp1eces
hore A hardness of 35 to 50. In some enbodi nent s,

for polishppmwith sherpplighing iads inglile msmE 5 rlsqdedlslﬁn@aﬁ%f‘éwabeads MEMS
ol
i oS I SR80 1500 G s,
especﬁl&?jztmﬁﬁslecmﬂikdmuaiﬂ@mmpmm 1nalnidt1mg'lh1ybns Keg., Yihieon thoaide, silicon
pol i shi n 5 i.nvention |$ .us conbi nat.i on

nitrideypg Jpvadie s%dnat?% c220(0y RO R o S tantatum,
tungst?ff‘ GRS R kIS HERIAT ﬁﬁ’ﬁtﬂﬁhﬁ’ ?ﬁtﬂéﬂlﬁﬁefh%ﬁﬁﬁh ih@h#t & other noble

coextensive wt’ nd Between the pol |sh|ng pad
metalnd the subpad. [0044] Polishing pads conprising the

ol i S rates of t e |nven ui t abl e
0045F o, & Bt ehEsp e A s g Cyinaf ¥ R be i Bty 4
chem1§élk}ﬁédh§ﬁ1%§1 152)'11SH&§§ eCHIP) 3 uhREK P b 861808 IdeEdADSHitidO b bimodal

exanpl e, the pol rshing pads can be used to polish

deconms%pn,ecu‘@gsolmt-um-ﬁ@vwn@iw:e@p]@asgg@a@j@mndggcess The method

senm,conduc sub
compr i PR P g B8 o R BN ompriging o
polymRa£tSin dissoli@e ifie 8elk¥ntaherefog) @) Ehd&kl&g alﬁhgﬁ&itepa‘raﬁemdsthe layer of
MEMS devi ces, semnm conductor wafers, field em ssion

polymer sqintignsto prercs mireptimyQys pelvararTishipbas g ligugd solvent-rich phase
| t 1 _
dlsperlgezlgxgﬁg idﬁé/ Cqﬂélﬁ{églg 1%‘02%% g% n(E)Zst ‘ﬁﬁli@ﬁ@ﬁﬁé ?dr@%ﬁous polymer
rich phase to form a porous polymer sheet; (d) removing the solvent-rich phase from the
microporous polymer sheet; and (e) forming a CMP pad therefrom. The phase separation
induced in the solution can be a spinodal decomposition, a binodal decomposition, a solvent-

non-solvent induced phase separation, or a combination thereof. The porous polymeric sheet



nitride, or lowdielectric materials) and/or
netal -containing |ayers (e.g., copper, tantal um
wa evges®eor  al um num  ni ckel, titanium plati nuPET/US2006/041421
rut henium rhodium iridiumor other noble netals).
[0045] A preferred aspect of the present invention is
a method of manufacturing ajghem cal - nechani ca
polishing (CWP) pad utilizing a spinoda
deconposition, a binodal deconposition, or a
has a p@rbsitsnin-therange bi/2hto 90% ené dompprasse perep Anving en aperegepse diameter

. The rises the ential steps af (a).

inthe ¢8R0 U p 4 BRSBTS FreiRlion e, a pore

size AREIBUIBA ifi G8ich 7805 s0hYRb itRe ForsOleVENelERIRE férous Mhterial have a
i nduci ng a phase separation in the layer of polyner

pore sizg|distiibutianoigidadn ot less,aoore praderablypd ymmor lesk Slonpthe swerage pore

and a liquid solvent-rich phase dispersed within the

continuous polymer-rich phase; (c) solidifying the

[0046F ONt A @Ab@tlsd AekMpiRd diindaaaR1 §pdnddal ARNIPRLELE pRYRE o form
sheet; (d) renoving the solvent-rich phase fromthe

porouppRlyBIsHE sraserisd gamdie fowedsin A divasadery ak dewrnabo/aP anmerpSedence: Part

h a ragdRn i nduced in the
bedgﬁﬁﬁﬁgﬁgggﬂ'g%gg'gﬁgﬁgggﬁ?%%gbnposition, a bi nodal
[0047H e c cArpeiseintatio of a digsid-N@iid phase sgRlratntdiddgimagd pohase-solvent

eparation, or a canbination thereof. The porous

mixw%dgﬁ 7 1 g ebt Haaphpsp dragsm ip Fig t shovrsahgessor agolyrper-solvent
nﬁxtu%@aé’aafﬁﬂctfdﬁrﬂ%fttrﬁﬁéaﬁ% @3;%)!?%\4158? %{)%%V/Sfuﬁ%eﬁm%g (x-axis). In the

dianeter in the range-o m cr ons,
phase dedgean vEFig. hahe polyper & einzdetdiysblubbaini therregongof, tempratuee and

coun gk SHEADU SRR MR TSRR0r, TG00 L0, ROLED, anc

curve & refeitcBYb bPtheQpinBd AT Abn | WiiSeasTRE RoRmectk & the : Ve and the
| ess fromthe average pore size. [0046] A detailed

DBF qyewecisirgferrethtoods the himddsl regian.s Bhase deparaismorgoussiwhienrthe temperature
r 2 far.m S. polyneric materials can be
and V@%%% gx%?ﬁé%faﬂay@%g%gj{)ﬁglcp%%u rnal of Pol yner Science:

[0048Par tFdB eRahylerit ti¢sipetatur¥Y@dpresdated B thd BAOX 18 BGuid IRRA phase
2%9047] A schematic_of a liquid-liquid phase separation
separa§pp Pt Bhers tholiperaresey/baspitpdal vRC curvshiowmingn palymer-rich
. . a i . 1.
i s AR CHODRAU b SRS P59y o
removayefssolvent sl tsialaypotymerid maeridllewingalifférentsizes)depbtifigién which
hase .di agram of Fig. 1, the polyner is conpletely .
phase SFRABNREG RSy e AP RIS RcE A4S DA A 1 Fig, 1), the

ol 36 A 08816 L Bt o

solutiansihavidglirelrigily low phlymensortchetratings.oBinhiddrlye extativiely dddEe polymer

d_t he. DBF i f .as_t he bi nodal
sheets S ARG DRI 105 661 26 s BB W G B ot
0.01 t@Pchividhs) e Edst&binORateabls haiihp ia@elhﬂ*@el?ﬁl_gh%dﬁﬁer ! ﬁgéh%]ation (e.g.,

_For exanple, at the tenperature represented by
at pointi(pia the dgstanyef el Dguhgoptmass @ polymer sheet cast from a solution at a

polymer concentration at point A in Fig. 1 would have a relatively higher porosity (e.g., 70 to

size.

90%, with a pore size in the range of 0.1 to 5 microns). Furthermore, the interfacial tension is
known to control the phase morphology. Hence, one can manipulate the interfacial tension by
adding common surfactants to the polymer solution thereby controlling the pore size as

desired.



separation occurs where the line X crosses the

spi nodal ABC curve, formng a polyner-rich liquid
w@b@gessand a sol vent rich |iquid phase. Solidi PCTEHS10061041421

of the polynmer from each phase and renoval of sol vent

results in a polymeric material having different sizes

dependi ng on whi ch phase | 4 xam ned. At relatively

hi gh pol yner concentrations %e. g., at point Ain Fig.

1), the polyner-rich phase results in relatively

[0049F el The@he BRArBpIS] Zolyir@hé (RoleeulihiRei PRt &F 1S0DB0PHea! WaLkast from a

fromsolutions having relatively | ow pol yner
polymepsrduiinrny eampstsing 6o by vegight of palysyrepeldjssalvad & ) phamount of

eSS RO O BEEBLg S S LI
polystyrene-@pslphenadorsstent is howmireFigal.s Thasolmgprawieduwhtly edoled to 55°C

i, gh | ymer. concentration (e.g., at_point Cjin the..
and he Trdiardd npinges 10 Indyge Rhasg éeggﬁ%,tw% Bet DokemeE plase seliditied
thereb{yﬁ&gflligg %%éﬂﬂo?é(}re%‘iblé‘ gBOTEE < HONE G/ak EahdRA b?'tva_%’thﬂ trying to

1 wou have~a rel atively higher porosity
afford(agpagioys pidyrher hoebhavinghnapponetwsilz ef substahigallyantpecomhe@ed pores

.ta 5. m.crops).. .Furthernmpre, the .interfacial.t Lon is
ranging i S¢S G Orlt STETRES BRLE BOMSH, oGl VOIBRELOT be Ban
photofBRbRHpIRbEa hHBud gﬁl?ﬁ{n%ﬁé Fheet FRALERA BMhARIRbRAuLEATERS W in Fig. 3.

surfactants to the pol yner solution'thereb o
[0050L ontAwsithermglisheesobectsyasecasgsirorm i poban¢roohgion|campnising 30% by

v YRR R BELHFLA 00 AP L B0 1,450, E5R e
solutidrywiedq@hth 0dolpdioy3s g nad Gclditb&e foreld) tihulddQo iMduasphust séfaration.

cycl ohexanol sglvent at 160Q0C. An experipnental ly
The polamsr-firh phassisaidifigd Hgraingradhenmqraversible gel) and the solvent was

o RS LT ST n S, By o
substahtallyl terconuicesd pores rahighes iphzsdrae A ab Ranicrofk éavpodggpere size of
L2 g P o e S LT SOl RS 5 2o i

distribatibR bBtathel By IHSHIROAM TBA sHNSHRH dBRVRYitRR PR&Es REEMBYHy narrow
of substantially interconnected pores ranging in size

(e.g., typsedlpless thand Ompicropreters) rhopaniexigraph(df agporousgiadlystyrene sheet
ol.ume) of 75% A phatom crograph of .a porous .
made {9 HITEeBid Bbafindy B dud by AR Fupia eEREPE Fraphyigppobtained

insideitRe $pifbdaBregid¥Fqhe pRt BRErAROL S hRIEalShesinpYatoDas e
froma polynmer solution conprising 30% by wei ght of
[0051]y0] VB Epethaexampe Dwedo pfpcimhyiﬁneagmlmuhﬁﬂw;gwmmainssolved

in 100%@{) gé%c?e;c%:#og%) o@lfaosfq%'ilgéﬂ QNS 195211 hig ge%pﬁggéﬁdiﬁed ina

ere mnutes 10 1
few méepes; add swivent has psahoied byrniacliun dagsg ®alel el bh aderlcboiatied®pen
a thernpreversible gel) and the sol vent _was renpved by
pore s{ruetuiesSHRIAT kg thePosas golystyrens: Heg speV) weFigs Re éit alugheng
vl _
concefifa B HEL MY o1 Bhor R SI T bhiy kb BOGEGPONRRIGES, £k Brc
structig® péthefshdet vasisomidars) therttlatahpen s Figy 4 for mlystyrenel This is an

RO TN O CETE -
diagrafieconposi tion process is relatively narrow

[0052] The porous polymeric sheet of this aspect of the present invention defines a
network of substantially interconnected pores. At least a portion of the liquid solvent-rich
phase is dispersed within the pores. The microporous polymeric sheet has a porosity (i.e., a

void volume) in the range of 20 to 90% and comprises pores having an average pore diameter



(e.g., typically less than 10m croneters) a
phot om crograph of a porous pol ystyrene sheet nmade by
wao koog/oproocedure is shown in Fig. 4. This i s anPERESPHE041421

of phase nor phol ogy obtai ned inside the spinodal
region of the phase diagram (i.e., a spinodal
deconposition). [0051] In apother exanple, 5 w % of
pol yet hyl ene (nol ecul ar wei ght =120, 000) di ssol ved in
100 M of 1-dodecanol at 1300C was quench cooled to

in the @0 6f 0.0hits 16 aTBbgs &Y. ) idithd Regé bBf @0f & MiheD.1 ®Wmicrons, and
sol'vent was renobved by vacuumdrying to reveal an

thehkr?f)qterconnect ed open pore structures simlar to the
or

[0053]3 on gfé% X%)ééf eﬂfshoz‘t%ﬁe:ém sc'éﬁ? }%@tﬂo‘& t%g‘ﬂ%%r%‘@gh t Hésgﬁleefverage

poros1t3}01(n| th@ﬂanlge Bei20 tdI{](}% & dther Wcﬁllméﬁtm tHetpobyrmérid dheetsitaeen average
mlar to the tha shovvnl ig.
poros%wh% tangref 76t D% <Pids hex g 18 [igpe Wéé@%?%h@l%g}? the range of

70 to Qﬁ% @feﬁgagt @Jgirggl?s'a%f& tPf‘rOeg ﬁ&@gﬁ%lc%g@\gg's(@ gg@l; rrgr Ig«i::s‘ggs gfehe pores of

the CMP ptaﬂn of thispediodofiert bétherpessent 1nwm@nta|re:)opalhei'ndnmsrcannected The

net wor k of subst [ 1y.inter onne or es,
open fege SRR srRatgR Gh ey Ao CoPOSOT APER el during
pohshﬁigs m{esra%wy RbRo B%tﬂi’&ﬁi%ﬁ ofm% sﬁ&e@ FQRRELUSecHOlt m%s £m or
sheet has a porosity (i.e., a void volune) int

lower nadrge T abiity to @@r%padsdoﬁmwpwlgé@glp@n@éy Hammgosatw) also contributes
to red eg 5% orergsllarreterl n the range of 0.01 to 10
i rdb éng? ge ™ t he range of 0.01 to 5 mcrons, 0.1

[0054f O 2T h@rﬁétﬁ@lﬁpro&f&és tdieniktoperous (0B Phdd iavapEporosity and pore size
enbodi nents of the present nethod the polyneric sheet

that capcp ra%dlb\f@pﬁgﬂe%y %ﬁéwyg ithe omeentErtign pe r¢si Bfbs pplymer

solutidl Qaéctﬁébq er%g h%gd g? t]%é%?ﬁ&g%@%%@% ﬁg\{/}}e \6%'1’13&%n the

solverlt pbhatityved splveng helpct[rrgsthé yor(dEtians, for phaké sepacatign (exg ﬂ& temperature),
g are particul arly useful for electrochem cal CW
and the ikenpy processes. The pores of the CVP pads of this
nb
[005SPTDHLAMy, Mo SAIEnBi EBRE! onBREL 4 BOLyRICE rBRAMARA from the group
consisghg of g thermoplastit distgosrab tlmhndldbmcaoogﬁne&lamaad thhmmlglstlc
pol i shin tion
volyolRft. olyiftince S apBRbiviiep He G R 4 Bl Tty pubber,
an ela@Binktit ¥so hFrRahBW @@ﬂﬁe@iﬂd&b@ﬁﬁ&@ ¥ pliyethyteReriphtial Ay a
porosity) also contributes tor educed di'shin Q% and
polyingiflesi miyar[u@a@@ paivaryasehbpolpstpienacspal pnethyinahsrdets, 2
i N
copol;%@; I3 ﬂfeges %}dr ﬁug@gﬁqudef? é/é@gg)réf aﬁlyétgé golh/{}%hc%ﬁ‘&t ngpnses a

therm@slhstiviiolyieshime. N t he pol yner sol ution, selecting of
the sol vent based on the_solubility pt{]/]grreters of th

[0056bo| yiremples ofsaitahle Glases pltohyenisfoppsediythis methadespeqtiof éle present
1nvent§<gl arG QR étgéﬁ aflgfhoﬁgﬁ?@]&e%eﬁ%l@g | Ainds aﬂ)matlt: I?19drocarbons,

erat uf
dimethyl sulfox1de (DMSO). Preferred solvents for use in this method aspect of the present

invention are polar aprotic solvents and hydrogen bonding solvents (e.g., N-methylpyrrolidone,
dimethylformamide, dimethylacetamide, methyl ethyl ketone (MEK), tetrahydrofuran, and any
combination of the foregoing), which are well known in the art. The solvent can be removed
from the microporous polymeric sheet by and method known in the art, including without
limitation evaporation, solvent exchange, solvent stripping under vacuum, freeze drying, and

any combination thereof.



[ 0055] Preferably, the polyneric sheet conprises a
pol ynmer resin selected fromthe group consisting of a
wao b@roebasti c el astoner, a thernopl astic pol ypeEUSBNE041421
a thernopl astic polyol efin, polystyrenes, a
pol ycar bonat e, a pol yvinyl al cohol, a nylon, an
el astoneric rubber, an el asyponeric pol yethyl ene, a
pol yt et raf | uor oet hyl ene, %%olyethyleneteraphthalate,
a polyimde, a polyaram de, a polyarylene, a
[0057]pol %S4 ?f Efod eitivinere iy poipnbeolytiontie prepared byl disseiving a
t hereo and a mxture thereof. Mre preferably t

t he

thermqpisisiierpplyaretiiras resabipid 8 ae e 1p ABYRop PAY pta temperature above 80°C.

aasER of tur
mhe B8 4RO el BATRL FBUILE Rty S AR 8858 Snpersor
below BOWENOt@Nhpdregash@iling seteatssuckabehiii, SHK end b A, are also

nitriles, amnes, aromatic hydrocarbons, dinethyl
suitabley| f oxi de (DMBO). Preferred solvents for use in this
[0058] rret hed s EQ? tdm&fing fh@ sQFV@ﬁteﬂi‘éh PINE B ¥ aRbRpRMea by any
ot1c Solvents and hydrogen bondi ng sol vents (e.g.,

converibntendibdimavet indbae. Sichret by btepprmin y slvent exchange, by solvent

strippifi ROy ATt A STEARY Y CREPT B ORI

[0059]f OT &8 Q?fhﬁ‘érred/‘ﬁhmnﬂéxﬁ dﬂ@lﬁé mbMOWaT the préeneihtentibigthe polymer
sol vent can be renoved fromthe m ¢roporous pon

solutiogtremtprisss hiscdAve bhiawigh elheinel e ravin, messerefgiahly > to '20% by
We]_ghvvlthout limtation evaporation, solvent exchange,
Solvent stripping under vacuum freeze drying, and any

[0060]0 0 ﬁﬂ))dpaﬁdlﬁgl ot Heersebibilit) Pardneters ﬁ)rphejbcﬂymedareimmﬁnnﬂnhe polymer

he pol yner solution | s prepar sol vi.ng a
soluthnhtéxerﬁaema&pf thegolyusreti anin }%é%quﬁn? g PHOBE g 1 prefyifpremove

Fh i R8N WO cent G PRAGEE pol lution, the

the SOlgéIga at ?xgﬁﬁ?gscﬁ%%%z I|:1n(§]?tclze§ %ﬁj cool |eﬁg t he aylcoe? yglfer SOTIHOm,
rate offiahyemturs doptusedhtot mdla:etpéaamegmtlm, fafl dile 8&@116@3; ¢lpe phase

hydr ogen vent s uch as. MEK, .. THE, and
sepurafaca 52 BOHAGRIS RGO BTt o5 £ LU ol BBHeAg EdoR. In some
embod@Rk¥E Me $d1pePATRyCAR D 8t 1R6E PRIl REinBbr PAYr to solidification.

conveni ent” nmet hod inomm in the art, such as by

evapor ation, by solvent exchange, by sol vent stripping

under vacuum freeze drying and by any conbi nati on

thereof. [0059] In a preferred enbodi nent of the

met hod of the present invention, the polynmer solution

conprises 1 to 50% by wei ght of the polyner resin,

nore preferably 5 to 20% by wei ght. [0060] Dependi ng

on the solubility parameters for the polyner and

solvent in the polynmer solution, the strength of the

pol yner-diluent interaction (e.g., when a diluent is

used to renove the solvent by sol vent exchange), the

initial polymer concentration in the polymer solution,

the rate of tenperature drop used to induce phase

separation, and |like paraneters, the phase



separation can be a liquid-liquid phase separation or
a liquid-solid phase separation. In sonme enbodi nents

wao b@7psdoyner can crystallize, at |east parti al PgT/US2006/041421
during or prior to solidification. CLAIMS 1. A nethod
of manufacturing a chem cal - mechani cal polishing (Cw)
pad conprising the steps of,,(a) formng a |ayer of a
polymer resin liquid solution; (b) inducing phase
separation in the [ayer of polyner resin liquid
solution to form an inter@bAﬂESted pol yneri c network

rrsin a contlnuous mer-ric hase
i ﬂ?gr sﬁéﬂ%@ﬂ d af mﬁn%fa%ﬂ ﬁﬁ %lcalomyaemcabmleh@a (EhERgad

ﬁ Ql depleted phase conprising 20 to 90% of the
comp ﬁﬁ%ﬁhg une of the separated phases, the phase

separ afa) ofwnbmgrvglayﬂloé etpeliniargesin Hguidrsolwpionpnsi sti ng of
ol ventrisHESER DRe PRI S BT G i gotution o
form eﬁrﬁﬁ’&'r&ﬁhb&éﬁ bOSRRAEL nettwolk é&hbﬁ&ﬁ%h B&ltirﬁﬁu@ﬁﬂlyﬂ%f-nﬁh Flase

p ase to forma por ous eet def I Nl ng an open
interspessedovikh @ﬁomumguemlmbﬂ-éeplﬁ@éph@nnbe pelcrm@mdeﬁet@d @hase

compnil%%g@ 83%0&_5 Iogé%: or?etﬁll 2 %11; thg s %Ln(ggl? Sﬁ]eaéef‘ separation

being baucttétg frampae gﬁdub)bohﬂsﬁﬂg%ﬂa&ﬁﬂﬁlap ﬁec%ﬁxﬁo@tlaﬂ% épynddel une,
t he network of pores conprising pores having dianeters

decompgsiting, %\f?@&rn@m-sqivw ipdyiced phase seprsationg ynd aersybingtien thereof;

| east

por ous o g B b b R efining
an opdrheetworkafsulpintiaty uﬁht(eeﬁnec&d pbines and thoitlg @f leastal portlon of the
polym\é% ﬁégell niitﬁge p?slcP)éfslqg T@H;‘ %g{p%@ségqlhgg) E]mf rs}?%lc avelng 2 %g%sity in the
range BP@@ m%%&'%hﬁﬁ% Y REDSRSL pRrds r&%ﬁﬂﬁ&h@?;é@ havmg dlameters in the

pol yol efin; a pol'ycarbonate, a pol yvi nyfal cohol
ﬁmgeQQOthOQQDBMQBmonerlc r ubber, an elastonerlc

ol yet hyl ene fetr qu n
bol yet I ERB R Bi R Bon 4P BRI Galeleidanyss Gamdas porous
polym@r et/ any| ene, a pol ystyr ene ;
polynethylnethacré[ate a copolyners t hereof, and a

mi xt ur €t feaningra CHIP prddiare theqwrams nolmenshesther ei n t he
ety S e R, BRSSP v

consistihg ot d tiphuplastit dasignéers e sheamsplastéiol pebibeatsd théromplastc
group consjsting of a pol ar_apr t c solvent and a
polyoheﬁar%@@ﬁcqgw%g Pebving qucohol apny orll an elastomeric rubber, an elastomeric

polyethylene, a polytetrafluoroethylene, a polyethyleneteraphthalate, a polyimide, a
polyaramide, a polyarylene, a polystyrene, a polymethylmethacrylate, a copolymers thereof,

and a mixture thereof,

3. The method of claim 1 wherein the polymer resin comprises a thermoplastic
polyurethane.
4, The method of claim 1 wherein the polymer resin liquid solution comprises a

solvent selected from the group consisting of a polar aprotic solvent and a hydrogen bonding
solvent.

5. The method of claim 1 wherein the solvent is selected from the group
consisting of N-methylpyrrolidone, dimethylformamide, methyl ethyl ketone, tetrahydrofuran,

dimethylacetamide, and a combination thereof.



5. The method of claim 1l wherein the solvent is
sel ected fromthe group consisting of
wOoRenssebpyrrol i done, di met hyl f or mam de, et hyPCEUB006/041421

ket one, tetrahydrofuran, dinethylacetam de, and a

conbi nation thereof.6. The nethod of claim1 wherein

the step of inducing a phasg separation is

acconpl i shed by cooling the ?ayer of polyner resin

liquid solution or by adding a non-solvent to the

M Xt Ur €he ethbde R A0wkdreialthé sted oPEE@hE a hhSseSeSRal@dn is

removi ng the pol yner-depl eted phase i s acconplished by
accompligiesicsepoling dierlayeriof ppAyRIee Iesirbligrié selytien Py aiding a non-solvent
to the SMARQL ation, sol vent exchange, solvent stripping under

vacuum freeze drying and any conbi nati on thereof. 8.

le.e metThe dleFfonif&ileﬁmln]l whereiaithe sthe oﬁllteﬁmr\]/ﬁ{dg ﬂge poiyngr-depleted

_ayer of _polynmer solution js acconplished, by casting
phaseﬂwca@pbﬁ@d By rACqss aﬂw&e%%%ttﬁ%aroaa censistingind ey pagatio, solvent
R R e B s

a8l ayefTheethvel qfelammer wharsinrihé step dbfifosming 4 layerarftpolyaner solution

is acoptishes by satine e a0 oeb e LIRS § SUtse, by
- wei ght T nidheydrst YA W;E&Ei'ﬁ;thé]-_gtgp dh iR y& o fGoiinier Solution

. wherein the polynmer resin |liquid solution conprises 5
is accoropl2hedl by euksiiding addyer hEthp pplymer reséslignid solutipn entera syhstrate.

ggﬁl; 22 IL,F}%% lngeﬁgo!éiit oﬂkaﬁﬁ&é%%iﬁgﬁeg p(%lg%é%eéf.ng?qu?d g)oqat%'lnscomprises 1to

50% Wub&pRrdfitad polyinet gksi@onnect ed pores having a porosity
in the range of 20 to 90%. the network of pores

cohpr i Shagichndaf i Inghereiarthe polymenresipdiquighsplutign epgprises 5 to

0 : | ving a pore size distribution in
20% [ %%ﬁ@%@@ggig%f the pores have a pore size -
wil2.hi n Ascheinicad nsechdnitdh @obshéa@MPppal cnzerising porhes gdfpneric
.claim1 erein.the network of pores conprises
sheet S5 aeoira g ﬂﬁweﬁ%\%gﬂe%ﬁ%nﬁ S ETRBRERdofores having Sporosity in the
range BF 86 R60% lie nd VPR cthiprididl FordLn M Gbihetdiein the range of
network of pores con%rlses pores having dianeters in
0.01 to he nrienoge and h4yvigg a pore Bizgidestmpugionlis whidheat Gddt B obthe pores have a
claim.12 wherein.the polyneric sheet has a porosity in
pore sfis M IBA S6058 of ISR OG- b pad of Gl ai m 12
wher ei mhe CB1Phy 6EElhien SNGBErelitBe ActidAOST hotes Eorhses pores having
range of 70 to 90% 17. The CMP pad of claim 12 wherein

diametgig b yanse 0§ Adep Saviepmisses a pol yner resin

14.  The CMP pad of claim 12 wherein the network of pores comprises pores having
diameters in the range of 0.01 to 2 microns.

15.  The CMP pad of claim 12 wherein the polymeric sheet has a porosity in the
range of 20 to 30%.

16.  The CMP pad of claim 12 wherein the polymeric sheet has a porosity in the
range of 70 to 90%.

17.  The CMP pad of claim 12 wherein the polymer sheet comprises a polymer resin
selected from the group consisting of a thermoplastic elastomer, a thermoplastic polyurethane,
a thermoplastic polyolefin, a polycarbonate, a polyvinylalcohol, a nylon, an elastomeric rubber,

an elastomeric polyethylene, a polytetrafluoroethylene, a polyethyleneteraphthalate, a



sel ected fromthe group consisting of a thernoplastic
el astoner, a thernoplastic pol yurethane, a
wao b@roebasti ¢ pol yol efm a pol ycarbonate, a PCT/US2006/041421
pol yvi nyl al cohol, a nylon, an el astoneric rubber, an
el astoneri c pol yethyl ene, a pol ytetrafiuoroethyl ene, a
pol yet hyl enet er apht hal at e, r1,%polylmde a pol yaram de,
a polyarylene, a polystyre
pol ynet hyl met hacryl ate, a copol yner thereof, and a
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of claim 12 wherein the polymeri c sheet
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thermdpdzge pofyubedibneo 560 nm as neasured through a 0.15 cm
thick portion of the pad.
19. he CMP pad of cla1m 12 wherein the pad has a transmittance of at least 10%
for light having a wavelength in the range of 540 to 560 nm, as measured through a 0.15 cm

thick portion of the pad.



