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process that the uppermost surface of the process layers be planar, i.e., flat, for the deposition
of subsequent layers. CMP is used to planarize process layers wherein a deposited material,
such as a conductive or insulating material, is polished to planarize the wafer for subsequent
process steps.

[0003] In a typical CMP process, a wafer is mounted upside down on a carrier in a CMP
tool. A force pushes the carrier and the wafer downward toward a polishing pad. The carrier
and the wafer are rotated above the rotating polishing pad on the CMP tool’s polishing table.

A polishing composition (also referred to as a polishing slurry) generally is introduced between
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
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[0009] A polishing pad substrate and polishing pad prepared by the methods of the
invention comprises a polymeric resin defining an open network of substantially
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
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[0013] Fig. 4 shows an SEM micrograph of polystyrene porous sheet made via a phase
separation process at a polymer concentration of 30 wt% in cyclohexanol at 55°C for 10
minutes prior to vacuum drying at room temperature for 24 hours.

DETAILED DESCRIPTION OF THE INVENTION
[0014] The invention is directed to a method of manufacturing a chemical-mechanical
polishing (CMP) pad comprising a porous polymeric sheet material. Preferably, the polishing
pad substrate has at least a certain degree of transparency. In some embodiments the polishing
pad substrate can be a portion within a polishing pad, or the polishing pad substrate can be an
entire polishing pad (e.g., the entire polishing pad or polishing top pad is transparent). In some
embodiments, the polishing pad substrate consists of, or consists essentially of, the porous
material. The polishing pad substrate comprises a volume of the polishing pad that is at least
0.5 cm’ (e.g, 1 cm®).
[0015] The porous material of the polishing pad substrate has an average pore size of 0.01
microns to 10 microns. Preferably, the average pore size is 0.01 to 5 microns, more preferably
0.01 to 2 microns. In some embodiments the average pore size is in the range of 0.05 microns
to 0.9 microns (e.g., 0.1 microns to 0.8 microns). While not wishing to be bound to any
particular theory, it is believed that pore sizes greater than 1 micron will scatter incident
radiation, while pore size less than 1 micron will scatter less incident radiation, or will not
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.
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[0020p. 2 TR pokous @sderi of tHegoRivieiha9ed PsBat®icaf comprise any suitable
material and typically comprises a polymer resin. The porous material preferably comprises a
polymer resin selected from the group consisting of thermoplastic elastomers, thermoplastic
polyurethanes, polyolefins, polycarbonates, polyvinylalcohols, nylons, elastomeric rubbers,
styrenic polymers, 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.
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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
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prepol yners, wth a prepolyner containing

cthylepe w&ﬁa%rénatd@a@qmwtmceﬁ/baseh Fatalpste qr@d@&m@méene styrene
copon 35 SRR 3SR LSS EPLY Bhis g g

210°Ci amdmaload ofizil 60he Whemt}mqyplwrhertrbmn o ryyim mrpxﬂymbonate the MFI
eol is the flow behavior of a nmer
preferiglign T o5 Or lwéowribdem;s ol mpbidims it 20016 ke Load of
2160%)y the rati o between the shear stress (i.e
angential stress, a) and the shear rate (i.e.,
[0024) el d&letrkxecgmadwfehc poldgﬂed resin ddowdspend, orf the mnﬂwuNe\memghtan

t hi
polycivnt iR 70D B e o Bk i PyerRhPRGY b R G e
transiticH témbbafiié (T0,), CRAdeSelt fe ex\éhﬁ'é @ml)tdftﬁeﬁdl%&e&sw tWihen the
i ncreasi ng shear rate. is this property that all ows

polymgr wnyﬁﬁmnﬁeelawqwlmethwr nelyrepthafesgopplymer éspches ghe,

copol ! er% #%cgg?(}]ﬁtwv%f tt]!leo\g ER{ g}eﬂ%le n?glg %?ﬁ%&e%%l%t éﬂ/{wﬁ ilﬂtﬁplr%ﬁy 50,000

e Cr tlca regi o ear

g/mol t«heoo mg/n@y meéfetdby TROGO Rl &s1505G000Ugmohavided BDIbAEd 1o 6,
he rheol ogy can be determ ned by a capill ar¥
Prefere-b%x RiP Gud wwauhltbﬁth@ﬁeomﬁtwmlwﬁwﬁhaﬁ £ia8s fransifien egperature

of 20°E‘n[gqr10 ﬁlxeﬁrt §1H5§ t e?é’rgxl% & 1861 1J ﬁOVCOfS\x@en the golgmer

particu eng ting the apparent ar rat
resin iv em slastomesc pelybieﬁator dl p‘oiﬁﬂﬁht cdpelymear {tuch @s thetdopolymers described

ati.onshi be t he vi and at.yr
sbovel, Bfupi @Rt Sty Dt i 50 R ek o 00 gimot,
preferé’ol?qo @U@*gﬁﬁolttl%bo bd@g;méll ®th bPDIGrI ©al p@@&@b@fz thN8. When
yner resin. is the ratio of the viscosity

the pogﬁn@ resit erre'&meonmhseﬂmaﬁeetm oveighs averggomiotegulaf Wergha(Mw)

i ST Iy LSRR L B, wina

PDIoDDhY@JSquBﬁF@JyQIf@ALRPI preferably is 2 to 10 (e g., 3
when nmeasured at a shear rate of 1501/s and a

t
[0025]tg Pobmeer gesinp oeiested g fm porensanteriel nrparably kasgsrteip
e ESFUEIREL. 3 Sg  En ID  58

the Flexxtal ddedhlfs (RTM GHG90) brfaralily 19330 MPa (+50)p0 m)une 080d/1Pa

S ver fixed unt of _ti For ex
(-150pd aiprihe ibYﬁr%?g/? cqrggre?ﬁab"ﬁwlﬁg%ﬁﬁggw ‘Vyfﬁr@eﬂ%we’ﬁ or
greateP %nﬂ’ﬁ{eVSHo?é b%?dxi‘e@@?ﬁlmmiﬁo% ) iS4 PRI ACRDL B 80).

I'i cone- based copo a polyur et hane
[0026]f I ud?hemehh}asgpact:mbsﬂrgtﬂhasa ligitt tranpmitienceohElé or more (e.g., 20% or

more) 3hlegt SPE 3G HERgh I 4l Hited o) nin B30 Rk it b of0.075
cm to D QW r Brlogdr 619 the pOfoudfdtedial BA Béh t@r%ﬁé}nigtaném 0bH8r more (e.g.,

yner resin is an el astoneric gm O efin or a

40% Opmoyeloeﬁwn YBpor yeee) of keagf oneavayelsopirie thaengs ¢EI00gma o 35,000
nm (e. EBE% S 35_)@83‘ \ né%éé& 8%1%31 n?nneorr'e%en %6 nm to 800 nm). The light

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




7 or normal ethyl ene-propyl ene, ethl ene-hexene,
et hyl ene-octene, and the |ike, an el astoneric ethyl ene
wa@opohssver made from netal | ocene based cat al ysSPGT/US00&@041421
pol ypr opyl ene-styrene copolyner), the MFI preferably
is 5 or less (e.g., 4 or less) over 10 mnutes at a
tenperature of 210C and a | gad of 2160 g. Wen the
polymer resin is a nylon or polycarbonate, the M
preferably is 8 or less (e.g., 5 or less) over 10
propettiesi0f the patoua niatend selbeted frof tBd @foupredndstingad dehisiBl 66id- volume,
The r heol ogy. of t he pol yner resin can depend on
Flex“{aﬂ]gi%% luscand gombanasions thegiofdi spersity index (PDI), the
[0027 P egreR Riishifl ga g‘p E{ﬁﬂsﬂ'atg ro@ ﬁi%hh‘?&tl@ﬁ O?Fefési 6%%'08931&9:&(%5 the
ransition tenperature , and nelt tenperature
light tmhsmﬁ@nmwﬁle lifeting of Weepmhs}lnag p@dl yu’mtraueeé’m ﬁea;ture arises from the

s o0 GRRTBL SR B G BP 0l  BRIE AL, T

when SéSUERR 18P @€ tindveWuARE pdIMMIng! ﬁletsﬁﬁéeqﬁéﬂt)lay%% lQQlQath the surface
g/ mol _to 300,000 g/ nol, preferably 70,000 g/ nol

have syg@ar@@@y@yrw@ﬂr poy@sity aad pt[g]gh@(pss,lanj_l thes l&ve pulgsfcgmaljyylrmlar polishing

t t hane
N T T
transts&ﬁ’@A dfitherplesiifrer p&aﬁu;ﬁbstﬂnie it 20 Gvtrage w¥Her thahehe e material

resin.is an elastoneric polyolefin or a
Wl‘th‘Bé’P% EF3UC EH SIS At oaibe PrIGCRagRFiAREe 11 lighi seatiseiag due to

oy BB s 25O B 5 L B Mg

lessengd, D@@rag]!ynﬁie light &@ﬂ)snﬁl&@nc@/otfﬂhq pohshimg@a&’@hbsﬁﬁte]de_ﬂ:rehﬁbs by less

than 275 6, 3F SR A02P s Wb sl ek DR s ahsing pad

substréﬂz@l @B‘Hése(c%ﬁgeﬁytﬁk&% é’thérswﬂple@% eoBl oﬂxﬂi‘atg:%r%g@ to adjust the
, preferably 7 to 100, 000 g/ nol, t]H

gain ogthp@pdm1nt1de1eongn §ystq;m @f/grtgb lifetizne of the pc@l@hﬁ@] p‘ﬁldesubstrate For

I I ted for t oro
o 5L B BB e B BBt e mvention
can be&)@ﬁfm}eﬁ to \msnd Lo @e 0y YOI Fdilggﬂeﬂlahé w@ndolwma@ A5t &€ Before
polyurethane t he. Fl exura dul us (ASTM D790)

polishiggefobid polypretbanssmingipys haeropgistepsiuyfacopopetieniwwever, during
pohshf'ng%% @Q}h o Hebombd! r@&’ oungé)a& rgﬁﬁﬁ% L4

e average reat
properBbor'Bueefhre; din e&@o{dtﬁ&deﬁﬁﬂ%@teﬂﬁmumsbe%nttﬁnt%@ad] estel i m I‘éﬁbonse to

0026 Th olishin ad. substrate has a |i
each “FW&’H&%FP(O% Sriatehet 5§¢ ‘ﬁ‘i‘)‘%gé?(’(héh’&g Cootrpginghib Fhé’)POélﬁhmg pad
substrdt€8Bthe %K%n’t’i@f{ Eéﬁﬁ‘gﬁfﬁh 'a%l%éh%n&?ﬁﬂ%c@iha@ %ﬂsnsuﬁo Qa1 R0

run at a pad thickness
unchalfrgeéfdgnag)myd aﬁtftreibmsmwnmgmehﬂaﬂlg fvah thatltheydridpoint detection settings

can reltgé@%s yl’f‘B&?f)ngS OYeééémh%Hé’ \ﬁg\%ﬂ %02 %”I’?g |pggﬁﬁémlaf§n ge

[0028]of 206 pfe\déhdeQ)f Pordd 99 tHehofiShiflg pa@%sfrht@‘off thellv3PBn M have a
or 200 nmto 000 um “or evenh 200 inn to 800 i nn)

signifiqans effpjion the mlsshm&m%mﬁ Fon ehqmlblmm sogesagbssthb soneatam

capablé gﬁ%%@’%@%&‘@é?‘?‘%%%&g%ﬁ% grrnyﬁ }{eotlransmgssw\év?eglon can have

polishing properties that are more similar to the remaining portions of the polishing pad. In

11¥<fon§1rsi1§n€ snuéface

some embodiments, 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.



properties of the porous material selected fromthe

group consisting of density, void volune, Flexura
wobmabs®91 and conbi nati ons thereof. [0027] The pol/Usiheigi421

pad substrate of the invention offers inproved

consi stency of the light transm ttance over the

lifetime of the polishing p substrate. This feature

arises fromthe fact that the pores are present

t hroughout the thickness of the polishing pad

[0029]5 u b smeqioashﬁﬁg psd sﬁd@&@tetdfalesmvérm@ﬁ o ey &dllyi f&rth@m)t@(ﬂlses a dye,
i.ng_polishing, the subsequent |ayers beneath th

Whlchseaﬁlpla%@e ﬁabﬁéramsﬁlgﬁftwe&y W%m%dlxlﬁrof BEREicutay “@ﬁalength(S) The dye
acts td ﬂ?ﬁ%@ﬁ?ﬁ%desl?%%\g%ﬁ{éqﬂ%nﬁ 1fglﬂP ﬁe‘ ﬁdgﬁ%ﬂoﬁrt@ ggﬁtg 8hd thus improve the
s1gna1|dw opse tatieoftdetectien. t Dlpe pnlrshmgepad aylmstratel aan &dohiptis@my sul'tteble dye or

ransmi ssivit he hi dsu strtels .
may h{pBPSUS BB S em e SRS (S 0 R RS S Siland tri-
arylm@tﬁﬁféléﬁr@s Qba Mh%gu‘%hl GP&%%ﬁmeﬁﬁﬂz Bes, taE&(]FS? AR bROSy S hamesl dyes,

ght scattering duée to any chang)g fesulting from
nitro @l@s,emﬂrm dyks,tahe dpi@ﬂ, psthiaqginoael dm;:bs;ﬂ dpesdand thg hke Desirably, the

transrfiR R P Pur D B R BER S v i P wlV Slpbef Sk ighraused for
situ eﬂl%oirﬁaéteétﬁﬁln R U 418p18; whéneﬁaé lighegdudlYor B eﬁ&mnﬂ ®Betion (EPD)

an 599 over the l'ifetime of the pol i shi

systens ippsHelie @sewwéyél repdirge ¥isibl g hﬁb‘@étaﬁ?é%"elf\ﬂgﬁll of|3¢84@ 470 nm,
the dy8 %a&%ﬁ% ‘ gﬁﬁsﬁ)‘? rr#:cg S@?&cﬁﬁiten{ zb?ol%ﬂr{% 191{1 otflﬁ?e invention is
prepalmd lbly:arspn@daiaﬂ bsmb&ztl rdatcﬁnpdéaronqxamsd; end aftel Scmmlslt eam;ent of the

t transn1tt e of oli shi d substrate
polishiie Raﬁgrapﬁwﬁﬁﬁ lgpet 4 fp H@r%arﬁg%ﬁ& 2%, af Bgftiiaying Hsalangth of
540 to>®1d iy, POl yuret hane wi ndow of the prior art. Before

polishing, solid polyurethane wi ndows have consi st ent
[003015 ur f 5h@p<piwbp@nadesgbsttm\eﬁﬁbe mvdmtmmcginplml predluqa(i; usihg any suitable

echaif 080 SRR AU B Lol by bR Rbstrte can
be prodiEdIciy() 8 ateel pmeﬁygi)%mbngatpr&&s§ Q6 FHAkS Mw@ﬁiida'ﬁﬁr@@%ss (d)a

I n response to each new pattern of scratches th

spinodgl dewspgsitiong(ep a binodpldgcompesitiens (1) igolvent-hen- gﬂwré fndvged phase
i begins with a roughened
Separa‘s"}ﬁg’f agg)s % {%%%S%rn% é i m!se%)églpg}r?t% ?Sgl I 3 unchanged dur |gng

[0031pnd EetrBiicellpracasomvalies () cp@binidy apolyuehrdsiadith Heupercrltlcal gas
endpoi nt detectjon settings can remain substantially
to proaw&?a%%%rpbwmmmam &) frenigg aprlishing p%dqwbgtrﬁa@f tnefnvention

from tgig Pfﬁg{w %h%se id %St r ?rr}gﬁn Qhn Qé)glﬁﬁof the g@l er resms described

i'ng pa e Invention ¢
aboves iAgsipkrctisingl gaf ﬁse@nenutedt ByesupEctisga gas tpranpadawtatedﬁemﬁﬂature (e.g.,

o X , I.N SOone Ccas , t he or es a Q .
100°C; %?W%daﬁsswéﬁgpgmﬁg eGite 35 SafERA008 ot hsuttigignt to
createlal SAPSIFi G S ‘éﬁtéﬁgﬂ/}ﬁéh AR15ab BURVEOlk SN, (PE.OR @ﬁﬂek&ﬁlctamﬁld SCF).
are nore simlar to the remai ni ng portl OnS of

The gmaméh|ad§/dmd1bonnclé@n¢ﬂuemwpméwﬂmchtOh@ﬂmzrocﬁaah@ (e g., freon),
t ext ansni ssi ve pol i,shin
nitrosf EptHof dfrids SR B PR T o PSR FPEetBlE ieas s
non-flagimbledak Sfot Bgangle haaethat ddreubt Edieain €RH Yolls. aTIsLRNg18 phase
ue portion of the polishing pad that is used

solutl@;(@iﬂbg pqlg]ryr fasin gl the mmg:nﬁcq]mas typically is prepared by blending the

eS80 BT STORG 447 LR o

then ca0bPinjeas 1ﬁtoCWmold{\ﬁWh@:fb taaghd @@aﬁdseto S“onims b patestiuture with high
selectlvely transmt |ight. of a particular

uniforgaty et eAgR Fesyithmike w@elaeelgmpbreﬁnr tide copeeniratien pf thg supercritical
wavel engt hs of light (e.g., background light) and thus
i nprove the signal to noise ratio of detection. The
pol i shing pad substrate can conprise any suitable dye
or may conprise a conbination of dyes. Suitable dyes
|nclude polynethlne dyes d| and trlarylnethlne dyes



[ 0030] The polishing pad substrate of the invention can

be produced using any suitabl e technique, many of
wowkiochsaoe known in the art. For exanple, the pol/Ushbeigii42l

pad substrate can be produced by (a) a nucell process,

(b) a sol-gel process, (c) a phase inversion process,

(d) a spinodal deconpositioRg (e) a binoda

deconposition, (f) a solvent-non-solvent induced phase

separation, or (g) a pressurized gas injection
gas m;sh@s;léglg-phpmh}trpnéym@br is Ol &e Bs¥hi(eng o 0MEs to 3) of the total volume

oS R B B B P R
detail ploULS Pategt §,3684,8 U SThainecrodellule sinfot@Btis fRimbl B ckdating a

e- phase, sol tlon The pol yner resin can be any of
theﬂn?‘#@ ¢ yﬁ@ § sipglecphase splalgyie. o Aysiapidhe ehangiogithe

e S OSSE T A EAER  A LBIG cr o
the solvian( NeOBatwi sltes aredile MR& at whihGhe disyglvadinblecilen bf the supercritical

cret a.sup ChtIC .state in which the gas behaves i
gas fofip ehislery romeriph e ce &%@Peﬁopf maigria g, berpgégnucleation
sites i€)aFintaAdt LasBury@r tﬁ&aﬁ@ﬁ’ﬁ}nbé‘rmf ﬂﬁElEAtHﬁg s‘?t%@fsba?grommately equal to the

hydrochl or of | uorocar bon .g., freon

numberaiselts Wirmsd thethe palyben mmmku Twpicaly, meahamcmnmm instability is

1nduce£dha“3t rtl?eoéxn fr ‘cl‘*“ief r%ragcp o%lcﬁeéyvlﬁicg a%wiﬂss tﬁ% lphesq_i;oglgi,pals aﬁmﬂp@rous

materiai dwﬂ ‘tﬁ:—fbhﬁéf—‘fr&ﬁ'thlé $1ﬁ§le%a§efk%hﬁ@n)ﬁﬁqyrsﬁﬁéme %%1gﬁ§1ncludmg
supercrltl cal gas typically is EW pared by bl endi ng
extrusiopdnio Al ppen sheeh Cfgé&tﬂwctrrpfrmmltl emeytﬁelm ectien molding

comp SIS0 L2 AL RSO BOLAER AT Bh

thermq;forrmng; anddbmirentioht Rreférgblylihe olishitiy paf substi e 8é.2 Sthe porous
V\h é)n Eg nol ten pal yner resjn. The concentr at | on” of
materiph ds ¥ Prirsin Snipdestrmmekin 1Pemaussige of the peus prpterial is
1
at easgﬁfpdé‘trbﬁﬂ@lléi {h% tﬁﬁgé%%ﬁé) hié&%l%? aﬁtn)i @énltrﬁtlignc‘ ?ﬁ%lg T8 Qitical
gas, al!;iqvgﬂﬂ:enqﬁmséleseﬂfut i on. These and add| tional pr ocess
eat.yres, are descri n further detai
10032)og? O S-S Bras S S o pesdiiaion af & Sherelpiopdl metel oxide

netwmfkq%lﬁ%@llbﬂﬂfé&ﬁﬂ%&}]h@ﬂﬁ%‘@ Eé@fﬂ)ﬂﬁ@l@p‘éré $isd @Qﬂf&deta}fed Qm}]gc?re size

sin %5)1 ase sol ution by rapidly changi ng t
dlstnbtl@ﬁme‘i ah@e-ainmmoq@l @waﬂ@)(l eusaligelsy nm bfoprppaxddl using a variety

a eat on S er .c
ot mo e FRRRIR: BURLER, 00 S B eGPl v e
“one-pdt"y swdthveld and bwestep snetliodsheén saP@EHol] 4 Gidlte 3ABed1RBlution of silica
clusters fromwhich the cells in the porous materi al

(e-g., sgeligih sitiprde)ris pisRTel Wiviehcsnoatanestsk Q0@§G¢S§S eadar r&apleﬁnbfy pH and
oSSR, AR LSO, S o
involvesthe ped qﬁmctahaik@ndaprecﬂiym ¢akl, M(OR)g WﬁwélﬂM WRIMAC T1 Zr,ora

nst ed at the exit .of the nold or die
combifgiep st i i ‘I‘{e"ﬁg}’ln@‘i b opRgembuBHge .ﬂtﬁﬁeoﬁrwblcbaﬂmﬂaced ina
solvenff&ir@‘{lhlﬂh vl o€ ah AIBRA, LA Fﬁié@lh/@ig b aRNAS S GOk H? AN
any suitable technique 11c extrusion |
Condelpeﬂlqmérg Stebeondensatéont) ressiltong mfthmfmlttrnaﬂuay@’rMs(De&tlﬁlkages (e.g., Si-

0O-Si SIE)CF p.?a[ggfmorgfét{] ?xﬁ]al‘)zgzlanpab{e 3 81? Fﬁ%{o g{d E | dldnbases (e.g.,

ammombl)ecra.m)feﬁfsé’d RAMpacek the Kinkatd e E%cﬁ*f)l%i‘é by coﬁd%‘ﬁsatlo reactlons
0|IShIn$ pad Ssubstrate (e.qg., orous materi a

Two-step mpthpds yyrasallyisyaive the tse pémermﬂwmmwdmgecuiﬁmes qches pre-
al [
polymeHrEf iMoot P PRI TTERY toufe Blub @R dpffkages inereases,
concentration of the supercritical gas, and
conbi nations thereof. [0032] The sol -gel process
i nvol ves the preparation of a three-di nensional netal
oxi de network (e.g., siloxane network) having a
control | abl e pore size surface ar ea, and pore S|ze



WO 2007/ 055901PCT/ US2006/ 041421 11 t hree-di mensi ona
network is formed which contains pores that are filled
wowrdanosobvent (e.g., water) The sol vent can bePCT/US2006/041421
exchanged wth alcohol to forma structure referred to

as an al cogel. Sinple evaporation of the sol vent
typically |l eads to considerable destruction of the
solid three-di nensional network resulting in the
formation of a xerogel. A nore preferred drying

three-ti@gsnsiogalenetwbrkdhfodmes whith dopsims pdrés thbtse &Ned Hith solvent (e.g.,
destruction of the solid three dp i mensi onal network, is

water)s [FhersoFyent eas beeszchanged gith atiobel torform g siruetiratgfaried o as an
alco gély @hﬁﬁﬂéleﬁeﬂndg%(tggﬁla %%%HE lc}&?oaﬂp zea?g Itct %mdefable destruction of the
solid uhrﬂeehnnleanom mgﬂWor]e xqvakit g tregemationlutia xeso @h Almah tpl*eferred

rticul met hanol,,. as.i s sent al ¢
drying fRoBaie, Sl n et in bt ar Bl Seg ey offe Seid B
dlmenﬁ%ﬁglmerkaﬁ%uﬁ&@ﬁﬂéam Gx@a&@ﬁp §ﬁ1§’éréi‘it?ca§ B RAi6S %Hﬁ&llty‘?nvolves
the m xture is above the critical point of

combigigthelolig @g@rﬁhmenmq@l ngtiwessle withradiuitalla dow molecular welght

cxpn TR B SRR, B BB YIE! LB SNPHch S or o
gas whioM&y ®doingligHel B ghkysol et eﬁ&iaﬁge)%arapplyﬁlgoa ‘feﬁiﬂ)‘éﬁxﬂ%@tan@foressure
the vitrified structure. The resulting s 19
to the mixiarg Hnt is pheverthe gritienl agingaf the p@g@dlngmnta nder these conditions,
o) L r
Vltnﬁgg‘u?fé %ﬁé lgrg{?ﬁ g? Eglygwh? qgl %|t%é1nso\£fgL¥ﬁ gﬁ%%r%?\régﬁ?gghg %re%sure 18
then sfémxdh lavered) &l alhm theieapmdamrugest th daffisseasue of tht @itvifisd birgcture. The

ItraV|ol * ght having a_wavel engt h. above 250 nm

resultlﬂg g 50 gF! SR CCRHER i &0 S30ech s raperaidaros SEigBen which

the aVElra?@ E&%rs%taznd%&easﬁzé cﬁﬁﬁbﬁi’cﬁ{ ddndel clSnfrBl"l’éBS P& AbroeblbdeHals can

materials typically are prepared using

be tramPelrmt:wl vigibleow mkmvmlctdrghahmlmga ey engtb nbae 25 Oa:nni Hybrid
or.gani ¢ _groups. n.a three-di nensi ona O M.net wor k

orani3Gh e S PE HATAR et BOFODERE O Bisi Lo B pLarent

Hybrid 610588 niat2RRESpic Sy 4 g&“é’iﬂrdﬂq{s&g%%ﬂl%ay pRecurshR d%ﬁfa?nmg both
size can be controlled through the selection of an

inorgaafAng s 3 e SorpRnVbey a@lupe d@qmmnelsMoﬁD Mynstwetkge forged from

such prl@ctlﬁ o&sa Iﬂ?e rg&h?gxe u‘F‘SL gé/no eca agp(f 1de ?’tf()pé%fe’ [Tt:qtglt%ﬁg e pore

size can’b/eafo&tronecbﬂﬁ@fgﬁsthdt M&d’u‘vbﬁ%f B @pﬁbﬁl@eﬁé stgaficro@x t ELRBiIYs of
fine particles of a yner resin that have been

hybridokeelmatsrials lﬁq%léieﬁ%y-mlyargldéfhyblﬁ@ mgéaripirernditactal onigmpglymer
hvb idatied non-solvent. The polynmer resin can be any of

Y nd%ﬁ ?yner resins described above. The non-sol vent
[0033kan 'Ifhe phnse isvérsiahipeocssd measitveshlag disgemioni ffextremely ﬁne partlcles ofa

potmg T SR BRSPS o BT

non-s&I{?éHB @h@bely%é?fbsﬂﬁaﬁ'ﬁ%%n?%k R?ol}‘rﬂér%ﬁﬁst &é%?ﬁ?b(%iraﬁ)oyﬁeThe non-

di scussed in nore detail manat han et
solvent edrl pnimysuiteble lS@W@@shaVﬁgl aylngh FIDaY nggmjmigmer-advenlmcuon

param i U7 4 B R P Bioh Parr T o heros): S ngbyiersolvent

interadB@ht 8 digtuSRE 1&%@@@&!1&1 ﬁf R§ﬁéﬂé¥l’la|n|eft ¥l Bah3nBll&lisg "i‘&grences
O her Cohesi on Paranmeters CRC Press, Boca Raton,

PolymgigBgta Handbgek, Bsh darmesds Adadst Ozford Umévessity Rress, éewfg@g p. 874, c.

1999 GRSt 2ot BRB Ol s 1% B3 SR SRG ek o Sohuviiy

Pamn@tﬂiydﬁcémfw Eohadlon PaFiidérs ORTEPreba $Ra R@‘congt fgm3ep. 256; and
y pol ar. solvents such as et hers, ketones,

ron

Prasadcq’ﬁ b C(’S?’ﬁ?lef”él?% 5989612 51 Aakor prample.avlaarthy belymenrdsinds a
(DMA), dinethylformam de (DVWF), and the Iike have
interaction paraneters less than 0.3 and will act as
"good sol vents" for the polynmer. On the other hand,
hydr ocar bon sol vents such as cycl ohexane, cycl obut ane,
and n- alkanes have an |nteract|on paraneter greater

o P — - L, . oy o



[ 0035] The sol vent - non-sol vent i nduced phase separation
process involves a ternary phase system where a
w@oioynss90i s di ssolved in a suitabl e sol vent atPEr/US2006/041421

suitabl e tenperature form ng conti nuous phase. A

sui tabl e non-sol vent then is added, usually at a fixed

tenperature, which alters t solubility

characteristics of the ternary-phase polynmer systemto

ef fect sequential WO 2007/ 055901PCT/ US2006/ 041421 13
thermpplag pénacthhng an abetis kéer-bazedplobuweliacg strdagsly polar solvents such

a5 TR QKT CAPOCaEs REnTatora 0 H, Wl osiagads (OMAS
d1met%$§ﬁ?ﬁﬁh@é NP, hf ﬁle'm{em&% ﬁﬁéﬁraé’d e}:ﬁralﬂ&[e 1855 it Ojﬁ Qﬁd will act

he resultifig sheet include th eat of m xing
as “goodIsolantsA o thmpolsmblve@m Iheamhierrhah@ hydreatboarsolvents such as
i nt eractions, which.depend on.the difference in
cyclolige, BobSitBsc. Aia RanGRRERN AR ihicfen bR stebiey gp 0.5 and
functidNfs PeUsEREMERE “nokyddledls.’s aih¥ @Mmrzrm%g&@ htemktid dr&ﬁeter is
used range from1:10 to 1:200 i ch can provi | ms
sensitiyetio topepesaiutesadi salyentihet is @ eppdaeluerd Bt high rt@nBerﬂture_smay become a

f,. S rnar ste
non-s&]v%{ét:%f %82%}%%%{@ §/%|8 é}heelli{bnlq?le?lo% §P% 88%?136\{ r{:ﬁﬁn r1cles added to the
non-s@lysﬁt&ﬁﬁrea&ﬁs EMAline sl @Bt fesihipartiodds cbifieddyo Remdhitiall aditendrils and
-DMSO mi xture (O 75% by wei ght DMSO) at  50C,.
ultlm%tég aﬁ o dhrperdimensisaalpalymen Retyerkeribs mrasebentpidus isthe pooled
I
causit(bInBRE A EIEE Tork ki BB ey idh S B Shsianal potymer
netwotl eThESESIdflngl ngatertalammqméymereﬂatami hapingsgbHngisrongotosiees. a
criti fluid gas [ olid po]yner sheet
l°034ﬁ es%PH@%af 3 despnesitonay ‘?%éﬁﬁ%am#m&?%%m\@ ve
controlie t‘% tdrhSer Rty AR or Rf@ﬁin’ﬂﬁr%ﬁ o BpE1yaRYRIym hidtture, or a
extruded sheets are placed at room t'enper at ure into a
polymr@@lgmtenm@ggéb as o mop@ﬂmrrnmcmrafrog’a@smgleg)hasd\@gmn igoR)two-
0,the vesse ressu
phase g &G Bl s EER Fe g et ] focspoB SR Bibishea
decon@fosﬁlbﬁ of @& golrAerthiknfre €4 Y&k MBe@mpPdIBioRQLHIED tBhEBEess by
The anount of gas dissolved in the polynmer is directly
Whlc}lﬁ‘r@éﬁﬂ@ﬁ‘l@ﬁiﬁmelt Xt chpfgcs Sgupt serrgriibasaoplesaty anpquilibrium

phase. Hﬁ{]ﬁ% ﬁlrr]lg?éfey gg%l o rtﬁégﬁ&reg ?réetrgf O%ﬁgﬁlﬁégﬁggé gsfn%f %tﬁ%esugﬁ hya?gflase
separatibe of Heyokymerb (i e. Absmatitecufaasesphaematspiul)} orqfhaws:‘ephﬂaabn of the

can dissolve |n the polymer sheet e the gas _has
polymep gidsihig spLycalals fPaRiaRroup & 158Pqnse ko smﬁﬂﬁ%@@wnﬁ & therrgirere

fraction QH‘tﬁJ‘&nMa??fg%rL iR Ceﬁa%lxt&@?s G518 i r}gsfg%gd téfgﬁ{au fluctuations

sheet typica Sl zes rangl ng
in volmmc fractsort a;nd]thus ©ruines nukledgsn ambigrotvtietopshieve b phhweeteparated

edtoasftene or nolten sta
materigf e RedRr a1 Y yReSe D tiiian fosebarine B DHEIE BRGGY witin the
two-pHaRE @Edidh (ileS 1B binb@3 or sAnedH tegt @) bRtk ¢ ﬁgth*é)foﬁltfh%on of a polymer
temperature, pressure, and concentration of

matenghlpaéfmg ﬁwq rhsesq 46 the palyness mikvae 1sdn@mmh @eqslv{arn@s 7)2ahdhe

b1phast(1:€§%l g{err]%l f?/qucong B3t Irbg}ﬁﬁcgog gg%g |a# t 1 8rf€c§00f the phase-
separafioh. $hé p@lyﬁ@ds sreRedbl pédmprage tb@][:)ﬂ?ﬂl@f %§1n|s Weserided above.

ﬁol i shi n? pad using any suitable technique. For
[0035kx afdiesolvienenqsosqlegst s%m@@ma@m@nmeb@nﬁ@lm atprnary phase

systenl %Qreﬂa e gﬁlé{}k &@Qd W Qg etsgﬁfeﬁ't gﬁlt&g@% Ye?afe%r ¢ ining

e can be mount
contmpwiphaﬁle oA stliﬂ:ﬂﬂ@ﬂdm-wlvm thpeads Gdded, usuallg ap@ﬁk@i’ﬂeﬂ@erature which
ur f %) or can be npounted into the botton1€ort|on of

alters @ﬁéﬁ@'@} it hatacterasiics ef the terpiry-rhasgpelymensysisst fostifashsagaential

substrate can have any suitabl e di nensions 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 WD

2007/ 055901PCT/ US2006/ 041421



14 polishing pad, or can be recessed fromthe
pol i shing surface of the polishing pad. The polishing
w@2am7os80conpri se one or nore of the poli shi ngPEEUS2006/041421

substrates of the invention. The polishing pad

substrate(s) can be placed in any suitable position on

the polishing pad relative IES the center and/ or

peri phery of the polishing pad. [0038] The poli shing

pad i nto which the polishing pad substrate is placed
phase sgpardimniathe shéet atvrplsalogyadzindepohirsliddisy ¢adgigties dodent/non-

rmi/g]lt i ch ekngvvninthe,art. The g}olishing pad -~ |
solver gaiio: B PIYSICHaRiOE (B demtlycanin b Tegponsihieston dirnorprmlesy G,
pore sRAEthRH LA %eQ@ﬁlﬁ?gkh%?mﬂhéﬁh@ M¥at kiSRG UIE A 1B sBtvent, and

For exanple, the polishing pad typicallly conprises a
polymenkgifrent intesictionse wbirheldpémdom thh diffgrengs it solsbiity payaméters for the

t her l.astic.el astonmer t her | asti c pol yur et hanes,
polympp By REReIREad Sorpelvert Typioabraueny/paaelvent ritios used rangé from
1:10 t§ 01200 2% hieR @b:© Bro vkl HMis Rt 2 & ah Sing Y 598 FomEd. 85 hREBAI © 10

rubbers, el astoneric polyethyl enes,

micropp| Yreevaailuof weh hytramy syponyies Mﬁ@@ﬂ@ﬂé@‘ﬁﬁﬁdb@w@ne vinyl
i i ' | yst
R POAN L 5 BRI B KL B0

mixturd (RLA50eBy tegshe DMSON& J0ed kshithih Padseanalbenpramueaed forous
any suitable method jncluding sintering, injection
sheet yih gpsegizes i heranagiafd, o dQmig®onsn, sol uti on or nel t
S : oo, _ . .
0036 20 e 0 00y ¢ PTG b
pressucesito donae risepearpriticalifuicl gas édo aeblid polymier staset eonprixea polymer

resin. gﬂeipsﬁggg%ggs%g géﬁgéﬁyggghg %%%t%.gqu lfg\é\fn? g%%ge%gli&gvg. Z%olid extruded
sheets GEEHIRESH 41904 erPRratif iR PRdssHPRLEAL & %E)extcﬂﬁcal g8 g/e. g., Ny or

invention have a polishing surface which option
CO,) 1 gdddste thovssélsans! the verselds prohamized & a lewdl wifficient to force an

erforations which facilitate t | ateral ., transport of
soprofiiic SRkl e il Rkt el b b Fidints " TRESROu of gas
dissolvedl ih 3y Frdymadis aue&u}glls@pmmalqb amg;pﬁed PlesRRs AQorlih®RSHenry’s
1 can be in any suitable pattern and can have any
aw. Igereasing e deppaatarriofiihepolynehghegbinceshsas ghepeate @fai;ffnweofthe gas
- i t le.a
o Y0 TS S0 S 0ANE P BET o O SRR o

Once ttie gas hdseHoronghly Satufladdetht pblyARS, tRS heelR@erd b GaMESm Cldd progsurized
in,the &orn1?f slﬁnted,grooves, concentric grooves,
vesselg EPF sulsngpobRfT SRes) frberdly haxelt sigessnging tom 0.8 mpicroanp 1

- ol | i Ly
i 1 B8 COUTRURHS s ROTLEQALAUBUSAT, ROMBEE ol e
with thgrrousedlsprpeass) tbeporb pize oéi idgrodoysadatedal ds 4t least ingpare¢dnardied by the

040] Pol i shi 4 i sing the polishin ad
ool BRIV B TRl S, Lhe ol Lo pg pet
[0037]t O tinEerP@E bEhinMcE RRIkuBHRSE b2thE invRBorPEorl¥RfuResUnihEL ortiog ofa

.. features or conponents. For exanple, the polishing pa
polishiggtiadrihe polihing rasravbsteate eandieoneunséd witd & polishingiedsising any

. , 0si and. chem cal, coppositi ons. .The oy
st §UAIERE, FRELARY AT S FRIBIR g S o ptising
pad thid0@H {8 0F BlHbs1ve2 00K fiflikhidk ph8 substrate can be mounted into the top

portion of the polishing pad (e.g., the polishing 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



particles including abrasive particles (e.g., netal
oxi de particles), polyner particleswatersoluble
w@anvosdoes, wat er - absorbent particl es, hol | ow PCT/US2006/041421

particles, and the like. [0041] Pol i shing pads

conpri sing the polishing pad substrate of the

invention are particularly $ ited for use in

conjunction with a chemn cal =fechani cal polishing (CWP)

apparatus. Typically, the apparatus conprises a
polishfilgata@lor dahibe Recewded ronm theg@lishiag isurrfa[mtoif&[b tﬁihtdhlhg%a@ The

velocity that results from orhital
polishgigmad cak compEPReHT pyTe gfﬁhﬁ@)ogsalang: B?‘%)?"r@‘irﬁﬁs @thtge invention. The

pohsh%%ltqaa?hlg&rg@g caHBE g[a%@moefnytsﬁﬁﬁﬁltg ﬁgﬁﬁ@?@n e \Xﬁ) ?% bad relative to

t'en and novin aten
the cemtot mmmrl:&ngha'y@athamﬂtshﬁtgpacﬂtol ds a workpiece to be

oo 3PS, B RS L e e o
any su‘l‘tﬁﬁl% @bﬁﬁﬁn% ﬁ&?ﬁaﬁhﬁp gy of ReidohKRhGEEInDEE Bﬂ %@%@ﬁ‘sﬂtﬁg pad

cont act he polishing pad and then the polishing
typlca]dms mqumgr <vréy a@ntlxably tr@nsltmnt/voTh@mcétsbmgtpﬁ@ p@taccnypm\aetahy quitable

polymlpelglé glt% gng S¥n f’ pi) A gﬁ%aglq%%% file rfsaeé ﬁtp{(}lﬁzgter 285 setlected
from tlfi@ gi@ap Q@ﬁsmtﬂg%fml@éﬂnablaﬁﬁc a@maaﬂst th@ﬁndpt@u@ @olarethanes,
nprises a liquid carrier aqueous carrier),

thenn@plcha)@}w%w; PARHYISPES: aﬁlapqrbo%teSaﬁelagmv@lcotaelﬁemﬁdwﬁg
elastoﬁ’l@n& RBEXPEQEmARE g{ﬂ'ﬁ@tﬁﬁak’}% g ?Ilahﬁ&%gthpf eﬁg pol i shi ng

nposi tion option er conprrse oxidizing

polyethglemtsnaphxhg]am, pol&nmdss, polmxﬂmmesn go]gzggtms, pobyshyrédesy s,
corrosi on_i nh ors,

ants I.bi
polymagﬂéflw Htes P DRSS hrOEpl é‘BE‘élF%&t %re%’fgﬁfrﬂ&@%ﬁvng pad can be
produédd! Hyai?lh/%u@ﬁe ﬁ{bﬁﬁ{d%élgdmgﬁﬂﬂerﬁf W EiBn ﬁ{o?dthg %@w'n‘ibl&i’ﬂ%
art.” The pol1shing pad conprising the polisRing pad
extrusgup salutagreorafielt basting\vérer spinniag sthemarfolraingsand th hhe The polishing

ped cag S33Plid B8 PO PR CaEp T EBE Rl RO S ER 61 S rprtain open cels,
or can®RHRY NHbRAk @&biodtd ﬁm%h@rpbtﬁieama%eaﬂ%slhe@r e known in
the art. Techniques for inspecti and nonitoring the

[0039bol |P$)Iht31iﬂ§g padsceosaprisinghe pylishi padg;nbsttﬁte of the invention have a
pohshln% | Etgéeovrt}h{cﬁ lpﬁéﬁag t%@épccﬁmi’é%% %'goxgerséé}ggg 15 Iagtﬁ}é)? ‘f)?rforanons

which€¥@lifateethe ldlerbl fansPadtt 6N polhik@todipdsitichSacréattRaturface of the
5,433,651, U S. Patent 5,609,511, U S.  Patent
polishgiemed. Sueh sigoxes, phansgls, o RsE@Tatipns can b inpgy sRitable pattern and can

have a?yé@gabg%%pﬂg 121 A (2%1.22%16 gc’)%ggtg;lpgaé:ca%h% tggat (Zrﬁ%tore different groove

patterts, 84 @x8Rple aaamhthhe&onl%dﬂﬂge gfm,ogé‘sfla,rﬂlkfﬁtalltpsévealak desctibed in U.S.

[ etl or nonito of t he ss of t
Patent TR L STESREEE i PR LS B Ch A R R grooves,
spiral Bp&iﬁc%llf'z@%r@d?@p Ieg ckfk@hﬁ&{ £4fEd) @hd esh E’é chﬁﬁu&%l dridhREntinuous in
end-point, i.e., the determ nation of when to
conneetisrityl Paeferabhi thepalishingpag cowprseswk teastrsemPearooves produced by

rtjcul ar wor kpi ece. [ 0043] A polishing pad conprising
Standa?‘ﬁ dp%qrth?nggngtb éSUbstrate of the invention can be

[00401iS ePoRkIAL pads coRdprRiR thy pslashildepadsebstage OMNBe irBMAtiordEana
mul ti-layer stacked polishing pad. For example, the

comprss ingdditignga thepphishiog ped substaieopis oranprsiwtheir fepteres or components.

For B0 e SR PRESRERANN o R R rerions of &fpngconsity, ardness

porosiSy ahd bhegnisallpagsitioas. UTiee gudisiing @ad apgordaligrns udmapﬂ& sotid

g., Poron(r) foam subpads from Rogers Corporation),

i npregnated felt subpads, m eroporous pol yurethane
subpads, or sintered urethane subpads. The subpad
typically is softer than the polishing pad conprising
t he polishing pad substrate of the invention and
therefore is nore conpressi ble and has a | ower Shore
hardness value than the pollshlng pad For exanpl e,




[ 0044] Pol i shing pads conprising the polishing pad
substrates of the invention are suitable for use in
w@oiorekionyg many types of workpieces (e.g., SUubBCT/HS®E6/041421
or wafers) and workpi ece materials. For exanple, the
pol i shing pads can be used to polish workpieces
i ncl udi ng nenory storage deyices, sem conductor
substrates, and gl ass substrates. Suitable workpieces
for polishing with the polishing pads include nmenory
particles inkluding obirsskse pantige(el o, thealdsidoviviicldgvpaleder particles, water-
sem conductor wafers, field_em ssjon displays, and
soluble pardielefy wateraahserenhpaticlgh SoHay @é{twg%spaé@i tEP ﬁge-

i i _ iSSP .
(00417, CTRRAEE bASY iRl A0 BB Bk S h BlhRlon gre
particdady sudtedifor wsetie coghsdtioanifioa chreatied]-noeahtsicali podishiag €CHIP)

G, . , | . _.al.um.num nickel, ..
sopardy, S S PR FURHERR Aot U i heh Fpnfogh motion and
has a ®AEE (RABLRITBLA Srbital Qgéé%og'dcﬁ’%fﬁfa?ﬁfo%n,&hﬁﬁﬁﬁhin@;)a& REmprising

presént invention is a net manuf acturing a_ '
the pobikleng pad sulrsicata nf thelinyratios fn eaptqcCpith thaplateniand mavingwith the

Spi nodal ..deconposi ti a, pbi nodal . de ositipn. or
platen ) 3R Rou SR SR R Pull ARl elacing and
movin?h@laﬁﬁé foQBe §8HARE 08 & PolishiBe Ba@ NThepolshpol e Wakpiece takes place

orm ng a layer of a ggl yner sol ution conprising a _.
by theypripigge baiag plagediasopagt with Seglisiing pad apdkihen theqefishing pad
o ' e I, QRN G : I

ol B AP SORI AL A R o BBl 0 s
abrade@atdeat 4 peptiod of Hewesrkpicte to mfhial éhedivaipiese dThé pdiishingtvemposition

. continyous polymner-rjch phase; (c).solidifying th )
typically Rom RS 1&911%&1@4 &h APRALEOYS &&%ﬁw agfpaéﬁl&% i98l gatigpally an
abrasi9) eﬁ%ﬁenﬁﬁil% o‘ilecHQWﬁE Sf %?ke;ﬁ@e\’b%H{g' FdlsRed BRP1ERRB b ABosition

s poly t; and (e) pa

m cr opor ou r she e) formng a d
optionaHg mefyforher Thepphase dzapagnisorrgimidacids) dompidxeng agents, pH

sol ion can be a .spinodal. deconposition,,. a.pi d
butfer St 0B 08 TD P U O ARE Prf0dg B a Ll CMP
appar 8PS Hel 20 ,sui@atbl@cwrsz)é hOthahh oF @Bfch RekRSVOUSthe art. The
PP pol ymaricg]sheet WO 607/055902PCT/ US2006/ 041421 17

polishingspag cpmpoisingyhe polishingmad gebsortexy theingeusaardsccesibeused with
. Qf:€S_ hayj ng an average pore dianeter in the range of
hnear%g{ﬁnqg)to%fa. mcrons, and a relatively narrow pore size
[00421i sthdshublyOthe CMBP appaatn® figthet Z@mpiseh th busihogolishinglehdboint
75% or nore of the pores (e.g., cells) in the porous
detectipasyptpry maRY ef whishrage known i@ tBe pithipehsiatss fog pspeshing and

o 380 SO0 0 1AM Uy ) 6550 AN RUBE By
of the syirkyietal arelko@mp ostht adn Sprlooetsds atealebaibwd pior oxwsnple, in U.S.
poceBELEEL 6 T4 25201 08 FRL A 81 Posa et b v s

Patent¥9658, 33, TP Paldi 9;736322 (3 89Batentd E3R7A4A, schan®dnk 6,895,683, U.S.
| 7’quid-Tiquid phase separation diagram of a
Patentgo89AER6, Hlo$.\Pateant 5,949,927, and U.S. Patent 5,964,643. Desirably, the inspection

or monitoring of the progress of the polishing process with respect to a workpiece 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



m xture is shown in Fig. 1. The phase diagramin Fig.
1 shows phases of a pol yner-solvent m xture as a

wo paonosioon of tenperature (y-axis) and pol ynerP@DUSave6/041421
fraction (x-axis). In the phase diagramof Fig. 1, the
pol ynmer is conpletely soluble in the region of
tenperature and volune fraction of polyner outside of
the curve | abel ed DBF. The }(égl on under the ABC curve
is referred to as the spinodal region, whereas the

suitable %?ﬁ.e&rﬁe SHRE By Ss fefude gﬁlﬁ%réﬂé}letfgﬁn epaﬁk‘ (&€, PSron® foam

to as the binod regi on. Phase separation
subpadscfmm Rogbte Emlbmamcaﬁnmegua@dafnld swbﬂadmmbmomug molyargthane

subpaciNI eﬂrp%ptg{e ruéel?ﬁ » cu eg[%gﬁu et tmlﬁagg};és s%ﬁqr t]a;H} tga Ipo]d%hnag pad

comprRiRSfe §Slﬁ)ﬁ'ix%[ peﬂrbugﬁ%ﬂé f thB efvRntibiead therefors ﬁ@ﬁiﬁﬁ?coiﬁ}ﬁesmble and
spi nodal curve, formng a polyner-rich

has a lpwersShase Hardness Ivablmthan thh pph@mmuoq@h e eXiS@]Pll%ﬁhP isu,lmari GAn have a

store AehebifeP B 2 REV ER BRSSPI

compre e Gind ao hi@ib@hq@él asdnéss tiexaht p@l(ihhm‘g pade |’Iéielsub1b@d optionally
hi gh pol yner concentrations (e, g point_ A in I\K%a

comprisps gioREesp hapels. RlloRY jeHeRs, Wé‘%‘lﬂ“tssal?qlimff‘éb ad theflige. When the

. | I Z .

pOllSh]?lgg)r%h ?g }%?Iﬁ\geﬁlglbﬁ gsv 1?5%&1% b t]{ngtgfrp\? th ﬁb g@%fl?'t}{b%jls an

1ntermedmtbém:k1ag layres suchi agial mﬂjrejzhylmtm@pmlaﬂgte digmsepeptehnyive with and

ets..in which t sity is relatively low (e.g.,
betwe%t%fzgogﬁu/gwq%a% @S pfg in the range of 0.01 to 2
[0044#1“ Cr}‘%ﬁ%}m%%&is%ﬁ{ nsfn%rfh@ﬁélﬁs’hir@ pad RENdtAGs 1R AbéMRInlare suitable

r concentration § .g., at point Cin the
for us@ln&gﬂlalmngfnaﬁygypeipf workpienes (@g subatrpies gnenfesy eed wodgriece

a sol a po congent rat i on, at
materipls Ebfje s Rhp iy A PR r G SEborRr MliPseRtp theiie
memof}estgrage d&viter, SMUcotMulcldr BuRBhRs SAndeliss sithitrateangeitatile Godkpieces
nm crons Furthernore, the interfacial tension_ is

for pokmwﬂb theqpelisbingads inkhide MeHIY 6T B, 1$1fén@égﬂf‘élﬁéle€%?n MEMS
device, ST #112%'({ ?tg} ?f?ife %tf'%fc{ %ﬁfrsrglr)n gﬁgspls@a?? %HH% er s a%el%&%FHE‘ substrates,
especﬁl@ylhﬁ@bélbﬂg)nﬁ&lﬁlbsﬁﬂtes sorgerishsg theslhtigglayede. g silicon dioxide, silicon

2007/ 055901 PCT/ US20Q06/ 4142 18 [ QO4%I n one exanpl e,
nitrides op o dielpriaisanataAl Bl gﬁﬁ’? agiing Byer e s SHRRSY pfalum,

I

tungst&?%%uamg}gl{ﬁ‘wﬁlggéel %{ﬁg{ggﬁ%‘lég}ﬁﬁhgﬁ {ngéﬁ?ﬁlh?r}#gglr}]l?’/ ‘gl?&'mﬁﬁérgﬁﬁer noble
metalg)ycl ohexanol sol vent at 160C. An experinentally

[0045o) & PirREiEEEDE Bh OIS FLP TS Bihee o e fronging o
chemlgﬁﬁn&%laﬁi%hl%h‘éﬁﬁg AR pag ﬁﬁhﬁﬂg b Qpia6al Wb sﬁldnh gbnodal

m nutes to i nduce CR@ase separ ati on. O| yrrer
deconmoagen,scmaa Sdlvﬁn%nlort-h@vgﬁyn edrplage aenah@mmr@@ﬁéa% S lmmt od

R

polymef re‘éiﬂﬁﬁis@lﬁeﬁ@ﬁ h)tollv&ﬁtﬂh&@fd)ﬁ%B gdupiagp aqohampmgtwmusﬂhz ¢ayer of
fromO0.1 t m crons and apor05|ty

polym@bq;q]mn t@fprq{g%e aKOPHHIEPe Wﬁﬁh pgﬁsegng@rlwgd solvent—nch phase
e BEL FHTETG BB B UEAD, Bl TR ROl i

rich plfldse 0 forMmad purels sodinibd hiets (ximemevmg 308 tent-vieh ghisedfom the

styrene di ssol v d in 100 a nt of cl ohexanol
mlcromlmﬂ ViR @Gefe:andr fonpg p ad Hgeiom. Sh BRpSE gomgsRion
induc@d tﬂ@%o@uﬁcﬁe ﬁgdg‘ (ﬂ%‘d@)lﬁ@o&ﬁoﬂ RSP é’c%gqp ition, a solvent-
separat 1 on. yrrer rich phasé soli di é)fsorm ng

non-savér éndmoedplerss sépamtgml, dr acambihatigotherent. ’W%poremcéyinblyc sheet
vacuum drying to afford a porous pol ynmer sheet having
an open network of substantially interconnected pores
ranging in size from0.01 to 2 nmicrons (average pore
size of 1.2 mcrons) and a porosity (i.e., void
voI urre) of 20 to 30% In all cases, the pore size

I



[0051] I n anot her exanple, 5 wt % of pol yethyl ene
(nol ecul ar wei ght =120, 000) di ssolved in 100 m of
wd2moedssvanol at 130C was quench cool ed to 100@CTThsE®06/041421
sanple solidified in a few m nutes, and sol vent was
renoved by vacuumdrying to reveal an interconnected
open pore structures simlagsto the porous polystyrene
sheet shown in Fig. 3. At a %i gher concentration of
the sane polyner (12 wt% under sanme cooling
has a parnsiiyt indhsrange 0H120 9?36 std cnprises pbres hevisp ertvevage pore diameter

. sim | e .that shown i.n.Fig. 4 for .pol.ystyr.ene.
i the 4k o 0.0 o A B o riBeiVots piivol agF it GRS . a pore
size ARBIBYEIBA it HRichISPPSEh oRIYE thd fredte. g @119 inThe pErBuPh@dfeial have a
di agram [0052] The porous pol yneric sheet of this
pore sigesegtibwion dfe-Spma o kess,inmere praferablyefl weor desp fowoihk apérage pore
substantially interconnected pores. At |east a portion
"of the liquid solvent-rich phase is dispersed within

[0046] he RaE@Bed ddABripficy SRHMEUAS aRPdNITRIa] GecdtPBLitiBAPraesses to form
porosity (i.e., a void volume) in the range of 20 to

porous pokyEsEC exsigsialsws hedpend ina.iBresadret al dowiyal ¢fdfadymer Science: Part
LA / ON LR 2006/ 041421 19 in the
BPOl%ngebglrs’O\Yégl%g%l %'%r%gﬁé( .g., in the range of
[0047D. 01A schematit of @ tiguiddiduid phade BeparA1vS, diggentoia ﬂogkﬁér—solvent
[ 0053] I n, sgne. enbodi nents of _ the fresent nmet hod t he

mixUEEHF Sy & Baekt Thrrhagn dagermid ol duvsphapesii@ nobyipe-solvent
mixtu%f as %Ofuﬁ&io'ﬁ%f’teﬂlgbr%ﬂ:@ }-/5{1'% %tﬂ{;l] gﬁ{}gﬁ% LBR: é’C{ﬁgB 'é%&?ﬂ? ©h the

as an average por oSl e o
phase Bagsanh af/ Figg 1,ahe pblytriey & gonipleblypolubtd inythd segipn, ofitempérature and

votunig it ohdglinty SRS pEBRmve RistLbBE: Thhzoih uatesfhe ABC
curve {NBFENE tHafge @f)inbaén%@Hﬁ_@,@%&@dg&h@&?{&%&ﬁg&%& ABC curve and the

i nvention are open and interconnected. The open pore
DBF ayryas referedinasibebinol region.r Phask sepazatbndicspo geiendhe temperature

bri.s gengrat.ed duri olishing. The relatively
andvoﬁ‘%??&ﬂ/c nsﬁli ﬁ??g}]e%ggﬁg’fvg‘ si zes reduces directivity
[0048] N Gor eRArBple) 208 teAPERSure FdpResabicl bl ¥hd Bnd X! MNig@dIig@id phase
relatively high density (low porosity) also )
separagigh PeFust Tasrerthe Heeicaesses thaispigodal d\E@¥ swivenforpggsupoteer-rich
liquid gg%%%lgfi@rSQT#gg%g%%l?iql%ﬁJsg.p QbR T &Qﬂé p&%ep fofh each phase and
removal of solvent results in a polymeric material having different sizes depending on which

size

phase is examined. At relatively high polymer concentrations (e.g., at point A in Fig. 1), the
polymer-rich phase results in relatively smaller pore size relative to the pore size obtained from
solutions having relatively low polymer concentrations. Similarly, relatively dense polymer
sheets in which the porosity is relatively low (e.g., 20 to 30% with pore size in the range of
0.01 to 2 microns) are cast from materials having a relatively high polymer concentration (e.g.,
at point C in the diagram of Fig. 1). In contrast, a 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
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.



that can be readily controlled by selecting the

concentration polyner resin in the polyner solution,
waalogosiong of t he sol vent based on the sol ubi | PEEUS2006/041421

paranmeters of the polyner in the solvent polarity of

sol vent, selecting the conditions for phase separation

(e.g., the tenperature), and,the |ike.

[ 0055] Preferably, the poly §ic sheet conprises a

pol ymer resin selected fromthe group consisting of a

[0049F herBRAE 8gdrhSled ﬁﬁ?@y@he (8ol BATPALRNSII1 160000y sHeet W@ st from a
a thernopl astic polyol efin, polystyrenes,

polymgqJekaTeIEINE Yo 0D AT EY 05 DIGBBTCre Asig e n K9 ml amount of
exclolS AR (08T 0 SbeRh AR LAl R K RLeb R By s

polystgrepelcytlohelanobsypieinyia Smrimlﬂ'ﬁl. Fi%. DOTllyamHltﬁmewasaqﬁench cooled to 55°C
| ystyrene, a polynethyl met hacryl ate, a copol ynmers_.
and hq'?ﬁ Biegpfor 19 mnyteptodndyce Rhags wprraipn.c The pelymghpase gelidified

i . . .
thera R R ST BUES  RE R R R by yaqmm frving to
affordsgloreust®lymer shset haminghhopaehétedriaspmbstantfiallynetepromaertitd pores

. inventi.on gr% gsters, e hers,.aLcoho%i,lketon 0
rangingiif sizp SOm Uyl dicins At f EOKRGEY BarBheoarheh ijp- A
photo@itrd ggpt@l@f 4 YR polﬁﬁﬁfeﬁé siRdt SIOLYQRALY thRpré®@utels shdvn in Fig. 3.

met hod aspect of the present” invention are polar

[0050kpr chiather polyshirenesphaethasrcaspefiors amplymersolufiontcompasigg 30% by

. thyl pyrrol i.done,. ~di et hyl f or mam, de 0
weighp TRl iRl 0B el Y Ryt pqdyont et 160°C. The
solutidrewvaaduegtiptovladio 5990 aad Yieldahdit i@t li0aRimdtest:d éhduce phase separation.

f or egai ngg, whjch are well known in the art. The
The pelymgefich phgsesalidifiad (egming srihermorencesibls ¢eb yad s sphent was

remor 157 var ol B R R Bifbck Bol i Mot iRt HE bR poiwork of

substaatibtlixeinteredrmieppd pores reagingviagivefront 0©¢ ze 2 diigtong {avarage doye size of
combj nati on thereof.. 2Q07/.055 PCT/ 1US2006/ 041421

1.2 m%)nfb@??dﬂ POTOHUH-Ef @?W&M&#ﬁéﬂ? Ot ﬁﬁwﬁ%?é* the pore size

distrib¥@bi bb@hell SyRhERAb &M aBY sHhSBO i¥dAh Riton §romRBE R3ELGvely narrow
pol yurethané resin (1 to 50 w% 1n NWP or DVF at a

(e.g., typieply kessithan 46 aviero8@G:rs)T reephohragieragegqpéir eftai pomouspol ysésmene sheet

made DS Rte B Dok bR (4Bl R PERpATE GRS Bl
inside S dpimsdaMiegion ldfithe FHidde %anﬁﬁ.%.,%' fhodhll dedbinBosition).

0058] The step of renovi n% the solvent-rich phase can.
[0051be decaethpi exapwley vefyof polyethylene (molecular weight=120,000) dissolved

in 100 ml of 1-dodecanol at 130°C was quench cooled to 100°C. This sample solidified in-a

few minutes, and solvent was removed by vacuum drying to reveal an interconnected open
pore structures similar to the porous polystyrene sheet shown in Fig. 3. At a higher
concentration of the same polymer (12 wt%) under same cooling conditions, a the pore
structure of the sheet was similar to the that shown in Fig. 4 for polystyrene. This is an
example of phase morphology obtained between the spinodal and binodal region of the phase
diagram.

[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



conveni ent method known in the art, such as by

evaporation, by solvent exchange, by solvent stripping
waamensvacuum freeze drying and by any conbi nBaT/0U82006/041421

thereof. [0059]1n a preferred enbodi nent of the nethod

of the present invention, the polyner solution

conprises 1 to 50% by meigh{ of the polyner resin,

nore preferably 5 to 20% by %E|ght [ 0060] Dependi ng on

the solubility paraneters for the polyner and sol vent

in the thgt BE0ROkY 1B misBhd!{el £1n thd¥@nsé b£MOt kb 9miébAs, 0.1 to 2 microns, and
gymer-duuent interaction (e.qg., when a diluent is

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

[0053]lt Elethb %ltngg 8@?@ enfd ot%%?;ﬁ géréggﬁigghggttﬁe p&ﬁ%}%ﬁ? E}b P héﬁt e{noe{Qferage

era ur ce

poros1ﬁ}€1ﬁah@fa!ngé1 of 200¢b 30%.erpethareiteydémerth ﬂleqimamﬁerﬁmhaétﬁtas an average
be a |iquid- I|qU|d phase separati on or

porosify laah@r@gp PH7 (B)Wa%%/ s Bfrhaying . e Vel RS RRSBRI 41 hferange of

10t 0L Ml SR g Sy BICob| Yogfhl eoors of

the CMB @ada@ﬁthmlar@odlmemEnf thelpresesthianentioh apobdpeaiand gnteChR)ected. The
open ogg,g]:uc reI %%ﬁg Sil,il?}zﬂfo){vcﬁ}p alisgma& pf g;:hn(sagengr%{eg]cpu%ng
polishing. The relatively narrow distribution of pore sizes reduces directivity in 65 nm or
lower nodes. The ability to form pads of relatively high density (low porosity) also contributes
to reduced dishing and erosion.

[0054] The method provides for microporous CMP pads having a porosity and pore size
that can be readily controlled by selecting the concentration polymer resin in the polymer
solution, selecting of the solvent based on the solubility parameters of the polymer in the
solvent polarity of solvent, selecting the conditions for phase separation (e.g., the temperature),
and the like.

[0055] Preferably, the polymeric sheet comprises a polymer resin selected from the group
consisting of a thermoplastic elastomer, a thermoplastic polyurethane, a thermoplastic
polyolefin, polystyrenes, a polycarbonate, a polyvinylalcohol, a nylon, 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. More preferably the polymeric sheet comprises a
thermoplastic polyurethane.

[0056] Examples of suitable classes of solvents for use in this method aspect of the present
invention are esters, ethers, alcohols, ketones, nitriles, amines, aromatic hydrocarbons,
dimethyl sulfoxide (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.



(b) inducing phase separation in the |ayer of polyner
resin liquid solution to forman interconnected
w@loynE9dr networ k conpri sing a conti nuous pol BEEUS0D@0M1421
phase i nterspersed with a continuous pol yner-depl et ed
phase, the pol yner-depl eted phase conprising about 20
to about 90 percent of the gonbined volunme of the
separ at ed phases, the phasée€separati on being sel ected
fromthe group consisting of a binodal deconposition,
[0057]2 SHi ApRErdepuaaadt it polprakv@hitionds ﬁﬁe@hﬁed by digsdivirech
phase separation, and a conhi nation_t her eof

thermO@b'aﬁtlg polb/dteﬂ;@mﬁ gestthid 9 épW?)JF NOAP R BOGE aia tegpgragure above 80°C.
rhe S TARBL T ARSI B8, AR, BRE R BRIRNI o fempertr
below 809t Oiten hﬁﬁrogéiﬁquimgrmhfedsrsheh &ij;ﬂKgé[é{Ejmaqb @MAdare also

MAthIn the pores, the polyner sheet having a porosity
suitablery; t he range of about 20 to about 90 percent by

vol IVER:Sch SREE BId 15 RYoRBHGRABFUNHT
“ms&d Eg?éﬂg%?“gﬁﬁ gﬁgévof ab&%?'o 0Ol to %bgdt 9 5
convenientmoatsod known in the art, sedb) ay bmngapmgman, b}e@é‘tenae}pﬂiﬂlﬂgﬁahy solvent

N e e

[00591pol YA'B bréi&@é@érﬁ&bdﬂﬁaﬁ%flﬁﬁe B6%0aBf ihsheekehinferdtioar®s polymer
sel ected fromthe group conS|st|ng of evaporatlo

solutlomovmeSektsarﬁ}‘i@ by vesighy efthepobymsiragn.unerePrefa@hling to 20% by
freeze drying and any conbi nation thereof; and

wel %e) formng a CVMP pad fromthe porous polynEr sheet .

[0060]2. TRpemiiA@an te soludility patahirtees fbrtt]ln@pq:lpﬂnwm’rd sob&inhini the polymer

selected frogmthe group consistin theranIast
solutiosy thetsyepsgth oatmw}mﬁsrdaglﬁn@nwcyep Z? -Faffen g diluert is used fo remove
¢
the Solt/&ﬁ @%ﬁy‘}l’%gf éé ohﬂfgé] %glf tﬂd p@?ﬂ@élﬁﬁﬁ&&%ﬁﬂ the %olymer solution, the

a ny l'ast omeric rub
rate of&brapéraim dmp msé@/mnh@dcm rphaswsepmayd)m tandfike panamewys ehtﬁ;haae

separai Olb 8% h (J;@]ag!%fae%greaﬂgn oga¥1q1ql1dgs%hd phgse s%par ation. elh some
embod?ﬂ'e)ﬂtg%{eq}’cllﬁﬁ&r@ﬁ rd}s?éll@ze gt 1%99@ Qlaﬂﬂéﬁfl Sdufrid gro@ ?ﬁor @ndlidification.
m xt ure 't her eof . The net ho claiml
wherein the polyner resin conprlses a thernopl astic
pol yur et hane. 4. The method of claim 1l wherein

the polyner resin liquid solution conprises a sol vent
sel ected fromthe group consisting of a polar aprotic
sol vent and a hydrogen bondi ng sol vent. 5. The
met hod of claim 1l wherein the solvent is selected from
the group consisting of N nethylpyrrolidone,

di met hyl f ormam de, nethyl ethyl ketone,
tetrahydr of uran, di nethyl acetam de, and a conbi nati on
t her eof



6. The nethod of claim1l wherein the step of inducing
a phase separation is acconplished by cooling the

| ayer of polynmer resin liquid solution or by adding a
non-sol vent to the m xture. 7. The nmet hod of

claim1l wherein the step of2lforming a | ayer of pol yner
solution is acconplished by casting the polymer resin
liquid solution onto a substrate. 8. The net hod
of claim1l wherein the S%%Pd formng a | ayer of

pol ymer solution is acco rshed by extruding a |ayer
of the polymer resin liquid solution onto a substrate.

9. The nethod of claim 1 wherein the cgol_ymer resin
li qui d gdmathasnofcpapiadeingp ehamiqalipechptal pobisiag (eMP) pad

- el f .t he pol ymer resin. 10. The net hod
confinf ol

erein the polynmer resin liquid solution .
conpri sgs) haing aSayed ofib polymi2Drepiriz@id sdhytionei ght of the
pol ymer ({))elsnldlrlléing phase separation in the layer of polymer resin liquid solution

to form an interconnected polymeric network comprising a continuous polymer-rich
phase interspersed with a continuous polymer-depleted phase, the polymer-depleted
phase comprising about 20 to about 90 percent of the combined volume of the separated
phases, the phase separation being selected from the group consisting of a binodal
decomposition, a spinodal decomposition, solvent-non-solvent induced phase separation,
and a combination thereof;

(c) solidifying the polymer-rich phase to form a porous polymer sheet
defining an open network of substantially interconnected pores and. having at least a
portion of the polymer-depleted phase dispersed within the pores, the polymer sheet
having a porosity in the range of about 20 to about 90 percent by volume, the network of
pores comiprising pores having diameters in the range of about 0.01 to about 10 microns;

(d) removing at least a portion of the polymer-depleted phase from the
porous polymer sheet, wherein the step of removing the polymer-depleted phase is
accomplished by a process selected from the group consisting of evaporation, solvent
exchange, solvent stripping under vacuum, freeze drying and any combination thereof;

and

(e) forming a CMP pad from the porous polymer sheet.

2. The method of claim 1 wherein the polymer resin is 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 polyimide, a polyaramide, a polyarylene, a polystyrene, a

polymethylmethacrylate, a copolymers thereof, and a mixture thereof.
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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.

6. The method of claim 1 wherein the step of inducing a phase separation is
accomplished by cooling the layer of polymer resin liquid solution or by adding a non-

solvent to the mixture.

7. The method of claim 1 wherein the step of forming a layer of polymer

solution is accomplished by casting the polymer resin liquid solution onto a substrate.

8. The method of claim 1 wherein the step of forming a layer of polymer
solution is accomplished by extruding a layer of the polymer resin liquid solution onto a

substrate.

9. The method of claim 1 wherein the polymer resin liquid solution

comprises about 1 to about 50 percent by weight of the polymer resin.

10.  The method of claim 1 wherein the polymer resin liquid solution

comprises about 5 to about 20 percent by weight of the polymer resin.
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