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The presewDoBny®ati on relates to a polishing pad. In part ipcalso2/4dcbe
polishing 5 pad of the present invention can be porous and, can conprise
particul ate- pol yner and an organic pol yner binder. The polishing pad
according to the present invention is wuseful for polishing articles, and
is especially useful for chem cal nmechanical polishing or planarization of
m croel ectronic and optical electronic devices such as but not limted to
sem conductor wafers. 10 The pol i poISHING PAPnari zation of a rough surface
of an article such as a mcroelectronic device, to a substantially snooth
surface gener al | This applicatien elaimd priprity keprowvisipmalkapplieationviierial Nbe wor k surface
of a polishj i d and repetitive notion. A polishing
fluid can bée&?%#%pcﬁzeggg%% \?\)/gg%d’?qugﬁrough surface of the article that is
to be polished anik prosentinvientdorn febates toh pdlishipppads Th partieatir, th&pdlishing
fabrication of a._m.croel.ectronic device can conpri.se.the faor r’rfat‘iﬁonm f a
plural i t§ opadofaprareal IVERERN 28 B POIPLS G o ORPESC RATGHsig pelyires an

conposi ti 0Ny Pérghie polHRE bidke TiRIpoliskink P&d Bédordiftothe PRsédt HReptioe de. The
integrated circuits generally can be Tornmed by a series of process steps

i n whi ch pagsefill ferpalishing srtislesnendeis iespesially yseful fas chesrigal dpgohanicalnsul at i ng and

vhi ch pa s | .
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have a pl anamoplmitsd&dsemitmtduetoewaferssar i ous st ages t hroughout the

production process. As..such roducti.on of a 4 croel ectronic device

Pypi oal 1§ huol o BAShisger PHEGERRSh A ErsBC SR CEiFIG RS Prvol ve a
plurality ofniiedéHdnRUH@PD a MBbiaRtiAFRmREvfabd gérefalySfivelies riBbiggt han one
polishing pad. 25 The polishing step can include rotating the polishing pad

and the seteconghuurioee with ghorwerk sufagernsie nobishing prdising2 corirqied gadice of a
pol i shi ng f}eg%tgivem&iorp R géﬂhﬂgg filidlcdh 6 tt%ﬁo hdtweef ltﬁ‘eaxjﬁhggs%%t% %gtn

optionally ¢ aln an abrasive = particula material suc
limted to thamttictuthat is tebe pelished hutbthe pank surfidcapé theglolishing padr parti cul ate

silica. The polisghi fluid.can fagci]itate .the removal .and 3Q.transport of
br aded Hiat er | al Tt BOFRIORRES MietsRerienie deyhe S PR I8 ek & o,

Pol i shi ng pﬂdr&ig,aéﬁﬁte@fatﬁ ¢ifcwits Uh B safichAhetoralibdiRite MTheRhositidt of e vary
from pad-to-pad and throughout the operating lifetine of .a partjcular pad.

Variations substraie cagingbydesilicor opgatliumeseriggo dhe integrated circuits generally
can be formed by a series of process steps in which patterned layers of materials, such

as conductive, insulating and semiconducting materials, are formed on the substrate.

20 In order to maximize the density of integrated circuits per wafer, it is desirable to have
a planar polished substrate at various stages throughout the production process. As
such, i)roduction of a microelectronic device typically involves at least one polishing
step and can often involve a plurality of polishing steps, which can result in the use of
more than one polishing pad. 4

25 The polishing step can include rotating the polishing pad and the
semiconductor substrate against each other in the presence of a polishing fluid. The
polishing fluid can be mildly alkaline and can optionally contain an abrasive
particulate material such as but not limited to particulate cerium oxide, particulate
alumina, or particulate silica. The polishing fluid can facilitate the removal and

30 transpoit of abraded material off and away from the rough surface of the article.

Polishing pad characteristics such as pore volume and pore size can vary from

pad-to-pad and throughout the operating lifetime of a particular pad. Variations in the



- 2 polishing characteristics of the pads can result in inadequately
pol i shed and planarized substrates which can be unsuitable for fabricating
sem conduwoas/osa@bers. Thus, it is desirable to devel op aPpaltisshisge pad

t hat exhibits reduced pad-to-pad variation in polishing and planarization
characteristics. It is further desirable to develop a 5 polishing pad that
exhi bits reduced variations in polishing and planarization characteristics
t hroughout the operating lifetinme of th@ pad. In accordance with the
present invention, there is provided a polishing pad conprising: (a)
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WD 03/ 05409§aid p@ticulate polymer.

As used herein and in the claims, the term “substantially uniformly across

working surface of said pad” refers to the distribution of the particulate polymer and
20 organic polymer binder such that the variation in physical characteristics of the pad is
reduced, and the uniformity of the physical characteristics of the pad is enhanced.
As used herein and in the claims, the terms “in-situ preparatlon of the binder”,
“in-situ polymerization of the binder” “in-situ formation of the binder”, and similar
terminology, refer to prepanng, polymerizing and/or forming the organic poiymer
25 binder of the present invention in the presence of the particulate polymer. In a non-
limiting embodiment, the molecules of a binder precursor can chemically react with
each other to form the organic polymer binder while the precursor is in the presence
of the particulate polymer. In another non-limiting embodiment, more than one
binder precursor can be used and the molecules of one precursor can chemically react
30 with the molecules of another precursor to form the organic polymer binder while in

the presence of the particulate polymer.



PCT/ US02/ 40626 Sui t abl e organi ¢ bi nder precursors for use in the present

I nvention can be selected froma w de variety known to skilled artisans.
Non- | i m twog3es@epl es can include nonomers, prepolymnmers, PCEFAiSNy 4@l

m xtures thereof. In a non-limting enbodinent, the organic binder
precursor can conprise catalysts, crosslinking 5 agents, curing agents, and
ot her conventional additives that are known in the art. -In a non-limting
enbodi ment, the percent pore volunme of the polishing pad of t he present

i nvention can be cal cul ated using the folTow ng equation, "100 x (density
of the pad) x ( ol une per cubic
centineter) can péd)ﬂtah toégarﬂl%gad?rr?r%l&l?@{%%ﬁgge Wi ﬂﬁéﬁ%nrt ﬁ@ggug%g‘{r’l]l ard Test
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per gram can e determ nec{ by neans a mar é/fp r osi r met hod in
accor dance Hflge monamess,BrgRo E@ersug‘?s"r‘i‘ﬁaﬁ qfj {0 ARPR-{ liﬁﬁ)rom met er
from M cr onggiddihshnt; the brdaRid WAGS ptdiat éa‘hdé%?jﬂ]sérbat sk, SRAMlrkdgal | on and

t he- appendre%ﬁc aﬂlins rg 151 ngul gr oSrOFIB a, ajwémd tFgfllcl ude ... _.
plural ref agenwscmg@gmtamdeﬂ@r yoxmatlomas admawuth@@m h}own mth@@rtt 0 one
referent. For t RUrQ f

I ndi cated, all ﬁﬁr%bops ?xﬁﬁ%lggg%) %afn?enﬁ’gnﬁ)‘%rlhéég&)g%n‘forl]ﬁ{?%agféﬁ?’ Bﬁﬁlﬁ%@aﬁ %fn

condi tions thapﬂasaﬁ ifventibn uaﬂfbaaunmdtai uﬁmgeﬁeffollxaﬁmgnqmﬁﬂnp‘fmm{dmsﬂyt o be
under st ood g nodified in all jnsta the term,"about.
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attenpt to t [ t he
scope of théaetgnmedh% Qzﬁﬁ o%ﬁ%ﬂee?&ggﬁ)o} et elr’thg %fgo @é@fﬂggy ?onst rued
in |ight of4218kl€88muﬁhgan Afutapepoilt mdrwr;gpnrbsxmm ﬁdntheromnriutw appl ying 25

ordi nary roundi tech ues 1.t hst t the.nuneric ranges and
paraneters sett inlgbs 1¥°6‘? %ﬁ%useBb% S%R?Bﬁn ’P?nrﬁlgﬁ? ﬁ%ﬁfi?‘ﬂﬁe ﬁ‘

appr oxi mat | @RSy artfB8nd A anCaind Vel BRchRR pliral referérls tfless sxpRE4IY | hﬁd exanpl es
are reported as preC|ser as possible. Any nunerical value, however,

i nher eniby wwaAviapeallydimisgdioone sefsrepbeessarily resul ting fromthe st andar d
30 Jeviation TOUM hpld6lds of BRPERLIAEE ShiAMEAAN RARALE. alfthghiieds | 1 2
sectional representatr £ % po I'ng pad assenbly according to

present i nvexprdssing quhtiiizs 05 @scdients, reaction conditions, and so forth used in the

specification and claims are to be understood as being modified in all instances by the

term “about.” Accordingly, unless indicated to the contrary, the numerical parameters
20 set forth in the following specification and attached claims are approximations that

may vary depending upon the desired properties sought to be obtained by the present

invention. At the very least, and not as an attempt to limit the application of the

doctrine of equivalents to the scope of the claims, each numerical parameter should at

least be construed in light of the number of reported significant digits and by applying
25 ordinary rounding techniques.

Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any numerical value,
however, inherently contain certain errors necessarily resulting from the standard

30 deviation found in their respective testing measurements.
Figure 1 is a sectional representation of a polishing pad assembly according to

the present invention;



- 4 PCT/US02/ 40626 Figure 2 is a sectional representation of a polishing
pad assenbly according to the present invention, which is simlar to that
of Fi gur ew0 0Bs40ph whi ch t he adhesive neans is an adhesi weTasepmiskey; and
Figure 3 is a sectional representation of a polishing pad according the
present 5 invention, in which a portion of the pad, including a portion of
the work surface of the pad, is shown in greater detail. Figures 1-3 are
not to scale. In Figures 1-3, like numgyals refer to the same structura
components. In a non-limting enbodi nent, the polishing pad of the present

i nvention can i Yo : ¢ ' i nder .
The organi c pol g%‘?&ﬁa %ﬁ%ﬁyﬁiﬁgﬁﬁgﬂ?ﬁ%g‘?@} hag ag?ﬁ?}é%gfydgﬂ%mbyner.
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t her mopl ascompisd patculate PoBfer BRd amoigahicipolynmg bédeadTheodganit pelypert i cul at e
pol ymer can_conprij se Fart [ ctgl:qat e, I’OS%| i nked pol ymer which can have )
sinterilfy pidst candripd fogether thg PBEICYRLS PRISMEHI e, The pol yner conpri sing the

particulate pol ygry bles biGuiRbRSAR cul i Boly iR cAARclge Pr epar ed by
vari ous met hods t al%rfxg{ngléﬁﬁrggnsto tlhe%i Iclued gr isa(r:L I(r:1 %5 alternate
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reaction, gr afree radical injti.at eact | | ' ereof. In
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initiator.- In a Turther non-limti nghi'enbodl nent, the polyner can include

S .

an i.nt er penétheartioylate pylymer inethapelishing padofihe Bresgnfinyention.
In a non-limiting embodiment, when the particulate polymer of the pad
comprises particulate thermoplastic polymer, the polishing pad can be prepared below
20 the melting or sintering point of the particulate thermoplastic polymer. In another
non-limiting embodiment, the particulate polymer can comprise particulate
crosslinked polymer which can have sintering point, and thus can be unsinterable.
The polymer comprising the particulate polyﬁler for use in the present
invention can be prepared by various methods that are known to the skilled artisan. In
25 alternate non-limiting embodiments, the polymer can be formed by a condensation
reaction, or a free radical initiated reaction, or combinations thereof. In one non-
limiting embodiment, the polymer can include a polyurethane formed by
condensation polymerization of an isocyanate functional polyurethane prepolymer
with a polyamine. In another non-limiting embodiment, the polymer can include a
30 polyurethane-acrylate formed by free radical polymerization of a urethane-diacrylate
in the presence of free radical initiator. In a further non-limiting embodiment, the

polymer can include an interpenetrating polymer network formed by stepwise or



WO 03/ 054097 - 5 PCT/USO02/ 40626 sinul taneous condensation and free radical
pol yneri zation reactions. As used herein and the clains, the term

"i nt er perwDroaws4og7 pol ymer network” (IPN) refers to a conircmatSopmoeod two
polymers both in network form at |east one of which is synthesized or
crosslinked in the i medi ate presence of the other. Unlike chemcal 5

bl ends, there are no induced coval ent bonds between the two polyners. Thus,
in addition to nmechanical blending and_copol ynerization, |PNs represent
anot her nmechani sm by which different_pglyners can be physically conbi ned.

The parti cul at ol yner, can be epar,ed, b ar.i ous net.hods, t ha re known
to !to he skiP P go(m_enqaﬂo%aggﬁg%amcﬂ Wéy%%%?gigﬂﬁ?‘?f%mrgul% "58‘15 9%‘5}“3 can be
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Iﬁe medium In

al t er nat e nagchkhidint By WhRH AeEreR PoBimdr arsheaeysiehlly bnliaed.i cul at e pol yner
can be regular or irregular, and can incl(gde but is not Jimted to the
fol | owi ng shapesTheI@Nﬁ@ﬁ@téﬁpfmww,quﬁkﬁe by vernnsinethqds tkat are kpownPes
thereof. 2 : ; e e H}?fx’é}h Rt SolvinB& Aakti cul ate pol ymer
can have a&hégkvlg%%g@g%{éﬁtrﬁ C erllgtlfligfélg%%bgt ea’st. 2 ?%ﬁlcrons, or at |least 50
m cr ons10 orcrpdgenialy gididd amil clagsifed intp ddsired particlersins ranges.t Inapothepodinent s,

the particulate pol r hav.e .a verage.particle.si.ze. ss than
500 micr Ong,lmxgxrngpg@éﬁ?ﬂgﬁ,atﬁaaa%\c\élp%rpg?y%? cglégg p{e&? ﬁdﬁggéﬁﬁ?ycrr%é%isn% The
aver age partioCdodnponést @inposition@binpeistha b ohédogya@iatecand sheOMebatniminged 25 by
net hods that are well known to the skilled artisan. hjn .a non-|ljmting
enbodi ment ,matfﬁ@a H’y@? Rg"éelﬂf’&rotfiaéﬂ%ldsmﬁ@u’@f Ip g further npp-limitine f)‘B'P‘id‘Pé‘rentean be
determ ned ygj i{i ¥tum fORke8 2hA 9ot A6 nGH6her SRR nfBYdlh&t, the
particle size ahalyzer Ich is n%lnuf actured and _commercially avail abl e
f r om Betkneliquitbmietimm (such apburtavthimited to arsaspedusraediumhern be chagenciugh ns,

T N T R
particl e sigernakehozBmitingerhiidimentgthe stmpt béthepgrticalzhnpaiyiaer dahdedi ameter s
det e.r m ned regular or irregular, and can include but is not limited to the following shapes:
spherical, disk, flake and combinations or mixtures thereof.

20 In alternate non-limiting embodiments, the particulate polymer can have an
average particle size of at least 20 microns, or at least 50 microns, or at least 100
microns. In alternate non-limiting embodiments, the particulate polymer can have an
average particle size of less than 500 microné, or less than 400 microns, or less than
300 microns. The average particle size of the particulate polyfner can be determined

25 by methods that are well known to the skilled artisan. In a non-limiting embodiment, -
the average particle size of the particulate polymer can be determined using light
scattering techniques, such as a Coulter LS particle size analyzer which is
manufactured and commercially available from Beckman Coulter Incorporated. As
used herein and in the claims, “particle size” refers to the diameter of the particle

30 based on volume percent as determined by light écattering using a Coulter Counter LS
particle size analyzer. In this light scattering technique, the diameter is determined

from a hydrodynamic radius of gyration regardless of the actual shape of the particle.



froma hydrodynam c radius of gyration regardless of the actual shape of
the particle: WO 03/054097 PCT/ US02/ 40626 - 6 The "average" particle size
i s the awpages@paneter of the particle based on vol une PeTASsNL/40626H a
non-limting enbodi ment, the particul ate polyner can be substantially
solid. As used herein and in the clains, and with reference to the
particul ate polyner 5 of the polishing pad, the term"substantially solid"
means that the particulate polyner is naot _ hol | ow, for exanple, the

particul ate polyner is not in the formof hollow microcapsules. In a
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(-NHC(O-NH or -NHC(O-NR - wherein R can be hydrogen, an aliphatic,
cycl oal LBhape¢lymer. aromatic group), thio-carbamate |inkages (-NHC(O-S),

and conbi nati ons
pol yepoxi des ca%ﬁlﬂa%ﬁegg%t LL%oﬁuyﬁ{ fgleﬂs%%@ %)e?%&#l rgg%gg?%%ﬁfﬁ(ﬁgn
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thereof. In glt I
can be chos® y’f’lfe%lﬁﬁt?&pg’?ﬂrf]’g‘h‘)‘ P %FPBOIYQ;S‘X%ﬁrpé‘Ewa PRYlenso¥aloxi de and
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nmet hods th are known to t tisan. I'n anonllmtln
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whi ch can

acrylates and methacrylates. In alternate non-limiting embodiments, polyurethanes
can have backbone linkages chosen from urethane linkages (-NH-C(O)-O-), urea

20 linkages (-NH-C(O)-NH- or -NH-C(O)-N(R)- wherein R can be hydrogen, an
aliphatic, cycloaliphatic or aromatic group), thio-carbamate linkages (-NH-C(O)-S-),
and combinations thereof. In alternate non-limiting embodiments, polyepoxides'
can have backbone linkages chosen from ether linkages, thio-ether linkages, ester
linkages, amino linkages and combinations thereof. In alternate non-liiniting '

25 embodiments, the particulate polymer can be chosen from poly(meth)acrylate,
polyurethane, polyepoxide and mixtures thereof.

Particulate polyurethanes can be prepared by various methods that are known
to the skilled artisan. In a non-limiting embodiment, the particulate polyurethane can
be prepared from a composition comprising an isocyanate functional material which

30 can have at least two isocyanate groups, and/or a capped isocyanate reactant having at

least two capped isocyanate groups; and a hydrogen functional material which can



WO 03/ 054097 PCT/ US02/ 40626 - 7 have at |east two hydrogen groups that are
reactive with the i socyanate groups of the isocyanate material. In a

non- | i m twog3estwodi nent, the isocyanate and hydrogen natePCalGsovambe

m xed t ogether and polynerized or cured to forma bul k pol yurethane, which
can then 5 be ground (e.g., cryogenically ground), and optionally
classified: In another non limting enbodi ment, the particul ate

pol yur et hane can be fornmed by m xing the -isocyanate and hydrogen naterial s
together, slowy pouring the mxture into heated deionized water under

agi tati on (pilel @kl thol HydidpRn BERDS M aRireffive hGANHhE is6 SRt @RSups df eeor
surfactant), isolating the Tormed particulate material (e.g., by
filtration)isoekapptggnaterialhe i sol ated particulate material, and optionally

classifying the | £d. pakt i éﬁfﬁ ¢! r -limting
enbodi nent, the ﬂg‘%@%‘aﬁ%ﬁeﬂ%n d;?/lgrergg@%ﬂbﬁg%%%dsﬂyggﬁe%g{ arrtné}ggsd&? %Set her in
t he presencmixed tagethergad ipolysmdrizedor cufébtodogaaibolk modywrethtne; ahidhecantilosen from
a wide.variety known.in the.act. I n.an embodi-nent. .t.he . organic. solvent. can
nel ude. 81 conEine (e rtypeifiliieouhdhand Souoaly masiinG SAERghioTe

hydr ocar bongmitkf! shiteslimé] thepasticuletepsty@btland dneddrrhdietyemixing the
non-limting enbodinent, thé organic solvent can be nethyl  isobutyl

ketone. | n Bogsnateiant hydigeenpeteriabiegctisielowlyspanag thermiretr srahested er i al
e ey QRGP leP BN A2 ich B AN ln FRBAREG o8 BE¥ARALGILURC! | onal

prepol yners an conbi nat1 ons t mti1ng exarnples of suitable
i socyanat e anVarserfactest), i8latingthe dernedtparticelatemateiial (eed bydilthtiquadrying

pol yi so¢yanat es; .et hyl.eni cal |.y.ynsat ur.at olyi s nates. alicyclic
pol Vi sogéan é%Q:latS(ﬁ B@F&&te&?%?éo@a%élpggpymﬂgﬁsﬁwg?tﬁéle&ﬁ%&?&i/célﬂaé? e groups
are not bongsidudinaget trya fuethehgorpligiigl enbiodit@entf e iso¥pdipteqand hyitogoe

di i socyanate; aromatic pol yi socyanates wherein the isocyanate groups are

bonded’ di r eBiiepialsgan e myx pther inihe Plﬁﬁﬁnc‘_’eQE%Pp‘Pré?‘}‘c B@N%‘E_n 8'513 PT&8¥yanat e;
hal ogenat edso&v%{ﬁ 85’1“% !r:l‘g{s&gngrgﬁ *@gﬁl Vak89 knBiwh'ift iRt GRRHbLAMRS:, TR T ed,

urea nodified al _ derivatives of these polyisocyanates; and
di neri zed aoganicisobentzead indledkalcaholy vatehdnselybly sthers,dyranched and stamghti i t i ng

exanpl es_of . al i tic,polyisocyanates can . e tare not.. limted to
ot Pyl end Sai PEsERRRsck AP BRRIPARLSR e Bubtiristi®edtorn BBeiPhione 30 ° '°
dii socyﬁn?t anbdétﬁmﬁet}iwdrgmc délbaagymbahethybisbmtm¢me di i socyanat e,
nonanet hyl ene di| socyapate, 2,2'-dinethyl pentang diispcyanate, .2, 2, 4-
trimet hyi hexane H ?g%{}%‘&lgs?m‘b@é‘é‘ﬁ%t! T%?P%’ﬁ@m&ﬁ g@ﬁ%ﬁ%fengf gpnje

chosen from isocyanate functional monomers, isocyanate functional prepolymers and

combinations thereof. Non-limiting examples of suitable isocyanate monomers can
20 include but are not limited to aliphatic polyisocyanates; ethylenically unsaturated
polyisocyanates; alicyclic polyisocyanates; aromatic polyisocyanates wherein the
isocyanate groups are not bonded directly to the aromatic ring, for example, o,0’-
xylene diisocyanate; aromatic polyisocyanates wherein the isocyanate groﬁps are
bonded directly to the aromatic ring, for example., benzene diisocyanate; halogenated,
25 alkylated, alkoxylated, nitrated, carbodiimide modified, urea modified and biuret
modified derivatives of these polyisocyanates; and dimerized and trimerized products
_ of these polyisocyanates.
Non-limiting examples of aliphatic polyisocyanates can include but are not
limited to ethylene diisocyanate, trimethylene diisocyanate, tetramethylene
30 diisocyanate, hexamethylene diisocyanate, octamethylene diisocyanate,
nonamethylene diisocyanate, 2,2’-dimethylpentane diisocyanate, 2,2,4-

trimethylhexane diisocyanate, decamethylene diisocyanate, 2,4,4,-
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1,6,11 -undecanetriisocyanate, 1,3,6- hexanethylene triisocyanate,

1, 8-di i sowpanasw97- (i socyanat onet hyl ) oct ane, 2,5, 7- PCT/US02/40626
trimethyl -1, 8-diisocyanato-5-(isocyanat onet hyl ) oct ane,

bi s(i socyanat oet hyl)- carbonate, bis(isocyanatoethyl)ether,

2- 1 socyanat opropyl - 2, 6-di i socyanat ohexanoate, 5 |ysinediisocyanate nethyl
ester, lysinetiiisocyanate nmethyl estergand mixtures thereof. Non-liniting
exanpl es of suitable ethylenically unsaturated polyi socyanates can

i ncl ude, byhmah§IHRRimbth)lch&diidoRyaraty ¢/8e1 1hideemmeainisdSamié 113,8- but adi ene-1, 4-
diisocyanate. Non-limting exanples of suitable ali cyclic poI | socyanat es

can i ncl udexamethylgnetriigncyanats, L Sddiisocyanstaptrbisenyenatpisbylastanes 2,5{rcl ohexane

di i socyana t he:
bi s(i socyatrt\xg ong E% }/808 % @)Tigg&%‘gdt&??@%@yanaf 8‘89?:‘?°8’ﬁ%a>§‘§‘?"5‘yn)et hane,
bi s(i socyaraiboaste) h)k(woyyz)na&eﬂ}yb)lethpaﬂesocyanatopropyl-Z 6-diisocyanatohexanoate,

2. SocyShatBREHSsEy én?e&yayaﬁra%mesﬂwagate et ssterepR e hEgef of 2. 2. 1

] -heptane, 2-i Swﬁlﬁkﬁit Ptegbf gritable ethylemcallg unsaturated polyisocyanates
| socyanat opropyl ) - 6- i soc ana onet hyl - bi cycl o 1 ]-heptane,
2-10 socyanatcélﬁrﬁtch-sdle lz.ttgge not limited to, butene dusocyanate and 1,3-buta ene—l 4-

(3-isocyan ) }RAl %‘1 ane, 2-
| socyanat o?f%?‘ﬁ{yﬁg%g 5":’?&%‘@%% to%r 0 &Iy 1t§61|8>ség$ alﬁ tggqs R%l %gcl o[2.2.1
] hept ane, include, but are not limited to, 1soph0rone dnsocyanate cyclohexane dnsocyanate

I socy natéwﬁgﬁylgyclohexgne {500y ana e, 81@(1§d%¥a3atométgyﬁcyc e)rilae};[eoet hyl) - bicycl O[ 2.2
2 I 5OCyana%’i’d@bsfyéhath&@ohe%?BMl@ﬂﬂh@Fbisf@iﬂ&éﬁan@toé}?clémy‘b)a@pﬁ@hﬁw| ) -

bi cycl o[ 2. 2 hept ane, 2-isocyanatomethyl-2-(3-1socyanatopropyl)-6-(2 20
i socyanat O@G%SSP‘)YaBPt@?El@‘[eZYQ Ilz]'ﬁ‘lhé'?ﬁ aﬁéocé’ﬁﬁatﬂmﬁ@éﬂ’%@ﬁﬁ’é}’ ABIOPrORYNR i ¢ i ng

exanpl es of; O%ﬁ’y B %Rﬂ%l ya baﬂq{ ﬁ&nw{s‘ab % gy pate groups are not

bonded direct e aro I Cri gcanln e not limted to
bi s(i socyaangMaltgpmm&héemyam(amahylablcym[Qélrﬂthwtamy,l Zetsecyﬁnafsmﬂmh@t- e,

1,3-b t 0-1 - th tobutyl)b :
25 bi s (15 ody RSV SREROR] R Le o R 202 2o BEBRBEET) i phemyl et hor .
bi s(i socyansgcoataorhothiit hed-abo anmtdpyl)emcsotyanammﬂ@mm@cmp 51]-heptane,

di (| socyanat onet hyl ) furan and m xt ures .t her eof | es of
suit abl e arolasyapatgmeliytduyasncyaratoniarylig- (21isa5¥ léylgi’ ‘38 zt?éﬂ]gg
directly t 31 H&ﬁe L ﬁ%h&tofdeﬂﬁd-@%@-&d@%x%@pt@ﬁl) 3L(8-ifRYadakdBiiygd 3 0 to

phenyl ene socyanat’e, ethyl’'phenyl ene dii socyanat e, |sopropylphenylene
di i socyanatbeqycth[%tlﬂ-ﬂllepﬂaamﬂl—lewammm@&y&ae(ﬁesocmmqpfﬁmﬂ)aﬁ;( ene

a1 500 A Ercyadlid SR SRYLBRERY | ROl B UGURRE ercb | oL N1 Denzene

tri1so

nsu

Non-limiting examples of aromatic polyisocyanates wherein the isocyanate
groups are not bonded directly to the aromatic ring can include but are not limited to
bis(isocyanatoethyl)benzene, a,o.,o’, o’ -tetramethylxylene diisocyanate, 1,3-bis(1- .
isocyanato-1-methylethyl)benzene, bis(isocyanatobutyl)benzene,

25 bis(isocyanatomethyl)naphthalene, bis(isocyanatomethyl)diphenyl ether,
bis(isocyanatoethyl)phthalate, mesitylene triisocyanate, 2,5-
di(isocyanatomethyl)furan and mixtures thereof.

Non-limiting examples of suitable aromatic polyisocyanates, having
isocyanate groups bonded directly to the aromatic ring can include but are not limited

30 to phenylene diisocyanate, ethylphenylene diisocyanate, isopropylphenylene
diisocyanate, dimethylphenylene diisocyanate, diethylphenylene diisocyanate,

diisopropylphenylene diisocyanate, trimethylbenzene triisocyanate, benzene



WO 03/ 054097 PCT/ US02/ 40626 - 9 triisocyanate, naphthal ene diisocyanate,
nmet hyl napht hal ene dii socyanate, bi phenyl diisocyanate, ortho-tolidine

di i socyamaDe3/084047 - di phenyl net hane dii socyanate, bis(3- PCT/US02/40626

met hyl - 4-i socyanat ophenyl ) net hane, bi s(i socyanat ophenyl) et hyl ene,

3, 3" -di met hoxy- bi phenyl -4, 4'-diisocyanate, triphenyl methane triisocyanate,
polyneric 4,4" 5-- diphenyl net hanedii socyanate, naphthal ene triisocyanate,
di phenyl net hane-2,4,4' - triisocyanate,- 9 -

4- et hyl di phenyl nmet hane- 3,5, 2' .4',6' - pent ai socyanat e, di phenyl et her

di i socyanat gijs &(dté,%ﬁﬁﬂﬂ%ﬂ@&%&&ﬁh&eﬁﬂe&iﬁm&bﬁmﬁﬁhyQﬁéoc anate, biphenyl

bi s(i socyanat ophenyl ether)- 1, 3-propy eneglycol, benzopﬁenone di i'socyanate,
car bazol e dfiisas¥ pethodelidinediiseayaspte, dit-diphynyimethane didspcpansteabistzol e

di i socyanat ' ] =) UL ' of the
ot esant -1 e 4TRSS SRlhang, bibisdey AR Rlic Thdyfifle A QBB

pol yi socyanbiphenydctiatiisotyanategtriphenyilmothyretati®cgamty) polymidan-4l4’+i t i ng

exanpl es of .sui tabl ol,yi socyanat.e .nmononer s .havi n WO, i S0C te groups.
Cnel bde. But diznensiigeaferilsosringts Raphelene iste viote, GrappimERaET g 9 OUP

t et ranet hyl #ispanaal, 4s@ethaliaiRnyinfditiner303)e” 4116’ RaMAB Matel@iphenylether

bi s(i socyanat ocycl ohexyl ) nethane, toluene dilsocyanate

4, 4" - di phen§ispsyanaire bis}éﬁ%@@@tmwe&meﬁw@%@@olz his(isasyanatophgmdethen-

non-1imtingae ' ' tdaf3 ' can conprise
an isocyana?gqggﬁgég%ﬁg?hg%ﬁ?%@%%ﬁ%E@&%?éﬁﬁﬁyner2“???%5&%%#% f uncti onal
pol yur et hanethplcagbetolediisocyamatd) dighlcrpearextolrydiisacyanats ané mhxtweestica¢ofar e known

to the skilled artisan. In.a non-limting enbodi nent,. at | east one
ol yo Shich s biRS PO TRRinE Futp g A5 PSRRI e ot e Eb oy anat e
functional  fpeGeR nitkHal 8 BYA pdlPisocyahite n@thohRr Baihg SACHKEERLEICFERAPEE! , can
be reacted together to form a polyurethane prepolyner having at [east two

i socyanat e Yeadisutingeramples ef svialde anpisosyartesnonamere haying tyaiaeianatanct i onal
mononers | ”g}o ?inkiaﬂf%%{é%t‘{iﬁlﬁ@f% &,&@-ﬁgﬁcﬁéhﬁs&g&ﬁ% Yk 42> MONONET S,
ymeér$

Sui t abl e i sOcyanate functional pol yurethane prep or use in the
present i ntetamethylxydenchbisecyanitedsdphoroneidijisecyandtet vary within a wi de

range. a,non- limti enbodi nen t he..i socyanat & f.unctjonal

ol yur et Ran2ioprsy st R M ot Bt SRS X £ BB e e () o
from 500 t odildocPfiate Mid thixeurederebl 5000, 30 as deternmined by gel perneation
chromat ography (GPC) using_palystyrene standards. Non-limting exanpl es of
pol yol s that- canhbaél%&ov-émﬁﬂ%apéo 1ent, glt?emawée fyngtienal gratariabeany ur et hane
prepol ymer idiprideniitcyahife fidctiddalbbi§Hrditing bfpbBier Osoby R Yaftional

polyurethane prepolymers can be prepared by various methods that are known to the

20 skilled artisan. In a non-limiting embodiment, at least one polyol such as but not
limited to a diol, and at least one isocyanate functional monomer such as but not
limited to a diisocyanate monomer, can be reacted together to‘ form a polyurethane
prepolymer having at least two isocyanate groups. Non-limiting examples of suitable
isocyanate functional monomers include the aforementioned isocyanate funciional

25 monomers.

Suitable isocyanate functional polyurethane prepolymers for use in the present
invention can have molecular weights that vary within a wide range. In a non-
limiting embodiment, the isocyanate functional polyurethane prepolymer can have a
number average molecular weight (Mn) of from 500 to 15,000, or from 500 to 5000,

30 as determined by gel permeation chromatography (GPC) using polystyrene standards.

Non-limiting examples of polyols that can be used to prepare the isocyanate

functional polyurgthane prepolymer include but are not limited to straight or branched



WO 03/ 054097 PCT/ US02/ 40626 - 10 chain al kane pol yols, such as but not
limted to 1, 2-ethanediol, 1,3-propanediol, 1,2- propanediol,

1, 4- but arw0i08/054097 3- but anedi ol , gl ycerol, neopentyl gl ycolPCT/US02/40626
trimet hyl ol et hane, trinmethyl ol propane, di-trinethylol propane, erythritol,
pentaerythritol and di-pentaerythritol; polyal kyl ene glycols, such as but

not limted to 5 di-, tri- and tetraethylene glycol, and di-, tri- and
tetrapropyl ene glycol; cyclic al kane _pﬁjypls, such as-but not limted to.
cycl opent anedi ol , cycl ohexanedi ol , cycl ohexanetri ol,

cycl Ohexa”e% gﬁfélﬂéx{bﬁ&%yﬁﬂgaﬂs%ﬂ% 1&@46%?gﬂhan%i?oky e&h@iﬁ%@f‘% et hanol ;

aromatic po ed td
benzenet r i opropmedicdxl,fduatapkdial, ddhhitamdml,cglywlovxqopeﬂlwbglgcolbl sphenol s, such

but 10 t limted tq.4, h | b h |
222" i hydPERbUR I BRGE eI SBE e CEH PR TR 51 B e n' bi o( 2-
hydr oxyphe nyéxﬁd‘@jrthﬂféﬂ? an&dﬂpen@akrﬁhﬁ&)h %B@H&y’l@d@l BB Qlch&@ Gut not limited to

4 4 sulfon%ly)bl Ssphenol | og enated b enoI S, -such.as but not_.limted.to

'-isopro |tr1d@?fbﬂstr§?tbylene genl o@ﬂ%eﬁa‘l and tetrapropylene glycol; cyclic alkane

illsgp; B;;Hggé{g@ %?gp?é&éﬁ tn‘r&gé(l:ﬁf%o heno?‘?tgl A“&‘%&"?fl’?ed“’é bi sphenol s, such

as but not cydohekatia, %tcmwmd'nnbthaml hydmpypppyhcmlnhcxaptblemdl havi ng from

1 to 70 al kox sych a d t.o .ethox 0

a- but oxy an%?'c{(}oheg g@a&f’gﬁboéna%c LVQE %pcqs&lfg%\trjigﬁ" MW?%‘A’E rﬁ?éh%r epar ed
by hydr ogengénzagtiidlehgdroxieasy dlcddol efﬁdﬁﬂﬁ@ﬁﬁdy&lu&m?h]spﬁenbl& suthtasbiutm ted to
4. 4" -j sogropyl | dene- bi scycl ohexano] ox%scycl ohexanol ,

4, 4" -t hitBbi Bt EW’%Q%T‘S%@WEQ@PW@F @ﬂy@ﬁbl nelnd et hane.  Furt her

non-1imtingy ?mméﬁ?oﬂ{enéﬁ’é ha‘bmoﬁﬁ‘lﬁﬁl@%ﬁ%}f‘fl{ ﬁlalefh rb _present i nvention

include but are not [imted to highe ene such as but not

I(l m) t e]g to b}lgdrwatpﬂlyﬂlsd)metba%egéﬂﬁ(ha«scthtrge@ylhblmﬂmoleandr4aﬁesutfomdbisplaﬂngl/;/e| ght
M) o rom [ as but not
limted to ﬂ%%egaégg’ﬁs@geqo r§1u<fhn%g gf%ﬁ at’l 0%0% ﬁﬁig?%lsggéyl ates and
hydL oxy }‘un@brquid r}]xe(ubty,t4hz)’a;ﬁcsptbpgtlﬁl‘eneb1s(lla,ﬁlﬁthehiloﬂ@phermb)tankimmzrzl eﬂ to methyl

met hacryl ate an dr oxyet cry ner.s; an

funct i ondl jseprpByidened lsé&%ga%trasbgr%@n meOéérPaﬁsiy tipRhetols SR EOH H ¢ he
reaction of 11ﬂit9&§>alﬁb’)§ﬁat@@4 huﬁsoﬁﬂftpyh&éﬂeﬁi‘foﬁeﬁd? hivhgRentl &) 70 ﬁk‘&(}m aci ds 30
or diesters, such as but not to adipic acrd or diethyl "adi pate. In

anot her nongronpsyise¢hray tairbeldimisest to ethexypRppeRy, PobuterseandB-bhexy eewupsit

'Zgggnt ion Cly l;]?c\gl%lo%e%mecvhlcﬁ gﬁ%gf)régglleﬂ%w@ﬁro\ﬁ@ﬁﬂiﬁ% d&é\@grre%orfdgr%m 200 to

bisphenols, such as but not limited to 4,4’-isopropylidene-biscyclohexanol, 4,4’-
20 oxybiscyclohexanol, 4,4’-thiobiscyclohexanol and bis(4-
hydroxycyclohexanol)methane.

Further non-limiting examples of suitable polyols for use in the present
invention include but are not limited to higher polyalkylene glycols, such as but not
limited to polyethylene glycols having a number average molecular weight (Mn) of

25 from 200 to 2000; hydroxyl-bearing acrylics, such as but not limited to those formed
from the copolymerization of (meth)acrylates and hydroxy functional (meth)acrylates,
such as but not limited to methyl methacrylate and hydroxyethyl methacrylate
copolymers;and hydroxy functional polyesters, such as but not limited to those
formed from the reaction of diols, such as but not limited to butane diol, and diacids

30 or diesters, such as but not limited to adipic acid or diethyl adipate. In another non-
limiting embodiment, the polyol for use in the present invention can have a number

average molecular weight (Mn) of from 200 to 2000.



WO 03/ 054097 PCT/ US02/ 40626 - 11 In a further non-limting enbodi nent, the
| socyanate functional polyurethane prepolynmer can be prepared by reacting
a dii socywpases®arh as but-not limted to toluene diisocyamatse/4osd h a

pol yal kyl ene gl ycol such as but not limted to poly(tetrahydrofuran). 5 In
anon-limting enbodi ment, the isocyanate functional pol yurethane

prepol yner can be prepared in the presence of a catalyst. Non-limting
exanpl es of suitable catalysts can be ghgesen froma w de variety known in
the art. Suitable <catalysts can be those catalysts that are specific for
the formation ofy,ur BYm: chi | . ng
materials, and iléc gr\r/lg)nltl?r{lﬁng%tr%bhg%}]éggf ?%gﬁﬁg%gﬁ“?ﬁg?gﬁ& e t?%dz?ct I ons

| eadi ng t o mkpadphenandegmeparabloymacting of dirspeyanete. su¢hashut eotrlanited toon- 1 i ni ti ng

enbodi nent s, . t he.ampunt  of .cat al used can he l.ess t.han percent by

wei ght, or Plsas diisocyanate, wi p%ﬁm?@@”o@ﬁu‘fq’e@sﬁ‘?ﬂ%ﬂlﬁlt%ﬁg@cent by wei ght,
based on thuy(tetaBldroRirgd)t of the polyol and isocyanate functional nononer.
Non-.1 i m ting exanpl es .of suitable catalysts can be chosen fromthe .group. of
15 Lew s®bases, nagop-lipiting emhgdimensthe ﬁﬁcsca@@fmfy%qt@ns@%@iww in

U | mann's i : ' ) 1 1B Vol une
o1 pp. 6 IEATRERERR oGNS bilertBOM et Wb iflineRampliodr V02
st annous adubiteble otalysts@ay hachosen dioth a widstvagistydutownan the art.t Suitable st annous
octoate, dib | ti | | aur ate i butyl ti Il acet at e, ~di hut tin

mer capt i de,cagqtl%sﬁst Wq{eﬁhos&icﬁ@gﬁtg?t At %&F‘rﬁﬂ%f ﬁﬁ%maglgpg{ gfe%xé}' met hyl tin
dil aurate, rbactiofliofizsdby£ined AIdDOR-cAhRitigNRatetials, Adwhick havelétiewhderdoy to
alternate non-limting enmbodi nents, tngfﬂncat al.yst can ,Itf))e zinc oc]t oate,

bi smut h10 oraccelgials sidecastiang deadmede alloponateand yogyanats formefian dnpltersaiss

sui tabl e C%&'—Mﬁftﬁlg%ﬂ’fboﬂﬁﬁ%ﬂ&%& ShbUrRbY A SRed S4H00% 18$s thitf 5 PQberdt byt ¢ ed to

triethylamne, trilsopropylam ne an di net hyl benzyl an ne.
sui t abl e t eweight; yr lasd theis 3 persenli byoweightd of lesdthian épeRenithysweipht based 51693, 738
at col um ],[

l.i.nes .6- t he di s¢l qsur f whi IS _jncorporated herein
by refer encg.e tqtﬂ V%\el%l%r?}??enl?c?}'?}gangﬁi?ggéfnr%gen@ngfonaﬁggg%?&?nvent ion, the
ihs ocyanat eI func tN@ﬂHinitiﬁgiﬁ}ﬁhhﬂés afatitabie tatalgsta cﬂﬁlmaﬁﬂsérﬁbmyla]mgrﬁuﬂaf erial
aving at |east two capped,30 jsocyanate groups. .The m " ¢capped
i socyana®e IrFeYY‘_éP?S&F’"LeéZQS Ggléﬂa‘i‘fieﬁ“é‘? o, FRfaly %é as E?Sﬁph?éi,emhgi@?‘? Yo a nononer or
prepol ymer jaxtRgedis bidaabtriah&hiske Haiti6RAP9E Volume A21, pp. 673 to 674.

In a non-limiting embodiment, the catalyst can be a stannous adduct of an oréanic

acid, such as but not limited to stannous octoate, dibutyl tin dilaurate, dibutyl tin
diacetate, dibutyl tin mercaptide, dibutyl tin dimaleate, dimethyl tin diacetate,

20 dimethyl tin dilaurate, 1,4-diazabicyclo[2.2.2]octane, and mixtures thereof. In
alternate non-limiting embodiments, the catalyst can be zinc octoate, bismuth, or
ferric acetylacetonate.

Further non-limiting examples of suitable catalysts can include tertiary amines
such as but not limited to triethylamine, triisopropylamine and N,N-

25 dimethylbenzylamine. Such suitable tertiary amines are disclosed in United States
Patent 5,693,738 at column 10, lines 6-38, the disclosure of which is incorporated
herein by reference.

In a non-limiting embodiment of present invention, the isocyanate functional
material can include a capped isocyanate material having at least two capped

30 isocyanate groups. The term “capped isocyanate material” as used herein and the
claims, refers to a monomer or prepolymer having terminal and/or pendent capped

isocyanate groups which can be converted to decapped (i.e., free) isocyanate groups



| socyanat e groups which can be converted to decapped (i.e., free)

| socyanate groups WO 03/054097 - 12 PCI/US02/ 40626 and separate or free
cappi ng gwouwp®s40The capping groups can be fugitive or nomCwgisp/ve26 The
term "nonfugitive capping groups" as used herein and the claims refers to
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by an eory,..i.t is believed that the inclusion
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Non-limiting examples of fﬁgitive capping groups of the capped isocyanate
material can include but are not limited to alcohols, such as but not limited to
propanol, isopropanol, butanol, isobutanol, tert-butanol and hexanol; alkylene glycol

20 monoalkyl ethers, such as but not limited to ethylene glycol monoalkyl ethers, such as
but not limited to ethylene glycol monobutyl ether and ethylene glycol monohexyl
ether, and propylene glycol monoalky] ethers, such as but not limited to propylene
glycol monomethyl ether; and ketoximeé, such as but not limited to methyl ethyl

~ ketoxime. ‘ .

25 Ina non-limiting embodiment, the capped isocyanate material can be included
in the isocyanate functional material to improve the dimensional stability of the
polishing pad prepared from the particulate polyurethane.

While not intending to be bound by any theory, it is believed that the inclusion
of capped isocyanate material in the isocyanate functional material, can result in the

30 formation of covalent bonds: (a) between at least a portion of the particulate
polyurethane particles; and/or (b) between at least a portion of the particulate

polyurethane and at least 2 portion of the organic polymer binder. In a non-limiting



pol yur et hane particles; and/or (b) between at |east a portion of the
particul ate polyurethane and at | east a portion of the organic polyner

bi nder. Iwoas/omaz|imting WO 03/054097 - 13 PCT/ US02/ 40@26/tsayedeérent ,
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| socyanate functional material contains capped isocyanate groups in an
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I socyanate material can be present in an anount of at |east 5 weight
percent, oringtaldfeast 10 wei ght 25 percent, or |ess than 60 wei ght percent,
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functional (meth)acrylates can include but are not limited to hydroxy or amino

functional (meth)acrylates. Non-limiting examples of suitable hydroxy or amino
functional (meth)acrylates include but are not limited to hydroxyethyl methacrylate,
20 hydroxypropyl methacrylate, polypropylenegylcol monomethacrylate,
propyleneglycol monomethacrylate, hydroxyethy! acrylate, hydroxypropyl acrylate,
caprolactone acrylate, t-butyl aminoethyl methacrylate and mixtures thereof.
| In a non-limiting embodiment, the (meth)acrylate-modified isocyanate '
material can be present in an amount of at least 5 weight percent, or at least 10 weight
25  percent, or less than 60 weight percent, or less than 50 weight percent, based on the
weight of the isocyanate functional material.

The hydrogen functional material for use in the present invention can be
chosen from a wide variety of such materials known to the skilled artisan. In a non-
limiting embodiment, the hydrogen functional material can have hydrogen groups

30 chosen from hydroxyl, mércapto, primary amine, secondary amine and combinations
thereof. Non-limiting examples of suitable hydrogen functional materials can include

the aforementioned polyols.



3 0 chosen from hydroxyl, nercapto, primary am ne, secondary am ne and
conbi nations thereof. Non-limting exanples of suitable hydrogen

functi onawvormatetpal s can i nclude the aforenentioned pol y®CT/UuSW@B3¢ 054097
PCT/ US02/ 40626 - 14 In a non-limting enbodi ment, the hydrogen functional
material can include polyamnes. Non-limting exanples of polyam nes can
i ncl ude et hyl eneam nes such as but not limted to ethyl enedi am ne (EDA),
di et hyl enetri am ne- (DETA), triethylene gt ram ne (TETA), :
tetraet hyl enepentam ne (TEPA), 5 pentaéthyl enehexam ne (PEHA), piperazine,

such as but not .limted t.0 diet.hyl enedi anm ne A)., and .
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hydrogen functional materials Can further conprise a catalyst. Suitable
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the reacti %l@&ih&%@n&gf %%gltallane-for m ng WO 03/ 054097 PCT/ US02/ 40626
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wherein R; and R, can each independently represent C,-C, alkyl, and R, can be

20 selected from hydrogen and halogen, such as but not limited to chlorine and bromine.
Non-limiting examples of polyamines based on 4,4’-methylene-bis(dialkylaniline)
can include but are not limited to 4,4’-methylene-bis(2,6-dimethylaniline), 4,4°-
methylene-bis(2,6-diethylaniline), 4,4’ -methylene-bis(2-ethyl-6-methylaniline), 4,4°-
methylene-bis(2,6-diisopropylaniline), 4,4’-methylene-bis(2-isopropyl-6-

25 methylaniline), 4,4’-methylene—bis(2,6-diethyl-3 -chloroaniline) and mixtures thereof.

In a non-limiting embodiment, the isocyanate and hydrogen functional

materials can further comprise a catalyst. Suitable urethane-forming catalysts can be

used in the present invention to enhance the reaction of the polyurethane-forming



- 15 mterials. Suitable urethane-form ng catal ysts can be those catal ysts
that are specific for the formation of urethane by reaction of the NCO and
OH cont aiwpng/osmberi als, and which have little tendency PoTASOZU@R@t € Si de
reactions |leading to allophonate and isocyanate formation. Non-limting
exanpl es of suitable catalysts can be chosen from5 the group of Lew s
bases, Lewis acids and insertion catalysts as described in Ul mann's

Encycl opedi a of Industrial Chem stry, 5" _Edition, 1992, Volune A21, pp.
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fromO0.7: 1.0to_ 1.3 :.1.0 or fromO0.8_ : é.o to 1.2:.1,0. Ina .

non-1im ting enbBerthsApn-lunifing sramplet of wuifeblp catalysty ran chigle talaryiamipese
present i nvgphiaQBufidt 1inledd4e eridtRy it ﬁ{i&p%ﬁﬂzﬁ:ﬁ%hﬂ&ﬁ;NA particul ate

pol yepoxi de can 3 0 be preh&are by vari ous et hods known in the art. In a

non- | i nilfi ndimatdesnaiiaming. nsuohespitable fesiiary potiges goxdisdossdnn baited 8tatasact i on

q ¢ ; ¢ . tari . . I
poxi de_ar of A0S B8 Hebhlsar Al HiB} £k Fhe dhPloRt P BT sBhpgERat * 1
PCT/ US02/ 40hé&6in by reference. :

In a non-limiting embodiment, the catalyst can be incorporated into the

hydrogen functional material prior to it being combined with the isocyanate functional
20 material. In alternate non-limiting embodiments, the amount of catalyst used can be
less than 5 percent by weight, or less than 3 percent by weight, or less than 1 percent
by weight, based on the total weight of the combined isocyanate and active hydrogen
functional materials. -~
In alternate non-limiting embodiments, the molar equivaient ratio of
- 25 isocyanaté groups and optional capped isocyanate groups to active hydrogen groups
can be typically from 0.5:1.0to 1.5 : 1.0, e.g., from 0.7 : 1.0 to 1.3 : 1.0 or from 0.8 :
1.0to1.2:1.0.
In a non-limiting embodiment, suitable particulate polymers for use in the
present invention can include particulate polyepoxides. A particulate polyepoxide can
30 be prepared by various methods known in the art. Ina non-limiting embodiment, the
particulate polyepoxide can be the reaction product of an epoxide functional material

which can have at least two epoxide groups; and a hydrogen functional material



- 16 which can have at |east two active hydrogen groups that are reactive
with the epoxide groups of the epoxide material. In a non-limting

enbodi menwo oBlostoepoxi de functional material and the hydr egerushumseé onal
material can be m xed together and polynerized or cured to form5 bul k

pol yepoxi de, which then can be ground (e.g., cryogenically ground), and
optionally classified. In another non-limting enbodi nent, the particul ate
pol yepoxi de can be formed by m xi ng the gpoxi de functional and hydrogen
functional materials together, slowy pouring the mxture into heated
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limted 10 doidnalycldds B R 4hetEr noh-Bmifin enfbloBRRNY, 3AL flificulgpéc! 0al i phati c

pol yepoxi des, such as but not limted to 1,2, 4,5- di epoxycycl ohexane,

1, 2, 5, 6- di cpdyepeyidesar befmed byaixingdhe epsxaderfungtionpt anddry@rogea fimstiphalc aci d

7- oxa- bi cyc 0 ta3-l -n ] . - -4- oxi ranyl., 20

cycl ohex anelh%‘ﬁal% F%%%g&%ﬁé’gﬁh%g‘g I%?) gﬁ%ﬁ%‘? ﬁ??%&r)rdé%{?nézepo‘f'@tgrp%yf ﬁes, such

as but notagithiied, 4sobatiticaky forpiey panetlaenaateiigll (y.gi, By Ifileition),, dripdtiggenat ed
bi sphenol A di

di epoxj de, and mi xtures. thereof .. Epoxide functional nononers
that  may? baseleled btenatmpieBletd PRHBALY elassa@glgt%ﬂesf{ PyftigHaGared from the
reaction ofpdydpekigel and an epihal ohydrin, for exanple, epichlorohydrin.
Pol yol s that may be used to prepare 25 epoxide functional nononers include
those recited prlavinogslimitingresibedinent, suitglle gpaxdde funetignabpatesialsdpr e inhe

| socyanat e ' . red . . ' net i onal
nononers | ntég %h‘?ﬁgésaé‘%‘?@g%@gﬁ? Irlégr% 1%1‘3(? gg%fl?%ﬁﬁg?g%l ﬁ’?)gléﬁgﬁb?é&é%ch as
4, 4' - i sopr dfpyttichehgdpglieree andaothbipitiond thexebf dNom linstigdexasples, of suitable

i sopropylidenedi phenol diglycidyl ether. 30 In.a non-1imtjng enbodi nent,
o opox) e PUREE MHAOTEBERATATR Fan P ags bus e Bt fioaliBhatiaant | on can be
prepared bypdlRpekides saciP biitBbt EmRed 1012, 3ddiepixgBhan®hydygn.  Non-lim ting
exanpl es of suitable polyneric polyols can include but are not limted WO
03/ 054097 phgpoygoctang) gye oaliphatic polyepoxides, such as but not limited to 1,2,4,5-

diepoxycyclohexane, 1,2,5,6-diepoxycyclooctane, 7-oxa-bicyclo[4.1.0]heptane-3-
carboxylic acid 7-oxa-bicyclo[4.1.0Thept-3-ylmethyl ester, 1,2-epoxy-4-oxiranyl-

20 cyclohexane and 2,3-(epoxypropyl)cyclohexane; aromatic polyepoxides, such as but
not , bis(4-hydroxyphenyl)methane diglycidyl ether; hydrogenated bisphenol A
diepoxide and mixtures thereof. Epoxide functional monomers that may be used in
the present invention are typically prepared from the reaction of a polyol and an
epihalohydrin, for examp]e, epichlorohydrin. Polyols that may be used tb prepare

25  epoxide functional monomers include those recited previously herein with regard to
the preparation of the isocyanate functional prepolymer. A preferred class of epoxide
functional monomers include those prepared from the reaction of a bisphenol, such as
4,4’-isopropylidenediphenol, and epichlorohydrin, such as, 4,4’-
isopropylidenediphenol diglycidyl ether.

30 In a non-limiting embodiment, an epoxide functional prepolymer for use in the
present invention can be prepared by reacting a polymeric polyol and epichlorohydrin.

Non-limiting examples of suitable polymeric polyols can include but are not limited



- 17 to polyal kylene glycols, such as, polyethylene glycol and

pol yt etrahydr of uran; pol yester polyols; polyurethane polyols;

pol y( ( metwpaasmngdoar e) pol yols; and m xtures thereof. The pojuser/iw2¢ol yol
can be prepared according to a variety of methods that 5 are known to the
skilled artisan. In a non-limting enbodi nent of the present invention,

t he epoxi de functional prepol ynmer can include an epoxy functional
poly((meth)acryl ate) polyner which can b7 prepared froma (neth)acrylate
nononer and an epoxi de functi onal radit ally polynerlzable nononer (e.g.,
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functional material for use in preparing the particulate polyepoxide can include but is

-

"0

not limited to the non-limiting examples of polyamines recited previously herein.

20 In alternate non-limiting embodiments, suitable polyamines can include
polyamide prepolymers having at least two amine groups selected from primary
amines, seéondary amines and combinations thereof. Polyamide prepolymers can be
prepared by a wide variety of methods known to a skilled artisan. In a non-limiting
embodiment, a polyamide prepolymer haviﬁg at least two amine groups can be

25 prépared by reacting a polyamine, such as, dietheylenetriamine, and a polycarboxylic
acid, such as, a difunctional carboxylic acid. Suitable non-limiting examples of
polyamide prepolymers can include VERSAMID polyamide resins which are
commercially available from Cognis Corporation, Coating & Inks Division.

Non-limiting examples of suitable polycarboxylic acids can include but are

30 not limited to dodecanedioic acid, azelaic acid, adipic acid, 1,6-hexanedioic acid,

succinic acid, pimelic acid, sebacic acid, maleic acid, citric acid, itaconic acid,

aconitic acid, half-esters formed from reacting an acid anhydride with a polyol, and



- 18 mxtures thereof. Further non-limting exanples can include
carboxylic acid group- containing polyners such as acrylic polyners,

pol yest erwp oafskopndl yur et hanes; and ol i gonmers such as est @CT/US02/40626
group-containing oligoners; as well as fatty diacids. In a non-limting
enbodi nent, a carboxylic acid functional acrylic material . 5 can be
prepared by copol yneriziing a nethacrylic acid and/or acrylic acid nononer
with an ethylenically unsaturated copol ¥ge;i zabl e mononer, using techni ques
known to those skilled in the art. In another enbodi nent, a carboxylic
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can optionally comprise an epoxide ring opening catalyst. The catalyst can include

those that are known to the skilled artisan. Non-limiting examples of suitable
catalysts can be chosen from the group of Lewis bases, Lewis acids and insertion

20 catalysts as described in Ullmann’s Encyclopedia of Industrial Chemistry, 5* Edition,
1992, Volume A21, pp. 673 to 674. In a non-limiting embodiment, the catalyst can
be a stannous adduct of an organic acid, such as but not limited to stannous octoate,
dibutyl tin dilaurate, dibutyl tin diacetate, dibutyl tin mercaptide, dibutyl fin .
dimaleate, dimethyl tin diacetate, dimethyl tin dilaurate, 1,4-

25 diazabicyclo[2.2.2]octane, and mixtures thereof. In alternate non-limiting
embodiments, the catalyst can be zinc octoate, bismuth, or ferric acetylacetonate.

Further non-limiting examples of suitable catalysts can include tertiary amines

such as but not limited to triethylamine, triisopropylamine, tri-tertiarybutyl amine,
tetrafluoroboric acid and N,N-dimethylbenzylamine. Such suitable tertiary amines

30 are disclosed in United States Patent 5,693,738 at column 10, lines 6-38, the

disclosure of which is incorporated herein by reference.



PCT/ US02/ 40626 In a non-limting enbodi nent, the catal yst can be

I ncorporated into the hydrogen functional material prior to it being

conbi ned wDtob/os4087 epoxi de functional material. |In altern&Ce/uson4deReén ti ng
enbodi nents, the amobunt of catal yst used can be |ess than 5 percent by
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20 epoxide and hydrogen functional materials.

In alternate non-limiting embodiments, the conventional additives can be
added to the isocyanate functional material or the epoxide functional material, and/or
the hydrogen functional material.

Non—iimiting examples of suitable particulate polymérs for use in the present

25 invention can include particulate thermoplastic polymers, particulate crosslinked
polymers and mixtures thereof. As used herein and in the claims, the term
“thermoplastic polymer” refers to a polymeric material that is essentially not
crosslinked and essentially does not form a three-dimensional network. As used
herein and in the claims, the term “crosslinked polymer” refers to a polymer that is at

30 least substantially crosslinked wherein said polymer has essentially a three-
dimensional network. The structural shape of polymer molecules and the

characterization of thermplastic or crosslinked polymers is known in the art. (See



- 20 Principles of Polynerization, CGeorge Odian, McGawH Il, Inc., 1970,
pages 16-19 and 94-99.) It is also known in the art that the presence of
crossl i nkwog3anddr the extent of crosslinking can be comCraisbrdebsy t he
stoichionetry and/or curing used in preparing the polyner. 5 1n a
non-limting enbodi ment, a thernoplastic polyurethane can be prepared by
using the required stoichionetric amount (e.g. from97%to 102% of a
curative such as but not limted to _b%ane diol. In anon-limting

enbodi ment, a crosslinked pol yurethane can be prepared by using |ess than
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percent by s‘fﬁbﬁ?@ or less than 85 percent by WO 03/ 054097 PCT/ US02/ 40626 -

Non-hrnltlng examples of thermoplastic polyurethane polymers for use in the
present invention can include but are not limited to TEXIN® aliphatic polyether-
based thermoplastic polyurethane resins, which are commercially available from

20 Bayer Corporation. Non-limiting examples of thermoplastic poly(meth)acrylates can
include but are not limited to ROHADON thermoplastic poly(meth)acrylate, which is
commercially available from ROHM America, Incorporated.

In a non-limiting embodiment, the particulate crosslinked polymer can be
chosen sﬁch that there is essentially no sintering of the particles upon heating.

25 The amount of particulate polymer present in the polishing pad of the present
invention can vary widely. In alternate non-limiting embodiments, the particulate
polymer is present in an amount of at least 51 percent by weight, or at least 65 percent
by weight, or at least 75 percent by weight, based on the total weight of the particulate
polymer and the organic polymer binder. In further alternate non-limiting

30 embodiments, the particulate polymer can be present in an amount of less than 95

percent by weight, or less than 90 percent by weight, or less than 85 percent by



wei ght, based on the total weight of the particul ate polyner and the
organi c polyner binder. In the present invention, the polishing pad
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vari ety of suitable organic polyner binders are 5 known for use herein. In
a non-limting enbodi nent, the organic polyner binder can be chosen from
t hernopl asti ¢ organi ¢ pol yner binders, crosslinked organic polyner

bi nders, organi c polynmer binders conprised of interpenetrating pol yner
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condensat i oparticulate polymer. In a non-limiting embodlment the molecules of an organic

polymer binder precursor can react with each other to form the organic polymer
binder while the precursor is in the presence of the particulate polymer. In another

20 non-limiting embodiment, more than one organic polymer binder precursor can be
used and the molecules of one precursor can react with the molecules of another
precursor while in the presence of the particulafe polymer to form the organic polymer
binder. ' ’

The in-situ preparation of the organic polymer binder can include

25 polymerization methods that are known to the skilled artisan. In alternate non-
limiting embodiments, the polymer can be formed by a condensation reaction, a free
radical initiated reaction or combinations thereof. In one embodiment, the polymer
can be a polyurethane formed by the condensation of an isocyanate functional

- polyurethane prepolymer with a polyamine. In another embodiment, the polymer can
. 30 be a polyurethane-acrylate formed by the polymerization of a urethane-diacrylate in

the presence of free radical initiator. In a further embodiment, the polymer can be an



and free radical polynerization reactions, as described previously herein.
Sui tabl e organi ¢ pol ynmer binder precursors for use in the present invention
can be chwoan/of4em t hose known to skilled artisans, and caoTasoy4osmael y.
Non 5 limting exanples can include nononers, prepolyners, resins and

m xtures thereof In non-limting enbodinents, the organic binder precursor
can contain catalysts, crosslinking agents, curing agents, solvents, and

ot her conventional additives that are_ kpaown in the art. In alternate
non-limting enbodi ments, the organlc pol ymer bi nder precursor 10 can be
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two active hydrogen groups that can react with the isocyanate groups of the.

isocyanate functional material.
Non-limiting examples of suitable isocyanate functional materials, capped

20 isocyanate materials, (meth)acrylate modified isocyanates, and hydrogen functional
materials, that may be used to prepare the organic polyurethane binder can be chosen
from ;the isocyanate functional materials, capped isocyanate materials, (meth)acrylate
modified isocyanates, and hydrogen functional materials as described previously
herein, respectively, relative to the particulate polymer.

25 In a further non-limiting embodiment, the isocyanate functional material can
include a capped isocyanate material. It is believed that the presence of a capped
isocyanate material can delay the onset of gelation when the isocyanate functional
material and the hydrogen functional material are combined. Delaying the onset of
gelation allows additional time for mixing together the particulate polymer and,

30 isocyanate and hydrogen functional materials. In a further non-limiting embodiment,
the capped isocyanate material can be present in an amount such that the isocyanate

functional material contains capped isocyanate groups in an amount of less than 50



nol e percent, or at least 5 nole percent, or fromb5 nole percent to 40 nole
percent, based on the total nolar equivalents of free isocyanate and
capped i swoyansate? groups. In a non-limting enbodi nent, tRETIGSODY®AAL €
functional material can conprise a (neth)acrylate-nodified polyfunctional
| socyanate material having at least 5 two (neth)acrylate nodified
| socyanat e groups, as described previously herein. In a further ‘
non-limting enbodi ment, the (meth)acrylate-nodified i socyanate nateri al
can be.present in an anount of | ess T Hah 760 wei ght percent, or at least 5
wei ght percent, or fromy>5 t?n%& meigpt gﬁrc nt, based o# thi | socyanat e
functi onal Te@eicsnt, paideash SREIFENts F T P mqle Pereent I FO MO REFES 10 1n a
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used to prepare the organic polyurethane bi'nder precursor can conprise a
catal yst. Non- | iIpiatriondinaitingembedistent, the ispeyanatgfancjienal reaierial et ude t hose
recited preyi RO Akl :
e e L

particul ate’p suc ertiary-am nes, for
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di butyltin diJaurate..In a.fyrther. non-Jimtin di ment . the . catal yst

can be i ncd%‘ﬁ%‘?ré‘togdlmlﬁflg W@H‘mﬁéb%&“ft{m&yﬁ%ﬁgp FqCy gl {ngﬁantagcan

combi ni ng - YehifedefiCikA RSO S WHADB6 WelghDSdrtai 2 R 5 @lefaht bercailtf er nat e

non-limting enbodinents, the catalyst can be present in a anount of |ess
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percent by .agmeplaﬁﬁ:lﬁgatgfol?&@flﬁﬁ&al 20 wei ght of the conbined isocyanate
al materrals.
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can be frorﬂ"t‘f?’gﬁ.s U§edFo Prepar .e??%f‘w?ﬂoﬁwg'w.%}?@fpﬁec??%g? %6“5?”6? 4or from
0.8: 1.0 t Qafhlyht. Noh-lindfink BxaAnpledlof suithble datalsila@eh fiRNide dhosk ecited esent

i nvention, the organic polyurethane binder can be a reaction prg)gﬁct of an

i socyanat e Hrevieustyhereinnwitle ragard tothe prepaatiomefitbe particelaiemolypsethantse ieRat e
groups, an i i '-Elh Ngn i | funct i onal
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pol yur et hange RobBgi@ate dn@hydfogeh furictiond) heaerils. | In\afainatemonNimiting M t i ng .

exanpl es of suitable jsocyanate WO 03/Q54097 PCT/ US02/ 40626 .
i embodiments, the catglyst can be presenthn a amount otj less than 5 percent by weight,

or less than 3 percent by weight or less than 1 percent by weight, based on the total

20 weight of the combined isocyanate and hydrogen functional materials. The molar
equivalents ratio of isocyanate groups and optional capped isocyanate groups to active
hydrogen groups of the materials used to prepare the crosslinked polyurethane binder
canbe from 0.5:1.0t02.0: 1.0, or from 0.7:1.0to 1.3 : 1.0, or frorh 0.8:1.0to
1.2:1.0. .

25 In a non-limiting embodiment of the present invention, the organic
polyurethane binder can be a reaction product of an isocyanate functional material
which can have at least two isocyanate groups, and water. Non-limiting examples of
suitable isocyanate functional materials can include those non-limiting examples of
isocyanate functional materials recited previously herein. In a further non-limiting

30 embodiment, an isocyanate functional polyurethane prepolymer having at least two
isocyanate groups can be reacted with-water to form an organic polyurethane binder

for use in the present invention. Non-limiting examples of suitable isocyanate



- 24 functional polyurethane prepolyners include those described
previously herein. In a non-limting enbodi nent, the isocyanate functional
pol yur et hape3ps@pnl yner can include but is not |imted t@®CrhsSor/emes i on
product of toluene diisocyanate and poly(tetrahydrofuran). 5 As used
herein and in the clainms, the term"reacted with water" can include adding
water to the isocyanate functional material, or it can include contacting
the isocyanate functional material w th water vapor, noisture or humdity.
In a non-limting enbodi nent, the particul ate pol yner, isocyanate

funct i onal e R4l AR Ghes St aho GRS il AORHHA! 1Ad P! aced

into an opén havi ng no top or e mxture can
be di stri bubadimitihgembbdienent itk isycyanate hiamtiond! pobyanthdne puepolymericgnfi | | t he

nol d. Suitable hani cal. neans can. i ncl ud I e re. pr ing or the
use of conﬁ%c(!‘t‘qegﬁﬁ F%‘P‘?tiﬂ’%‘@ ghefﬁe ?Q‘é’H pS%‘gﬂﬁFﬁgPﬁ'\évP‘ggW%ggwat%éﬁzlsIacgd in an
oven at amboBitfetrh®fmR6fuddayr € (for exanple, 25C) or elevated tenperature (for

exanpl e,..from-30C to 90C) for a.period of tinme.(for exanple, from .15 30
mnutes %o 24 hd\suspd hereimandip gheslaimsothe ferm Treapidgvith yatee eemn indndg i ve

hum dity (f,Q4: W : : t) s iR cohtatiidd e

enbodi nent ’aﬁgméo yepé%edg%%gﬁx%ﬁ%&?g%@ggnl égﬂpl)lfcéparé)(lr:lla tl)yg reacting an
epoxi de f unsticyanadd funatieral alaterdal with ceatervepgy meistue of bamiditywo epoxi de

groups; and a hydrogen. f.uncti onal terial. which can.conpris t | east two
active 20 hydrodBf "3?5%‘5‘“% ﬁg’go‘i‘r"‘éegﬁéléec?q%%}f% PE‘YP‘% ! (ffgg?aéeeﬁlag%%nﬁ of the
epoxi de f ungdtér@Nahd opBérR tahlystNan bk iniTkéd togetherami iphiedints uh bpd okdpoxi de and
hydrogen functional materi a?’s can _include thgse_previous i
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rel ati vk t de-ghagrold havingac spioridr dge mixtire e dediibyied el thS e bPY o
prepare the, paLLikauhahe %ooahy ﬁﬁ%@ﬁogt %ﬁﬂgﬁ@%ecﬂarm phiahycghabde 25
Non-limting exanples of sultabl e epoxide and hydrogen functional nmaterials
t hat can bdowpegsire ppsssingoe thehuse pb tyrepastipd eollsis ddre flledmpen orold thgnisan chosen

e
hydrogen f yagpéraned (f5Béx@tiphd, frond3 @ Q@b Cpfop b ppasdof trae Plok wexmgpie, dmnbi nder
precursor can conprise an epoxide ring_.opening catalyst.. n-limting
exanpl k5 of30guinbies te2¢ hews)isiiae piesench of HHBavings Bercé‘ﬁéil?ﬁ‘éel\@g?‘g}tij Q{Dg recited
gg}lbgg; Zoeg%ﬂepfr%tjs t'b%elfeijcehf). t he preparation of the WO 03/ 054097
In a non-limiting embodiment, a polyepoxide binder precursor can be prepared
by reacting an epoxide functional material which can comprise at least two epoxide
groups; and a hydrogen functional material which can comprise at least two active
20 - hydrogen groups that are reactive with the epoxide groups of the epoxide functional
material. Non-limiting examples of suitable epoxide and hydrogen functional
materials can include those previously recited relative to those epoxide and hydrogen
functional materials used to prepare the particulate polye,péxide as discussed
previously herein. )
25 Non-limiting examples of suitable epoxide and hydrogen functional materials
that can be used to prepare the polyepoxide binder precursor can be chosen from the
epoxide and hydrogen functional materials as described previously herein,
respectively.
In a non-limiting embodiment, the epoxide and hydrogen functional materials
30 used to prepare the polyepoxide binder precursor can comprise an epoxide ring
opening catalyst. Non-limiting examples of suitable catélysts can include those

epoxide catalysts recited previously herein with regard to the preparation of the



- 25 particul ate pol yepoxide, such as tertiary am nes, for exanple,
tri-tertiarybutyl amne, and tetrafluoroboric acid. In a non-limting
enbodi merwo oBlostognat al yst can be added to the hydrogen fumlcriusnzakoseat eri al
prior to mxing the epoxide and hydrogen materials together. In a further
non-limting enbodi ment, the epoxide ring opening catalyst can 5 be present
I n an amount of |less than 5 percent by weight, or less than 3 percent or 1
percent by weight, based on the total_wgi ght of the epoxide and hydrogen
functional materials. In alternate non-1imting enbodi nents, the nolar

equi val ent rat] f Xl r . 1.0 ' 1, gk 1 he
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crosslinked polyners. Suitahle crosslink ol rs n be chosen froma
W do-var i ot SPOBIEEITS RKOE THOERB AL PR A e PR Sl GUPrepBoti oki || od
artisan, 20, ghokI8 bidifek PRRuRbE cadbR it 0)51:M.0 Bh.0 01.0h&sRoh ®CT 1 ED tP18Vi OUS| y
herein relative to the <Crosslinked particul ate polymer, such as

crossl i hked p@pyfiemth&ned todoslsd.i nked pol yepoxi des, crosslinked
t hane. mod f 4 . _ oss'1n
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enbodi nent, the organic can conprise conventi onal
addi tives. ddmprisk thernoplastiapglymersoSuitahle tHelmomlasticgrolyroers kan kschadeh t i ves

i nclude thoge addi,tives as ,describhed previqusly herein wth r dto
prepar at i ontTO aVHde aa??tveifmmﬂafft%w@m{ﬁﬁ‘aiﬁ% %ﬁ#‘fﬂ"&%ﬂw&t e%@?ﬁapoxi de,
such as butatiget ahd EntifSluli @bk éndteingasiao AFRO tsrited pRFioUSY HekedX tddativiezi Ng
agents. In alternate non- limting enbodinents, the additives can be

present 15 n tatheihsumenlessicaiartinglateralymgs suchps thamoplstippolyneihlacrylpies, ess t han

5 percent ' . Fﬁflm L feplorby weight, 30 based on the
total wei gﬁ%&g@@%‘gcggf aké%(ﬁ;&p?%) yne?(t@féng%r. In further alternate non-
linmiting embodi néwther nomdinttng exanipdesadf saitidile drgasic patynips birdideprecwrsesist her t he
epoxi de Orcarﬁycg)%n% iS¢ c;ogs{: ed ?nglymrg?st %rdit%ﬂl%'cr(}égi&?é{i%%ﬁ%?és can be chosen

from a wide variety of crosslinked polymers that are well known to the skilled artisan,

20 and can include but are not limited to those recited previously herein relative to the
crosslinked particulate polymer, such as crosslinked polyurethanes, crosslinked
polyepoxides, crosslinked urethane-modified epoxies and mixtures thereof.

Ina non-lirhiting embodiment, the orgaﬁic polymer binder precursor can
" comprise conventional additives. Non-limiting examplés of suitable conventional

25 additives include those additives as described previously herein with regard to
preparation of the particulate polyurethane and particulate polyepoxide, such as but
not limited to mold release agents, dyes and flexibilizing agents. In alternate non-
limiting embodiments, the additives can be present in an amount totaling less than 10
percent by weight, or less than 5 percent by weight, or less than 3 percent by weight,

30 based on the total weight of the organic polymer binder. In further alternate non-
limiting embodiments, the conventional additives can be added to either the epoxide

or hydrogén functional materials.



- 26 PCT/US02/ 40626 In alternate non-limting enbodi nents, the polishing
pad of the present invention can conprise at |east 5 percent by weight, or
at | east WO opeswent by weight, or at |east 15 percent by Pagiught/4b6 t he
organi ¢ pol yner binder, based on the total weight of the particul ate

pol ymer and the organic polyner binder. In further alternate -5
non-limting enbodi nents, the organic polyner binder can be present in the
polishing pad in an anmount of |ess thams49 percent by weight, or |ess than
35 percent by weight, or less than 25 percent by wei ght, based on the

total weight of Inhaitepditd henilimitthgbodbhents ke HEIRhAIRGARLE tHPrdgeR! bi nder.
The poli Shi{(\& ad of the present invention _can be prepared -bg a variety of
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In a non-limiting embodiment of the present invention, the particulate polymer
20 can comprise a thermoplastic particulate polymer; the thermoplastic particulate
polymer can be mixed with the organic binder precursor, and can be polymerized or
cured at a temperature that is less than the melting or sintering point of the particulate
thermoplastic polymer such that there is no sintering between the thermoplastic '
particles of the resulting pad. In alternate non-limiting embodiments, the terhperature '
25  can be less than 180°C, or less than or equal to 150°C, or less than or equal to 135°C.
In another non-limiting embodiment, the mixture of particulate polymer and
the organic binder precursor can be polymerized in a mold with the application of
pressure and heat, wherein the conditions result in no sintering. Upon completion of
the polymerization step, the pressure underwhich the mold is held can be released, the
30 polishing pad can then be removed from the mold, and the pad can be further

processed, for example, cut into various shapes.



- 27 The polishing pad of the present invention can have one or nore work
surfaces, wherein "work surface" as used herein and the clains refers to a
surface ovOoBlstpad that can come into contact with the s@cfrase2af62d¢ he
article that is to be polished. In a non-limting enbodinment, the article
to be polished can be a silicon wafer. In a 5 non-limting enbodi ment, the
wor k surface of the polishing pad can have surface features such as but
not limted to channels, grooves, perforations and conbi nations thereof.
These surface features can enhance oné of Tore of the foll ow ng

h tistics: t f the. polishi I bet th k
Curtace of the. PP S reseD] AR Pl P ECBEFRG pol | Shed:
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t he wor k5sundmlimitafg énisodiraentcthe wiek seddvanf dad pojishing iphd eah hdvesurdacanpl e, 15

by abrading.or cutting, .In another non-limting enbodi nen urface

Foat ur os. oofratEss SHE 8 piiat BEFteR o CHRREE RO e ERB 9P LSRR BB ng ¢ he
nol di ng pr ogessdf, These stofaldEbRured ¥arPérMuhél o G¥mdrEdsthedBRowinger i or surface
of the mold with raised features that can be inprinted into the work

surface of ¢hsgaghisticss()ithrympyement ofthe notishing shusy detwaeatthe weorkcwrfagrof

di stri but edyg, r ]g\l%@: r ' QESI]]F r wor k 20
surface of dtthhg)a%o (}Is}hiswgfg{)eaé(}f%ﬂ n-%i%é{?él{r)%ﬁ@anp %’S(QZ?@gélﬁ?ga(l:e eature
pat t er n30 c atmanspout bofi dieradbed matesalrestayl from thedsutfacspfl the hticlecthatas being squar es,
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cbod ment SPOUSHE S5 h RGP B encEfeney AL BRACOTiEE R have a pore
size of at | eastSdrfifeTedtives 8dn B int&P6atdd ifllotthe Work fice of the@aEhiddpathby
mcrons. In further alternate non-limting enbodi nents, fhe pore size of

t he pol i shimgansghd asaknaym todbaserafprdingyckil iatheart. bra pesimitingn 500 ni crons,
or less th ) s L AL | : gul ate
ool yrer andyootimEhe iFor shifadt R bld oh bR HBACH R0 b Bol Babre

parti cullat ebyveltreding lor ciitieg.abr aethee nopdintifingérabedimeniz surfice featurbecaditet r i but ed

substantially unifoy. or n- uni f ar,n 3Q throughout the particul ate
pol yner andy%?rpf)ﬁléed(’)lfqbgtkf’gv OggF Fogfhﬁd’éfl .du’flﬂg g‘e %EIH%RW‘%‘%S% Plenbodi ment ,
t he abrasi vexapilé,ibyradi@ingat Rastane ¢ateriGiesuttacd of thel irdtd sith shissdt featutey

uniformy throughout the partjcul ate pol r and/or the organic polyner
binder . 1n Wes &3 ssmpoinicdanioukewprpmsce of the pad during its formation. Surface ”

features can be distributed in the form of random or uniform patterns across the work
20 surface of the polishing pad. Non-limiting examples of surface feature patterns can
include but are not limited to spirals, circles, squares, cross-hatches and waffle-like
patterns. ‘ |
In alternate non-limiting embodiments, the polishing pad of the present
invention can have a pore size of at least 1 micfon, or at least 5 microns, or at least 10
25 microns. In further alternate non-limiting embodiments, the pore size of the polishing
pad can be less than 1000 microns, or less than 500 microns, or less than 100 microns.
In a non-limiting embodiment, the particulate polymer and/or the organic
polymer binder can comprise an abrasive particulate material. The abrasive
particulate material can be distributed substantially uniformly or non-uniformly
30 throughout the particulate polymer and/or the organic polymer binder. In a non-

limiting embodiment, the abrasive particulate material can be distributed substantially

. uniformly throughout the particulate polymer and/or the organic polymer binder. In -



- 28 alternate non-limting enbodi nents, the abrasive particulate materi al
can be present in the polishing pad in an anount of |ess than 70 percent
by wei ghtwoms/os091 east 5 percent by weight, or from5 pePCEALSOL/®6EE
percent by weight, based on the total weight of the pad. 5 In alternate
non-limting enbodi nents, the abrasive particulate material can be in the
formof individual particles, aggregates of individual particles, or a
conbi nation of individual particles andgaggregates. In further alternate
non-limting enbodi ments, the shape of the abrasive particulate materi al

i nel ud \ Sy . _ . ds.
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verage. par Prgts oY BT, o o sk EhlIBieS B Tal b bigh? o OGR FERA o 03

m cron, or weigheafthe@ad. micron. In further alternate non-linting
embodi nents, the_average ticle size of the abrasive.15 partjcul ate

a . )
mat eri al Scan be Fb@gen_? %ﬂ&s mm‘@rmd“%m?’é gahrasive nasticy étm?éqnabpar}%s t han
1 nicron, 1ﬂhafa?mﬂihmv;duagpa§ﬁaaq hBekated Mniﬁmgﬂ?arﬂﬁi%st, bfh sorgmsﬁcﬂf the

abrasive particulate nmaterial can neasured al ong the | ongest di nension of

t he parti cl ef indiidhal particlengndesgnqpiates. bi fusiler alisreatahoralinitingrambddirnents,e

. ) . o i L ' de.
Cuch ha but e sHaR dithd AtV BLAGRAL pl MR A OABAE IS i fid HisBhERS, "
treated al uridsytnamgles) pyrantidd, eofiessegulat cubienurregulxd dbes, and nigtireg@hd/der i ved

al um na; silican carhbjde,.such as but not limted to green silicon carbide
and bl acR s‘?qqﬂ&‘ﬁﬁlq{’é?lb‘irﬁéf, titani um di boride; boron carbide; silicon

nitride; tungstem gael 4B alerdRPaHBNSALOIARe ath@IDPA N UMt Chgle, such
as but not 25 limted to cubic boron nitride and hexagonal boron nitride;
garnet ; fusedy&idelynlin alierpatonerlimiting erabodiments.4he deragequartidleizeechntte f umed

silica; iro W=y 0Nl a. =N ' 1.3, Ll thania: fi | de; manganese
oxi dor and oy 801 GG r & Rk o1 ShorG U ehie ot BB " he
abr asi ve paaltdarnat¢ aorelimitiey ¢rmbodimenthahe vz age fartivle sikeiof thaabrasixe de, silica,

cerium oxi de, ..zi.-rconia.and m xtures_thereof. 30 |.n non-limtin
obodi oGt -BariEiaE et U BR KAAIER 50 EGGR. or 1kss B 1 Morons e s fhan 1
I nvention caferb@ve a surface nodifier thereon. Non-limting exanpl es of

suitabl e surface nodifjers can include surfactants, coupling agents and
m xt ur-es WO 03/ oBvpoon-laitingsmhodingend, the average particle size of the abrasive

particulate material can measured along the longest dimension of the particle.
Non-limiting examples of suitable abrasive particulate materials for use in the

20 present invention can include aluminum oxide, such as but not limited to gamma
alumina, fused aluminum oxide, heat treated aluminum oxide, white fused aluminum
oxide, and sol gel derived alumina; éilicon carbide, such as but not limited to green
silicon carbide and black silicon carbide; titanium diboride; boron carbide; silicon
nitride; .tungsten carbide; titanium carbide; diamond; boron nitride, such as but not

25 limited to cubic boron nitride and hexagonal boron nitride; garnet; fused alumina
zirconia; silica, such as but not limited to fumed silica; iron oxide; cromia; ceria;
zirconia; titania; tin oxide; manganese oxide; and mixtures thereof. In a further non-
limiting embodiment, the abrasive particulate material can be chosen from aluminum
oxide, silica, cerium oxide, zirconia and mixtures thereof.

30 In a non-limiting embodiment, the abrasive particulate material used in the
present invention can have a surface modifier thereon. Non-limiting examples of

suitable surface modifiers can include surfactants, coupling agents and mixtures '



- 29 thereof. In a non-limting enbodi nent, surfactants can be used to

i nprove the dispersibility of the abrasive particles in the resins from
whi ch t hewpasswet at e pol yner and/ or organi ¢ pol yner bi neer/usari4dses
prepared. In another non-limting enbodi nent, coupling agents can be used
to enhance binding of the abrasive particles to the matrix 5 of the
particul ate polynmer and/or to the natrix of the organic polynmer binder. In
a further non-limting enbodi nent, %gsurface nodi fier can be present in
an amount of |ess than 25 percent by Weight, or fromO0.5 to 10 percent by

wei ght, the t Ial e abrasi t.icu Al material and
surface méﬁﬁfFﬁn Inﬁlélﬂn1 lf’gﬂﬁb‘g‘i}%{é %qta.ngﬁapgxg' 58‘2 rlfrﬁ)é tﬁ% for use in
the presentdid fp@iﬂéﬁﬁhﬂnyf thelSbrasive panidletia thd1edins Grontahich mlhdlparﬁdimkhepellytrfBr and

noni oni ¢ surfactants, such as but not Ilimted to matfl .al koxi des,

pol al kyl en@nger e@@nw@&ﬂxrger&mdebﬁgl Ranreprredst inanethen ponyfimitingembpdiment,
Non-1imting AU sent

i nvention canlgl ﬁ%ﬁ%ﬁ% gﬁ%égquﬁtgﬁeymnagfg not I?ﬁlﬁd@%eéoﬁég@n%gﬁgnes .
titanates aufdlemrmmemiynmmd/ontntbp momix afithe onggnie polydiembinder.tla coupl i ng

N e S g e L

present i n\l@d@&h@msqadﬂcdmaww&fg&n% fiohn6.610 10 pancbmtby wiight| lbambd onlthedotal r cl es,
el l'i pses, squares, ctangles and tri anI es._In aé&é’n limting enbodinent,
the pol i shivagls@d theabrasive nertiquiate materig and ifacs Madiberbel t . The pol i shing 20
pads according tHgyd ﬂﬁltP{gee?ﬁthlek BY&HEab%urﬁ&ﬁntQ%sé 11Y‘4h@%rés@ﬁ‘tgﬁvéhftloﬁ' zes and
t hi cknesses. In a non- mbodi ment, a circular polishing pad can
have a 1di aaeimtudeanipnig camqmq amphoteric end aanienic swrfackantsy secheas bybnot i i t i ng

R L o e s

i nvention cafils. Rontlinging edanples yfsmﬁtammamﬂl@ ageatsfornse icthbipgesestnt | net er
(g/cc) to 1.1 g/cc as {Teasgred by, ASTM 16 In angt her_ non-limting

enbodi ment ,INYSREOR 60 WRIUdg sPhanes-SFh pkad nof, ‘@H' ‘?3’ RERRASHANES SHGUALEH at
| east 80, %rcf)a{lﬁﬂhﬁ%st (Pn g%on—ﬁ?rﬂtn%‘&hﬁod:ﬂn'é'ﬁf R pli (Faéﬁt &h iddludeast 35, or

85 or less, or from4 80, determ ned in accordance with ASTM D
2240. 305 | rSIRQREST slhmes Agl 7érm6m-lﬁﬁrﬂ; whidheargepmmgiciplysaailddefremniitre e
parti cul at & r§§ %ﬁgAI nked pol yurethane and pol yuret hane binder. In another
enbodi ment ol present invention, the polishing pad can conprise
particul ate cr osHieipotichting phd efrhz p@eﬁﬂ@%ﬂﬁﬁdﬁ%’a@@ﬁﬂdﬁ%ﬁﬁds&ﬁﬁ@ﬁl but

not limited to circles, ellipses, squares, rectangles and triangles. In a non-limiting

embodiment, the polishing pad can be in the form of a continuous belt. The polishing
20 pads according to the present invention, can have a wide range of sizes and
thicknesses. In a non-limiting embodiment, a circular polishing pad can have a
diameter ranging from 3.8 cm to 137 cm. In a further non-limiting embodiment, the
thickness of the polishing pad can vary from 0.5 mm to 5 mm. '
Ina non—hmmng embodiment, the polishing pad of the present invention can
25 have a density of from 0.5 grams per cubic centimeter (g/cc) to 1.1 g/cc as measured
by ASTM 1622-88. In another non-limiting embodiment, the polishing pad can have
a Shore A Hardness value of at least 80, or from 85 to 98, and Shore D Hardness
value of at least 35, or 85 or less, or from 45 to 80, as determined in accordance with
ASTM D 2240.
30 ' In a non-limiting embodiment, the polishing pad can comprise particulate
crosslinked polyurethane and polyurethane binder. In another embodiment of the

present invention, the polishing pad can comprise particulate crosslinked polyepoxide



- 30 and pol yurethane binder. In a further non-limting enbodi nent, the
polishing pad can conprise particulate crosslinked pol yepoxi de and

pol yepoxiwe odiosuder. In a further enbodi nent, the poli shi RgTASA2/¢m®m6
conprise particulate crosslinked pol yurethane and pol yepoxide binder. In a
further enbodi ment, the polishing pad can conprise 5 particul ate
crosslinked pol yurethane, particul ate crosslinked pol yepoxi de and m xtures
t hereof, and a pol yuret hane bi nder, pal ygpoxi de bi nder and co-pol yners

t hereof. A polishing pad according to the present invention may be
described WaddpoljGE@MRROBRIED 1HRFWHAG nbhIihifing embBdifedt iR ﬁonsﬁinggha 5511 ng pad
6 having a work surface 10 11 on one side and a substantially parallel
back sur f aceomprisgparticalaiperosslinked pelyepsixiderrndpalyepexide pindewdn alfartiirgure 3, a

ti 14 f . [ ' i.0- t . il i fied
P ew 24 SRS e Rk phd ofF QRS phflichtite Blonfel Silul MalPR | 50
parti cul at epplgépoxide Hfiderwin Elﬁaﬁlﬁr bmbdnﬁmehtly@&iﬁwirshihg pad g%ni:omp?%‘sby rre][ bi gger
26.. Part. | at. I 2 ; ) nmer. bi.nger .Qogether form
corthoe. or netiggRE R lntd soReahde, b Blat b aralad rberaseea ch ol do
bel ow wor kmsithifed @ferdok; andli ﬁ&yt&@ﬂlaﬁél‘ﬁiﬁﬂ&i ﬁcﬂzéﬁbx‘iﬂ% AR And¥o-pBlyndeheory, it

Is believed that while in use, while pofls i'ng or planarizing the surface
of a silicoewafer, in a non-limti ng enbodi ment, the porosity of the work
surface of the pg@lj k- . . i: i '

substantial ly co%gtogln 1ﬂg\ﬁfgcc? Edrl{lag’rtﬂé gfeg%rll%\genk@(ﬁ{&g&?g eﬁc,?ﬁg% Gg\/\t/%)lr Kk

surface 11 cferpukits drawing Biube 3.sInBignreByapotistingipad 6 havisex ampllesuafapel i shi ng

erbeddedtpol boh 8% Afle Bt Sl areld Soul S Lo tarbeTesidr e BRposed.
In a non- i pddik depieieBOt Fivite 3,tafridst 1466f WarkRafa&d 11t B AepicRISNfurihey ent i on
can 25 be used w thout a subpad, and can be placed directly on the platen

of a not ori 9@l ingepgnifiehyiewoldy’. Withcrefarence do magpidiedviesy 14 npelishingtpad Gat e

enbodi nent, &% Bl I ' oo :?ﬁ included in
a polishi ngC p Sggs)téerﬁngﬁll lgg %g%ﬁ), g{ﬂﬁhgggﬁmg%%g%%rr shee c%tlﬂn be
adher ed t o bihderi24c Pastinulaie polymet 2@ apdorigshic pglymaat binder 26 togathet fonmnt | ng

pavi ng SowotReEEpEt a0 Snaresk BEREC L AR AR 2 M iR b g o

upper surf aperkasugfage L Dwer surface; and WO 03/054097 - 31

While not intending to be bound by any theory, it is b;élieved that while in use,
while polishing or planarizing the surface of a silicon wafer, in a non-limiting
embodiment, the porosity of the work surface of the polishing pad of the present

20 invention remains substantially constant. With further reference to Figure 1, as work
surface 11 of polishing pad 6 is worn away during, for example a polishing or pad
conditioning process, new surface pores 30 are formed as those embedded pores 23
residing proximately below work surface 11 are exposed. |

Ina non-limiting embodiment, the polishing pad of the present invention can

25 be used without a subpad, and can be placed directly on the platen of a motorized
polishing tool, machine, or apparatus. In an alternate embodiment, the polishing pad
of the present invention can be included in a polishing pad assembly, wherein at least
one backing sheet can be adhered to the back surface of the polishing pad. In a non-
limiting embodiment, a polishing pad assembly can comprise:

30 (a) a polishing pad having a work surface and a back surface;

(b) abacking sheet having an upper surface and a lower surface; and



PCT/ US02/ 40626 (c) an adhesive neans interposed between and in contact with
the back surface of said polishing pad and the upper surface of said
backi ng sWweeB/0540bT a non-limting enbodi nent, the backi ngPshasn2/af62¢ he
pol i shing pad assenbly can be rigid or flexible, and can support or
stabilize or cushion the polishing 5 pad during polishing operations. The
backi ng sheet can be fabricated fromnmaterials that are known to the
skilled artisan. In alternate non-lini%ing enbodi ments, the backi ng sheet
can be fabricated fromorganic polynmerift materials, such as but not

limted to polyesters, such as pol et€ | ene terepht ha a‘éﬁ sgﬁ t, and

pol yol efins, suf® anadhegivemeaps ‘g‘f‘Fég‘?ﬁ g?twgﬁlaalﬁiﬂnfﬁpgﬁ{/‘f’ ghe glét. 10 In
anot her non- | i ng#Rg o2 sRAYb ARG pdd ¥ dRRE lipite seifRlof 04id bhekimpihesthi ng pad
assenbly of the present invention can be a rel ease sheet, ich can be

peel ed away fr &ne noeligdtiesembodiments thethaeking ghest poilie Relisirg pdd to be
adhered to r . I ST

ppar at us. “Boben Wil g B dolBle, SR sBonch! 6t IR A Ehlabll pORIRRE
known t & t paddurirg milidhingropemmkibhd. The tacking sheet carobe fabrivatéchort Snaterirdeli ment
i er | ol o TEER KHE AR TAISATREE. HhoBorYenyP ik S BivRardPE sheet.

pol yol ef i Ngacki she€X@WeFabritatedetdi beARicobaheri WateRhly Buciyd n@osheet , and
fluorinated polyolefins, for exaqgle, ol%tetrafluoro thylegﬁ. é&la
further notimifeite polyesiersouichanpolye Henpisemhthalss sheet and poluolene 4 sheet
can conpri %B@_y&ﬁl@?ﬁé9"3%9%{%@6@5@?%%@ can be in 20 contact wth the

adhesi ve nea ease ¢ known to the skilled artisan.
Non- | i rict i ng ex&mmatkeraonslizhiting emboditnentyshebarkingshed of fHeywlishing pad pol yner s

and silicones.  The. adhesi ve nmeans of, t he,poli,shi ng.pad n be

sel ected fASHRKY Ofafgﬁg’éqs% lﬁ‘ée@g%f’?‘lbera h&aﬁﬂ'gg’\‘?&ﬂ aﬁ?gi’.%%%%?‘%‘ﬁgsi ve |ayer
can be applgioafths a8Rssiieteand thbRbY ANNWingehidyeidisto beadReredd-dnothiet surface,

enmbodi nent, the adhesive Iager can be apg_ll led to tt%e back surface of the

pol i shi ng percxamileo thermlaten phe polishinzAppagrust pemsansiq ﬁ]@e%ﬂ?@%?d,a_d PEYor to
pressing tp?eaagﬁlkélpééégh&??aé%o%%flﬁge sf58in i 1e4rt. TNOMdnl ihfiingd
adhesive layers ca

exanpl es o n include contact adhesives, thernoplastic
adhesi viss, embndintnt,thé eleadhsheiet e bedaluicates fiom papsr of prganisdolymariger noset ti ng

st veo e, 39U BETUUPL G R SR MR B AR BRI Y o
| ayer and axampte! polpéthidsne shekbatrpolyprepylapaheaghrisiuoeinhiag olyolefinfondhesi ve
assembly ¢ aeQargglej 15'01&%35 l(f(}roe\:/t\gylgr?fe/:. 01?1450 Ztheﬁ'%/nﬂ%)lztljng%?n%%diment, the upper
surface of the release sheet can comprise a release coating thereon that can be in
20 contact with the adhesive means. Release coatings are well known to the skilled
artisan. Non-limiting examples of release coatings can include fluorinated polymers
and silicones. '
The adhesive means of the polishing pad assembly can be selected from an -
adhesive assembly or an adhesive layer. An adhesive layer can be applied according
25 to known methods. In a non-limiting embodiment, the adhesive layer can be applied
to the back surface of the polishing pad and/or the upper surface of the backing sheet,
prior to pressing the polishing pad and backing sheet together. Non-limiting
examples of adhesive layers can include contact adhesives, thermoplastic adhesives,
and curable adhesives, such as but not limited to thermosetting adhesives.
30 In another non-limiting embodiment, an adhesive assembly can comprise an

adhesive support sheet interposed between an upper adhesive layer and a lower

adhesive layer. The upper adhesive layer of the adhesive assembly can be in contact



32 with the back surface of the polishing pad, and the | ower adhesive

| ayer can be in contact with the upper surface of the backing sheet.

Non- | i m twog3ez@epl es of adhesive support sheets can be frabrisoztmds f rom an
organic polyneric material, such as but not limted to polyesters, for
exanpl e, polyethylene terephthal ate sheet, and 5 polyol efins, for exanple,
pol yet hyl ene sheet and pol ypropyl ene sheet. In a further non-limting
enbodi mrent, the upper and | ower adhevag | ayers of the adhesive assenbly
can be chosen fromthose adhesives as“r gited previously herein with regard

to the adh ' ' th d |
adhes ve T ayrtae BHR suctaf B Rihsie nal ] R LG e pHE PR OER | 17 T ng
embodi nent, c@:h@ctMtlﬂdbappmuﬁs@mfbhbeguﬁe@ No-=15higiag eRdmslesibf e coat ed

tape, such asg but not i mted doubl e coated filmtapes, which can be
conmer ci al | 931535% SHRRPTE $hoRts SRR %w fbusated §Pm %saraﬁaolsw@ep gleterigh spFhassi on. A

polishing p d wth

ot erance | Qs SRdfo BoiybiasioE BRnl Rk e RARAIRGE B e 1
anLudesfa p@WObﬁnséhrﬂgmn&uﬁsbfﬂggﬂﬁghqmwmbp@ypmmykm$dﬁﬁhdﬁjiﬁﬂhgd allomer
ack surfac r _surf.ac and a | ower
surface 45, ﬁ%r{‘-rmlﬁngd%ﬁé%cpglgﬁt ﬁgﬂape@%‘ \\XBYV%h g“%:ﬁ@?rﬁé’ig]ﬁ aﬁh Neen pol i shi ng
pad 33 and hsekblygcaabeehos. from thosdaddiesivesad reyitdd piévibasly Rerai@eigh regargont act
wi th both IOV\%E Rack urface 17 pol i shi 33, an(rii upper surface 42
of backi ng Ehi@&pdagsivelayssy[n Aoty “’b@%ﬁ%@%‘éﬂ‘ﬁ?@ﬁ Begippen agd lewer adpesiyq des an
adhesi ve as ga?@@,lcﬂn 88bh bedinft élcﬁleél%se rlﬁg?ﬁﬂhé}%ﬁﬁﬁﬁ‘itlﬁgﬁngﬁdlgﬁ Pag 33 and

backi ng she 39. Adhesive assenbly 48 is conposed eS|ve suppor t
sheet 510 whdhesive gsseptbdy panshah m@emm dsvpbbrcoa@ﬂ ¢apieymch ay but o4 limigd tower

"adhesi ve | V& I act back
surface 17 ggﬂle ?Oat (lfﬁlgﬂaggg%?é yrmercaﬁ%éo@gﬁlggé- ﬁ’{}\gﬂrf"glfswwe

cont act mtm‘ap&mﬂrslﬁurattme)ldﬁlonf backl ng sheet 39. Lovver surface 45 of
backi ng sheet 39,0 |IShIn enblies 7 and 9 Figures. 1 and 2 may
each be attachef Roéls gsé%%gf&sa‘ﬁ?rﬁlﬁeé‘mtw&nﬁ%uc% afe sﬁ'gm & not
shown, by sHiftdfdedo P‘i@ﬁf@ﬁ aﬁ‘d 8- Th ﬂ&%ﬁin‘gepa%%’éﬁltﬁﬁ‘?bf PR inchideda
non-limting enbodi ment, the polishing pad he present invention can 3

0 be uséd i Rolishing pedt33dravingan megowormuﬁ‘gceﬂlumi a lowenbagk surfpest i%5Ring
slurry, whi Bébld@dsh{ggtfé@fh@eéxﬂlgyﬁ%pw% f'gncpﬂd‘fe]?l sﬁ&@acg%e d-f?ifJn a%ii{éé} fluid

can be interpos sur ace o e sur ace of
t he subst r atayet 36 Whichad intdrpoked batwaeen puhmgwmmz)aaaﬁg kIRRP390626

Adhesive layer 36 is in adhesive contact with both lower back surface 17 of polishing

pad 33, and upper surface 42 of backing sheet 39.

20 Polishing pad assembly 9 of Figure 2, includes an adhesive assembly 48,
which is interposed between polishing pad 33 and backing sheet 39. Adhesive
assembly 48 is composed of an adhesive support sheet 51, which is intefposed
between upper adhesive layer 54 and lower adhesive layer 57. Upper adhesive layer
54 is in contact with lower back surface 17 of polishing pad 33, and lower adhesive .

25 layer 57 is in contact with uppér surface 42 of backing sheet 39. Lower surface 45 of
backing sheet 39 of polishing pad assemblies 7 and 9 of Figures 1 and 2 may each be
attached to the platen of a motorized polishing machine, not shown, by suitable
means, e.g., adhesive means (not shown).

In a non-limiting embodiment, the polishing pad of the present invention can

30 beused in combination with a polishing fluid, such as a polishing slu@, which is
known in the art. During polishing, the polishing fluid can be interposed between the

work surface of the pad and the surface of the substrate to be polished. In a non-



- 33 limting enbodi nent, the polishing steps can include noving the
polishing pad relative to the substrate being polished. Non-limting
exanpl es wD oswb40abl e polishing fluids for use in the pre®emusinveeé i on can
i nclude slurries conprising abrasive particles. Non-limting exanples of
sui tabl e abrasives can include particlulate cerium5 oxide, particul ate
alum na, and particulate silica. Non-limting exanples of conmmerci al
slurries for use in polishing sem condu gor substrates can include ILD

1200 and I LD 1300 which are conmerci all y”avail abl e from Rodel

comor i al | PR STRBmFRofhe POLENE REBY GBI BUMIRHEE s RALPHFE PRI vi i on. 10

I'n a non- i pEldtivedo eHERRELFREbein Esmehl NBh-MehiRAEl eimpl &L MRURSAE bolishu@nt i on
can be used in conbination w a_ sub- pad Iai‘/m;l form ng a _conposite or

nul ti -1 ayer 8dids derrusedn the. pr¢5ﬁntanv¢mon@an mludrsus i¢SRMISHEi abEasive a sub-pad
| ayer can b @% Wla f
cont.act. bet geljda% higo}ﬁg nlﬁg ?)( %{1 ggﬁﬁé{ﬂé lejgél}g s:%g?m#l e lélgl%{é‘rc%%ég&mhl ch
is being 5pobx1ﬂb,qﬂrtlctﬂme ahnhumuadnd pyrticulatersilive. Neddimiting etdnglespf essi bl e

mat eri al capabl e of I n eve ressure o th rk surface, t he

pol i shing p ‘HnmRE?FFlIS tf‘?f;u%% n%?er%lﬁ?)ndé}ﬁt@r F@?ﬁp@s S%HnFﬁ@?Hg‘é but are
not limt equG(ParﬂQLDlB@O Y dr@@érﬁﬂx@ﬁaﬂ@ dvaildble RO/ R&ﬁmlﬁ&tﬂﬁdraﬁa%@f

nat ural rubber synt heti c rubber, thernoplastic el astomner,

non- 1 i m ti ngermiBprrberAM100and SempiSprised3 “@chtqﬁ@cwmmaé@é@bl%ﬁﬁmbe in the
range of fremA. ﬁ{c}(gﬁlgct@mcsmtwl] g9 of a commercially available
or

sub-pad | ayer sul use € present invention can include Subs™'
IV, whiah is conhea nomhhytnag/anlbcaimmntf tlmlpomdmg pad ofdbe presait éventidrecamr esent

invention| nor,e arl cr| n the follown X | es, which
are int ende P?f’dﬂlé F’U’fﬁ?r}ﬁ”f é‘ SBﬁW)‘?d h@gnm?o&p&s%aﬁgmpﬁﬁﬁggrﬁg and
variations Ethfvhﬁb NI FilrtHRe nGR Rk eiy erhl@odiﬁl@l&ea sib-pddadydritait beuwatwmml ess

ot herw se pecified, all parts and all ercenta%ees are by weig

Exarrp: es A pqilsh@gamdltmmqn@aé@ﬁ}emmnﬁy ofbegniact petween @§B$h1ﬁ&3%11 @éltilﬁe[] s
Ex A 3
Exanpl e QerPa%EBfﬁ{é s%gaﬁwﬁgh' g}iﬁ&ﬂ% Loy et han®- Iyxaq?}fé;] E%B@ﬂféémt e

i ngredients listed rticulate cross yur et hane
was used>5t ocqmpessitde pudtérsdh capgblepefdmparting eser prossure tothdewor teofithe Exanpl es
1 and 2. VO 01?5 9n5g4p0a%7 I\ﬁ)n- 1m1§0 %/eﬁgr%%ﬁes of g’u%—pad layers can include but are not

limited to polyurethane impregnated felt, and foam sheet made of natural rubber,

synthetic rubber, thermoplastic elastomer. In a nbn-limiting embodiment, the

thickness of the sub-pad layer can be in the range of from 0.2 to 2 mm. An example

20 of a commercially available sub-pad layer suitable for use in the present invention can
include Suba™ IV, which is commercially available from Rodel, Incorporated.
The present invention is more particularly described in the following
examples, which are intended to be illustrative only, since numerous modifications
and variations therein will be apparent to thos'é skilled in the art. Unless otherwise

25 specified, all parts and all percentages are by weight.

Examples A, B, C and D
Preparation of Particulate Crosslinked Polymers

Example A
30 Particulate crosslinked pblyurethane was prepared from the ingredients listed
in Table A. The particulate crosslinked polyurethane was used to prepare polishing
pads as described further herein in Examples 1 and 2.



Tabl e A Ingredients Wight (granms) Charge 1 5 diam ne curative (a) 22.5
diam ne curative (b) 8.8 surfactant (c) 0.1 Charge 2 isocyanate

functi onavopsepwbyner (d) 68.5 10 (a) LONZACURE MCDEA di amCmasSos®@eé ve
obtained fromAir Products and Chemcals, Inc, which describes it as

met hyl ene bi s(chl orodi et hyl analine). (b) VERSALI NK P-650

pol y(tetranet hyl ene glycol) diam ne curative obtained from Air Products
and Chemcals, Inc. (c¢c) PLURONIC F108 surfactant, obtained from BASF
Corporation. 15 (d) AR THANE PHP-75D'bE¥b6Iyner, obtained fromAir Products
and Chem cals, 1Inc, which describes it as the isocyanate functi onal
reacti on product of toluene diisocyanate and pol y(tetranethyl ene glycol).
Charge .1 was added To an open contai nply;@aRd praced on-a hot prate set at a
tenperature of 90C until the contents o# e contai ner becane nolten.
Charge 2 wdagredféntshen added to the contai ner \Welght Giriths) on the hot plate,
and the contents were thoroughly nixeﬂ with a notor driven inpeller until
uni form The contents.of the. contai e then poured slow.y. into 400
grams of 5 8QfiHfleQniARE (¥Rt er. with concurrently vigogous stirring of the
dei oni zed water. Upon c Ietlon of the addition of the contents of the
cont ai ner, <hmgmw@usﬂm®(bhg of the deionized water wa8 25 continued for an
addi ti onal o q%%f foll owed by isolation of th ormed particulate
crossl i nked" g%??ﬁ hane by means of filtration. Thé isolated particul ate
crosslinked pol yurethane was dried i iClarge30C oven for 2 hours. The dried
particul ate crosslinked on eth was classified using a stack of

si eves havﬂﬁﬁwﬁﬁgﬁﬁgwg ?abp to the bottcwﬁ the stack of 40 nesh

(420 30 %1 B Y dia Z s
mesh (2& 5|eve openi ngs ( nlcron sieve openlngs)
Parti cul at eClremtieals,dhc,welsich desctibaxtie ek methgleae bisgchioroalmﬁaatahahlie)t he sieve

screens. Pa({s \/%%S?\LW %er oly((\te{rametthyfjengqyc% g?a?'mr%g curat:'i)\?e obtam/&J 1% D4/ 40626
Air Products and Chemicals, Inc.
(c) PLURONIC F108 surfactant, obtained from BASF Corporation.
15 (d) ARITHANE PHP-75D prepolymer, obtained from Air Products and Chemicals,

Inc, which describes it as the isocyanate functional reaction product of toluene

diisocyanate and poly(tetramethylene glycol).
| Charge 1 was added to an open container and placed on a hot plate set at a
temperature of 90°C until the contents of the container became molten. Charge 2 was
20 then added to the container while still on the hot plate, and the contents were
thoroughly mixed with a motor driven impeller until uniform. The contents of the
container were then poured slowly into 400 grams of 80°C deionized water, with
concurrently vigorous stirring of the deionized water. Upon completid’n of the
addition of the contents of the container, vigorous mixing of the deionized water was
25 continued for an additional 10 minutes, followed by isolation of the formed
particulate crosslinked polyurethane by means of filtration. The isolated particulate
crosslinked polyurethane was dried in a 130°C oven for 2 hours.
The dried particulate crosslinked polyurethane was classified using a stack of
sieves having mesh sizes from the top to the bottom of the stack of: 40 mesh (420
30 micron sieve openings), 50 mesh (297 micron sieve openings), 70 mesh (210 micron
sieve openings) and 140 mesh (105 micron sieve openings). Particulate material was

collected separately from each of the sieve screens. Particulate material collected



from for exanple, the 70 nmesh screen was determned to have a particle
size range of from about 210 to 297 m crons, based on the sieve opening

si zes of wbasBtwand 70 nmesh sieves. 5 Exanple B Parti cul 2Ca/usovsshké nked
pol yepoxi de was prepared fromthe ingredients listed in Table B. The
particul ate crosslinked pol yepoxi de was used to prepare polishing pads as
described further herein in Exanples 3 and 4. 10 Table B I ngredi ents Wi ght
(grams) Charge 1 polyam ne curative (g? 40.9 surfactant (c) 1.0 15

i sopropanol sol vent 15.8 sol vent (f)'ilﬁb' Charge 2 epoxy resin (g) 58.1.

(e) VERSAM D 25 ol yam ne-pol yam de curative, obtai ned f.rom Cognis.Corp.
55 (). DR OB RR e A st R G dhityheddB Bre  BsHEE Mat TS 0 o
Cheni cal . (8gmBESA 28800 2PPKcroRs bRsedWRltBE sievt dgeReSiek bf Hes0iand!l70 Charge 1
was added to an open container and stirred with a notor driven 25 inpeller
at 60C unt imnedisievgs. t he conmponents were visual |y observed to have dissol ved
and a uniform m xture was forned, followed by cooling to anbi ent room

tenperature (about.25C).. .Charge 2 was.then added to. the container, and-.the
contentsswere further mxed until uUixdmpleB The contents of the container

were then poured;s).o i nt 00, grang of 80C dei.oni .er. Wt h.
concurrently vi %ﬂ&%ﬂ%&iﬂﬂﬁﬁ@f’l R%’Hgﬁwa%?f&ﬂ?ffgﬁf"%@?@ l%ﬁs lé%l)ylerréal etion
of the ‘addijhiTuBleds. Th@p&ﬁeﬁlﬁﬁt&oﬁﬁnl{dd%og@bﬁﬂéWas useditg pEepdfe pulixhing of t he
dei oni zed water was continued for an additional 2 hours, followed by

i sol ati on opads gedessribedifusthes heseinan Exenpes paAk8d pol yepoxi de by means of WO
03/ 054097 PCT/ US02/ 40626 - 36 filtration. The isolated particul ate
crosslinked pol yepoxide was dried overnight in a 100C oven

10 Table B
Ingredients Weight (grams)
| ‘ Charge 1
polyamine curative (¢) 40.9
surfactant (c) 1.0
15 isopropanol solvent 15.8
solvent (f) . 11.9
. Charge 2 :
epoxy resin (g) 58.1

() VERSAMID 253 polyamine-polyamide curative, obtained from Cognis Corp.
20 (f) DOWANOL PM propylene glycol monomethyl ether, obtained from Dow

Chemical. '

(2) EPON 880 epoxy resin, obtained from Shell Chemical.

Charge 1 was added to an opeﬁ container and stirred with a motor driven

25 impeller at 60°C until all of the components were visually observed to have dissolved
and a uniform mixture was formed, followed by cooling to ambient room temperature
(about 25°C). Charge 2 was then added to the container, and the contents were
further mixed until uniform. The contents of the container were then poured slowly
into 300 grams of 80°C deionized water, with concurrently vigorous stirring of the

30 deionized water. Upon completion of the addition of the contents of the container,
vigorous mixing of the deionized water was continued for an additional 2 hours,

followed by isolation of the formed particulate crosslinked polyépoxide by means of



The dried particul ate crosslinked pol yepoxi de was cl assified using a stack
of sieves as described in Exanple A Particul ate crosslinked pol yepoxi de
was col | ewoed/oseeparately from each of the sieve screens. PETAsp/ €6
Particul ate crosslinked pol yurethane was prepared fromthe ingredients
listed in Table C. The particul ate crosslinked pol yurethane was used to
prepare polishing 10 -pads as described further herein in Exanple 5. Table
C Ingredients Wight (grans) Charge 1 diam ne curative (a) 810
surfactant (c) 30.6 nethyl isobutyl kefone solvent 822 Charge 2

cont 4t nor R iR iBleRe et Stk S e B RO R bEn S oF "

t he cont ai nep0°Canehed 35C. Stirring was continued at this tenperature

until the ingredjients., for.nmed a hg neous solutiqgn. The contaiper, was
then removed frofie e%ﬁﬁﬂlﬁ%tﬁsr.oseﬁggaolzem evoé(?%@eps’cﬁfgss@@g@ﬁ% °f wat er
bath 25 t hegerddgdedcBibENA! B&ndple AN e G RLOERDsdBkEd &é‘;ﬁ)xfdérwéi dolBUEES W th
a notor driven inpeller. until uniform. The contents”of the container were
t hen poubedseparataly &owml sach pfiths sieye Kereengr ans of 40C dei oni zed water, with
concurrently vigorous stirring of the deionized water. Upon conpletion of
the addition of the contents of the container, vigorous mxing of the

dei oni zed water was continued for arExddplki®nal 60 m nutes. 30 The wet

particul ate crosgli.nked pol yuret hane was cl assified using a .stagk of sieves
having mesh si 2eeiPuAtRestEsd PO RIEE Tas ArGRard 5o AR rienBditAds n (300
mi cron WO O/ BRA007 TREPAUSARIADERfinkedIhly biBYR WRADESYrep@dolidihgresh (105
m cron sieve openings). The isolated particulate crosslinked pol yurethane
f r om t h&0 14prdses Hesgabed furdgr bereinnn §xemple'Sa 80C oven. Exanple D Particul ate

crosslinked pol yurethane was prepared fromthe ingredients listed in Table
D. The particul ate crosslinked pol yurethane was used to prepare polishing

Table C
Ingredients Weight (grams)
Charge 1
15 diamine curative (a) 810
surfactant (c) 30.6
methyl isobutyl ketone solvent 822
Charge 2

isocyanate functional prepolymer (d) 2112

20
Charge 1 was added to an open container and warmed with stirring on a hot

plate until the contents of the container reached 35°C. Stirring was continued at this
temperature until the ingredients formed a homogeneous solution. The container was
then removed from the hot plate. Charge 2 was warmed to 55°C using a water bath

25  then added to Charge 1. The contents were mixed for 3 minutes with a motor driven
impeller until uniform. The contents of the container were then poured immediately
into 10 Kilograms of 40°C deionized water, with concurrently vigorous stirring of the
deionized water. Upon completion of the addition of the contents of the container,
vigorous mixing of the deionized water was continued for an additional 60 minutes.

30 The wet particulate crosslinked polyurethane was classified using a stack of sieves

having mesh sizes from the top to the bottom of the stack of: 50 mesh (300 micron



pads as described further herein in Exanple 12. 10 15 Table D

I ngredi ent s\Wei ght (grans) Charge 1 diamne curative (a) -1050 surfactant
(c) 31. 5 mwDhglosdospbut yl ket one sol vent 860 Charge 2 i socyamratrasbumeseé onal
prepol ymer (d) 1570 aliphatic polyisocyanate (j)446 (j) DESMODUR N 3300

al i phatic pol yi socyanate, obtained from Bayer Corporation, Coatings and
Col orants Division, which describes it as a polyfunctional aliphatic 2 0

i socyanate resin based on hexanet hyl eneygi_i socyanate. Charge 1 was added to
an open container and warned with stirring on a hot - plate until the

contents of .the contajne e G Stirring.was #onti IS
Fenper at ur e YR IER PR P HERETE oF Biviol IR SRe BT R LM Pafbuiblt,

cont ai ner wassstinkédpolytirethane trofn thenl 4O mekiotvapdiddoveright iR tai80PC ogen. Char ge 2
was warnmed to 55C using a water bath then added to Charge 1. The contents
were mxed for 2 mnutes wwth a notor driven inpeller until uniform The
contents of the container were then paypgdpi medi ately into 10 Kilograms
of .30C.dei oni zed water, w th concurrently vigorous stirring of the . = .
dei oni zel8 wat er . Pagiowlatesngsslinked pobyfurethaneawisi prepswedofrom ke ientsdistsd t he 30

cont ai ner, i S L X del oni j A an
addi 11 onai P RiEHG 1Bk bidibutle o ORIHEL ORI AREAR kg WH SRR HSEAL L
cl assifi ed peisagdescabetfurthbr hatinie Extmapleri@. mesh sizes fromthe top to the
bottom of the stack of. 50 nesh (300 WD 03/054097 - 38 PCT/US02/ 40626
m cron sieve openings), and 140 nmesh (105 m cron sieve openings). The

isolated particurate crosslinked polygggphane particulate fromthe 140
mesh was dried overnight in a 80C oven. EXAMPLES Preparation of Polishing

Pads 10 Ingredients " Weight (grams)
Charge 1

diamine curative (a) . ~ 1050
surfactant (c) 31.5
methyl isobutyl ketone solvent 860

15 Charge 2
isocyanate functional prepolymer (d) 1570
aliphatic polyisocyanate (j) - 446

(j) DESMODUR N 3300 aliphatic polyisocyanate, obtained from Bayer Corporation,
Coatings and Colorants Division, which describes it as a polyfunctional aliphatic

20 isocyanate resin based on hexamethylene diisocyanate.

Charge 1 was added to an open container and warmed with stirring on a hot -
plate until the contents of the container reached 35°C. Stirring was continued at this
temperaturé until the ingredients formed a homogeneous solution. The container was

25 then removed from the hot plate. With stirring, Charge 2 was warmed to 55°C using
a water bath then added to Charge 1. The contents were mixed for 2 minutes with a
motor driven impeller until uniform. The contents of the container were then poured
immediately into 10 Kilograms of 30°C deionized water, with concurrently vigorous
stirring of the deionized water. Upon completion of the addition of the contents of the

30 container, vigorous mixing of the deionized water was continued for an additional 30
minutes. The wet particulate crosslinked polyurethane was classified using a stack of

sieves having mesh sizes from the top to the bottom of the stack of: 50 mesh (300



Exanmple I A polishing pad conprising particulate crosslinked pol yurethane
and crosslinked pol yurethane binder was prepared fromthe ingredients
sumar i zewoiop/os40e7 fol |l owi ng Table 1. Physical data of thecpaisoyiieng pad of
Exanple 1 are summarized 10 in Table 5. Table 1 Ingredients Wi ght (grans)
Charge 1 15 particul ate crosslinked pol yurethane of Exanple A (h) 5.2

i socyanate functional prepolynmer (d) 1.23 Charge 2 particul ate crosslinked
pol yurethane 2 0 of Exanple A 2.0 diamsge_curative (a) 0.41 diamne
curative (b) 0.16 (h) Particulate crosslinked pol yurethane of Exanple A

t hat was co r : ' . a Les of sieves

st acked topln{tlo ggﬁ%ﬁp %Bgsﬁ’eéﬁmggﬁ %ZL@I%&@ §8§T%§;}]eng}$§)‘?§j?g§sgga§ , and

whi ch was detsicniabectosstiokedipaiglirgthtine peartieulate fint ihel 140zl was drigeé of from 210
to 297 mcraqns. %éh ?8651 and 2 were each separately m xed by hand using a
stai nl ess stoggim P | honmpgenous. The honpgenous ni xtures of -
Charges 1 and 2 were then 30 conbl negix AMPL I t abl e cont ai ner and m xed

t oget her _.by neans. of. .a notor. driven |rrpeller A 6.5 gram.portion. of . the
conbi nat i%n of Charges 1 and 2Pugperatinaef PplighingRadsd into a 1.6 millimeter
deep open (o] - TN nol d having a diameter of 8.3 centineters. The nold was
cl osed and plac I'n a press under a downward force of WO 03/054097 - 39
PCT/ US02/ 40626 907 Ki I/bgmliashhgqxad campasipg patticniatecdroskBbkedf paiyaeth@te ad of 30

i t th d dt |
bl ent " ooRieb gl 2pbETHRY Binder Bk prepmBi P B LS eimp rgesedindhe
pol i shing péslidwingTable 10MEhesica dﬁtﬁ&fmh@pcﬁlsﬁlr@qiaﬂ%&'m&nﬁﬁq 40 SRhmaHA

parti cul ate crob nked pol yur et hane and
Table 5

Table 1
Ingredients Weight (grams)
Charge 1
15 particulate crosslinked polyurethane
of Example A (h) : 52
isocyanate functional prepolymer (d) 1.23
Charge 2 ‘
particulate crosslinked polyurethane
20 of Example A ‘ ‘ 2.0
diamine curative (a) 0.41
diamine curative (b) 0.16

(h) Particulate crosslinked polyurethane of Example A that was collected from the 70
mesh sieve screen of a series of sieves stacked top to bottom: 40 mesh, 50 mesh, 70
25 mesh and 140 mesh, and which was determined accordingly to have a particle size

range of from 210 to 297 microns.

Charges 1 and 2 were each separately mixed by hand using a stainless steel
spatula until homogenous. The homogenous mixtures of Charges 1 and 2 were then
30 combined ina suitable container and mixed together by means of a motor driven
impeller. A 6.5 gram portion of the combination of Charges 1 and 2 was then
introduce;d into a 1.6 millimeter deep open circular mold having a diameter of 8.3

centimeters. The mold was closed and placed in a press under a downward force of



crosslinked pol yepoxi de bi nder was prepared fromthe ingredients summari zed
inthe following Table 2. Physical data of the polishing pad of Exanple 2
are sumrewpDa8d540p1 Tabl e 5. 10 Table 2 | ngredi ents Wi ght pCgarsed/4o6@har ge |
epoxy resin (g) 1.1 15 polyamne curative (e) 0.74 isopropanol sol vent
1.9 propylene glycol nononethyl ether solvent (f) 1.44 Charge 2 2 0
particul ate crosslinked pol yurethane of Exanple A (h) 7.2 Charge 1 was

m xed by hand in a suitable container géigg a stainless steel spatula
until honogenous. Charge 2 was then added to the honngenous m xture of 25

ot er | AOFKOOEGRRAPRAHTTBRAGTe T Aot ATRF RN OF TERAPp oL bl o

then i ntrogggageed fdR tidprefeiid allbweditodool'®) dinbientdesmtéhpdature @sanpl e 1. The
nol d was cl osed and placed in a Eress under a downward force of 907

ki | ograns 2A2Ch fellovyserbat damolding ebthe polishing ped frem the molh i nutes. The nol d
was renoved fromthe press and allowed to cool to anbient 30 room

t enper.at.ure. (about 25C), foll owed. by.denol di ng of the polishing pad.from
the nold. ____@ml ded polishing pad was then given a one hour post-cure

t t t 120C., WD 03/ 054Q PCT{ U Example 3 A

Sol ias hi ﬁgp S;g gcﬁ‘rﬁ isbinePad £OMPEENgPA E:P&es‘fm?ﬂéggr dp%‘ﬁg%/ﬁ@@ﬁgd%ndangnp ©

crosslin ke(ird%@hﬁd@:ﬂ%&lﬁ@oﬁd@ﬁﬁxﬁeﬂﬁ@s pregpad fomftheMgrditenitn@medirtset $n thermar i zed
a

;P et gﬁm;?: l@]g(gvgg ,T,qb}?a!g; ]Qiygllzg T chtl‘ the pol?sh?r];g I’gafgleo E?(lallngpel 2nag.re sglgm%;lzgf( anple 3
in Table 5.
10
Table 2
Ingredients Weight (grams)
Charge 1
epoxy resin (g) 1.1
15 polyamine curative (€) 0.74
isopropanol solvent 1.9
propylene glycol monomethyl ether -
solvent (f) 1.44
Charge2

20 particulate crosslinked polyurethane
of Example A (h) 7.2

Charge 1 was mixed by hand in a suitable container using a stainless steel

spatula until homogenous. Charge 2 was then added to the homogenous mixture of

25 Charge 1, followed by additional mixing by means of a motor driven impeller. A 7.2
gram portion of the combination of Charges 1 and 2 was then introduced into an open
circular mold as described in Example 1. The mold was closed and placed in a press
under a downward force of 907 kilograms and a temperature of 120°C for a period of
30 minutes. The mold was removed from the press and allowed to cool to ambient

30 room temperature (about 25°C), followed by demolding of the polishing pad from the
mold. The demolded polishing pad was then given a one hour post-cure at a

temperature of 120°C.



| ngredi ents Weight (grans) Charge 1 10 epoxy resin (g) 1.2 polyam ne
curative (e) 0.82 isopropanol solvent 2.1 propylene glycol nononethyl

et her solwenB/of4y7 1.6 15 Charge 2 particul ate crossli nkeadCpaiSyppweé de of
Exanple B (i) 7.2 (i) Particulate crosslinked pol yepoxi de of Exanple B that
was collected fromthe 70 nmesh sieve screen of a series of sieves stacked
top to bottom 40 nmesh, 50 nesh, 70 20 nesh and 140 nesh, and whi ch was
determ ned accordingly to have a particle size range of from210 to 297

m crons. Charge 1 was mi xed by hand in a suitable container using a

st ainl ess %eel ! gpatul a until honobgenous. Charge 2 was then added to the
honogenous of Charge 1, followed by additional m xing by neans of
a notor driven iAvpelidteig pal condbridmafaitioulaes tlosdlinkéd pélgeppaiduiaadt i on of
Charges 1 and 2 was then jntroduced into_an open cjrcular mgld.as

descri bed igEosslinkadinolyepoxide biderwagpreparsd ﬁéfmatgfﬁ mgrediens sy dathe nger a
downwad f or. i | ggﬁq 0, O oY jod of
30..m'4nut.es.ﬁq%‘g&ﬁogﬁglﬁ%s%ﬁ%g% %%&bﬁ e pﬁﬂﬁﬁgﬁl,l,oﬁﬁﬁﬁﬁﬁ to .
ambi ent 5 r doffablerfper at ure (about 25C), followed by denol ding of the
polishing pad fromthe 3 0 nold. The denol ded polishing pad was then given
a one hour post-cure at a tenperature of 120C. WO 03/ 054097 - 41

PCT/ US02/ 40626 Exanple 4 A polishing psglegonprising particul ate crosslinked
pol yepoxi de_and _crosslinked polyurethane binder was prepared fromthe

i ngr edi ent dngredigatsi zed in the follow ng Tabl eWgighBlgyams)al data of the
polishing pad of Exanple 4 are sum"rard'hzatra%l in Table 5. Table 4 Ingredients
Wi ght (grams) =hatge L _
10 epoxy resin (g) S 1.2
polyamine curative (e) ' 0.82
~ isopropanol solvent 2.1
propylene glycol monomethyl ether
solvent (f) 1.6
15 Charge 2
particulate crosslinked polyepoxide
of Example B (i) - 72"

(1) Particulate crosslinked polyepoxide of Example B that was collected from the 70
mesh sieve screen of a series of sieves stacked top to bottom: 40 mesh, 50 mesh, 70

20 mesh and 140 mesh, and which was determined accordingly to have a particle size
range of from 210 to 297 microns.

Charge 1 was mixed by hand in a suitable container using a stainless steel
spatula until homogenous. Charge 2 was then added to the homogenous mixture of
Charge 1, followed by additional mixing by means of a motor driven impeller. A 7.2

25 gram portion of the combination of Charges 1 and 2 was then introduced into an open
circular mold as described in Example 1. The mold was closed and placed in a press
under a downwad force of 907 kilograms and a temperature of 120°C for a period of
30 minutes. The mold was removed from the press and allowed to cool to ambient
room temperature (about 25°C), followed by demolding of the polishing pad from the

30 mold. The demolded polishing pad was then given a one hour post-cure at a

temperature of 120°C.



Charge 1 10 particul ate crosslinked pol yepoxi de of Exanple B (i) 5.0

i socyanate functional prepolyner (d) 1.5 Charge 2 particul ate crosslinked
pol yepoxiwe 038540p7 Exanple B (i) 3.3 dianm ne curative (a) PQTHR02/#%2¢ one
solvent 2.0 Charges 1 and 2 were each separately m xed by hand using a
stainless steel 20 spatula until honbgenous. The honpbgenous m xtures of
Charges 1 and 2 were then conbined in a suitable container and m xed

toget her by neans of a notor driven dinpeller. A 7.7 gramportion of the
conbi nation of Charges 1 and 2 was then introduced into a open circular
mol d as de\%{r_&h&g@#i n Exanple 1. The nold was closed and placed in a press
under a downwa orce of 907 kilograns and a tenperature of 25 120C for a
period of 30 m rAipelishingpadmoipristeg paginplaselcrossbimkechpolpensxide a8dd al | owed to

cool to ambieni. raomtenperat.ure (about foll ' of the
pol i shi ng ﬁé%ssh?@%H%W%W%%eé “gc?g %ﬁp%eéq%}&’lﬁ F‘%eﬁ#%‘gx\%gté lgwggés ay 38? ed for
one hour gblléwingMablexdt, UPlE/sithl dat86X the fomtanppael ¢f Bxanpld 4 hiesgmpmdzedbnpr i si ng
particul ate crosslinked pol yurethane and crosslinked pol yurethane bi nder
was prepar d8 TP t he i ngredi ents summarized in the WO 03/ 054097

PCT/ US02/ 40626 - 42 follow ng Table 5. Physical data of the polishing pad
of Exanple_5 are sunmarized in Table 5 Ingredients particulate
crosslinked pol yurethane of Exanple Tablsdcyanate functional prepolynmer (d)

10. ali phau-c—p%-sgc*anaLe—éﬂ—adm+H+e—ek)—aeﬁ%ﬁﬂe—§eHem———
Ingredients Weight (grams

Charge 1
10 particulate crosslinked polyepoxide
of Example B (i) - 5.0
isocyanate functional prepolymer (d) . 1.5
Charge 2
particulate crosslinked polyepoxide
15 of Example B (i) 33
diamine curative (a) ' : 0.57
acetone solvent - 2.0

Charges 1 and 2 were each separately mixed by hand using a stainless steel

20 spatula until homogenous. The homogenous mixtures of Charges 1 and 2 were then
combined in a suitable container and mixed together by means of a motor driven
impeller. A 7.7 gram portion of the combination of Charges 1 and 2 was then
introduced into a open circular mold as described in Example 1. The mold was closed‘_
and placed in a press under a downward force of 907 kilograms and a temperature of

25 120°C for a period of 30 minutes. The mold was removed from the press and allowed
to cool to ambient room temperature (about 25°C), followed by demolding of the
polishing pad from the mold. The demolded polishing pad was post-cured for one
hour at a temperature of 120°C.

30 Example5 ‘
A polishing pad comprising particulate crosslinked polyurethane and

crosslinked polyurethane binder was prepared from the ingredients summarized in the



Table 5 Weight (grans) Charge 1 918 Charge 2 265 8.5 8.5 62 (j) DESMODUR N
3300 aliphatic polyisocyanate, obtained from Bayer Corporation, Coatings
and Col orwptos/oBiogT si on, which describes it as a pol yf unct ipemaiSoakisphat i c

i socyanate 15 resin based on hexanet hyl ene diisocyanate. (k) Lanco PP1362D
m croni zed nodi fied pol ypropyl ene wax, obtained from The Lubri zol
Corporation. Charge 2 was m xed using a notor driven stainless steel
impeller until honbgenous. The hom)gengéls m xture of Charge 2 was then
conbined with Charge 20 1 in a suitabl & container and m xed t oget her by

means of a put or xer t he conbi nati.on of
Charges 1 a oyl%gt b\t{ﬁgng}‘ %8@@@3%&8@&?@&0&9 IPBﬂeW‘Banz?ﬂe nol d
was fed thrpurHbles.pair of rollers at anbient tenperature to forma sheet
that was 0.200" thick The sheet was cured at 25C and  80% RH faor 18 hours
foll owed by 130C for 1 hour. Clrcul aerbl@sSvmth a 22 5" 2 5 di arreter were
cut fromt - 7y

paral l.el ust#® IIJng machi.ne. 09 : o e 6 PO|IShI ng Pad
Physi cal 5Pr opertl es PCT/ US02/ 40626 Exgmpbel 1Exarrp| e 2Exarrp| e 3Exanpl e
4Exanpl e 5 Densi ty0. 960. 890. 940. 920. 95 Z%?cn) (1) Pore

Vol une0. 24 6parigdge eosslinked polyneethanes/ g) (n) 23. 629. 423. 822. 616. 5

of Example C 918
. Charge 2
isocyanate functional prepolymer (d) 265
10 aliphatic polyisocyanate (j) - 8.5
additive (k) 8.5
acetone solvent 62

() DESMODUR N 3300 aliphatic polyisocyanate, obtained from Bayer Corporation,
Coatings and Colorants Division, which describes it as a polyfunctional aliphatic isocyanate
15 resin based on hexamethylene diisocyanate.
(k) Lanco PP1362D micronized modified polypropylene wax, obtained from The Lubrizol
Corporation. ‘
Charge 2 was mixed using a motor driven stainless steel impeller until
homogenous. The homogenous mixture of Charge 2 was then combined with Charge
20 1 in a suitable container and mixed together by means of a motor driven mixer. A
1040 gram portion of the combination of Charges 1 and 2 was then introduced onto a
26” x 26 flat mold. The mold was fed through a pair of rollers at ambient
temperature to form a sheet that was 0.100” thick. The sheet was cured at 25°C and
80% RH for 18 hours followed by 130°C for 1 hour. Circular pads with a 22.5”
25 diameter were cut from the sheet. . The upper and lower surfaces of the pad were made

parallel using a milling machine.



Percent Pore Volume (n) 3633162126 Aver age
9894989898 Shore A Hardness (p) 5850656058
was det erwDra@s540n7 accor dance wit h Anerican
1622-88. (m Pore volune was determned in
using an Autopore |1l nercury porosineter
the following conditions: a contact "angle

Pore Dianmeter (mcrons) (0)
Shore D Hardness (p) (1) Density
St andard Test MeThwsd2/4wESTM) D 5
accordance with ASTM D 4284- 88,
fromMcroneritics, and under

of 140; a nercury surface

tensi on of 480 dynes/cm and degassing %f _the polishing pad sanple under a
vacuum of 50 micrometers of nercury. 151 (n) Percent pore volunme was

cal cul at ed%%kwﬁm—mmﬁﬂfﬁgexhﬂemmme—mm. (o)
Average pore di aneter was determ ned %11?1 an Autopore |1l mercury

porosineter from M cronerit pgEshingPRI PhiyRRaCRdfértieoNs as recited previously
herein with regard to the determmnation of pare volune 15 (p) Shore A and

Shore D hardness were determine in accordance with ASTM D 2240-91. Shore A
har dness val ues in exgess o 0, ~and .Shor e har.dne S i ss of
35.are . considered gen A e?o Eéar%lgi'}r ang@%gOSWé%gP%§?4OGZG.-
44 Exanpl-es—6-9 Poli-ghing -Ss+Reg—Pq ..-‘.; -ia
pol yur et har@ﬁn&ﬁ)ﬂ Crog Z p gt hane bPrider . wer &' epar ed omthe
i ngredi ent ized in 5 the followng Table 7. Physical data of the
pol i shi ng pads of Exanples 6-9 are sunmarized in Table 8.

Pore Volume 0.246 0.330 0.253 0.246 0.170

(cm’/g) (m)

Percent Pore 23.6 29.4 23.8 22.6 16.5

Volume (n)

Average Pore 36 33 16 21 26

Diameter "

(microns) (o)

Shore A 98 94 98 98 98

Hardness (p)

Shore D 58 50 65 60 58

Hardness (p)

(1) Density was determined in accordance with American Standard Test Method (ASTM) D
5 1622-88.
(m) Pore volume was determined in accofdance with ASTM D 4284-88, using an Autopore
I mercury porosimeter from Micromeritics, and under the following conditions: a contact
angle of 140°; a mercury surface tension of 480 dynes/cm; and degassing of the polishing
pad sample under a vacuum of 50 micrometers of mercury.
10  (n) Percent pore volume was calculated from the following equation: 100x(density)x(pore
volume). .
(0) Average pore diameter was determined using an Autopore IIl mercury porosimeter from
Micromeritics, under the conditions as recited previously herein with regard to the
determination of pore volume.
(p) Shore A and Shore D hardness were determine in accordance with ASTM D 2240-91.

Shore A hardness values in excess of 80, and Shore D hardness values in excess of 35 are

15

considered generally to be desirable.



10 Ingredients particulate crosslinked polyurethane of Exanple C

| socyanate functional 15 prepolyner (d) 3.32 acetone solvent particul ate
crossl i nkwo 03054991 yur et hane of Exanple C di am ne curati v@Cfa)So2/dicaén ne
curative (b) acetone solvent . Table 7 Exanples 67 89 Wi ght (gamns)
Charge 1 5.725.395.066.51 1.351.692.04 1.11.11.11.2 Charge 2
2.202.102.002.52 0.450.560.681.11 0.180.220.260.43 1.11.11.11.2 25 Charges
1 and 2 were each separately m xed by %ng using a stainless steel spatula
until honobgenous. The honmpbgenous m xtures of Charges 1 and 2 were then
conbined in a suitable container and m xed together by means of a' notor
driven inpeller. A portion of the conbination of Charges 1 and 2 was then
i ntroduced BxBin@led 6-4. 6 m |l inmeter .deep open circular nold having a diameter
of 8.3 centineters.. The 30 nold, was ¢l osed and, the contents was | evel ed by
pressing. The fiPoligkingpads W%l%ﬁlcuf%e srqsshpke polyurstiene gid 30 i nut es.

The nol d “@%s&lﬂﬁ&??&%}‘&ﬂa&r&m& %‘%ﬁﬁgi‘“ om Ha ﬁigeéméfr@s §ffhatRd3DI ent

roomtenperature 25C), follo enol di ng of o
5 the following Table 7. Physical data of the polishing pads of Examples 6-9 are

summarized in Table 8.

Table 7
Examples
6 Z 8 9
10 Ingredients | Weight (grams)

Charge 1
particulate crosslinked
polyurethane of Example C 572 539 5.06 6.51
isocyanate functional

15 prepolymer (d) 1.35 1.69 2.04

3.32
acetone solvent - 1.1 1.1 1.1 1.2
Charge 2
particulate crosslinked ,

20 polyurethane of Example C 220 2.10 2.00 252
diamine curative (a) 045 0.56 0.68 1.11
diamine curative (b) 0.18 0.22 0.26 043
acetone solvent. 11 11 11 1.2

25 Charges 1 and 2 were each separately mixed by hand using a stainless steel

spatula until homogenous. The homogenous mixtures of Charges 1 and 2 were then
combined in a suitable container and mixed together by means of a motor driven
impeller. A portion of the combination of Charges 1 and 2 was then introduced into a
1.6 millimeter deep open circular mold having a diameter of 8.3 centimeters. The

30 mold was closed and the contents was leveled by pressing. The filled mold was placed
in an oven at 120°C for 30 minutes. The mold was then removed from the oven and

allowed to cool to ambient room terﬂperature (about 25°C), followed by demolding of



WO 03/ 054097 - 45 PCT/ US02/ 40626 the polishing pad fromthe nold. The pad
was then returned to the oven at 120C for an additional hour to conplete

t he cur e.wo0ablogt087 Pol i shi ng Pad Physi cal Properties ExanplP€TABRZMBRE
7Exanpl e 8Exanpl e 9 Density0.910.951.011.05 (g/cm (1) 0.2360.1850.0690.019
Pore Volune (cnB/g) (m,(q) 21.517.67.02.0 Percent Pore Volune (n) 32222756
Average Pore Dianmeter (mcrons) 3502 (0),(qg) Shore D Hardness (p)
21.17.63.72.2 Percent Slurry Absorptianggr) (q) Analysis conducted for
pores having apparent dianeters in the range of 8-150 mcrons. 10 (r)
Percent sl UEHe\’pcﬁi?l'ﬁﬁéBhd %Ménﬂﬂdeflﬁéﬁh%ﬂwéﬁh&gr&&}ﬁe& ) the¥idnht TBddtofy 1 1 nch
X 3 inch specinens pad material were cut and pre-weighed to the nearest
0.001 gram anm«btlglpé@pms:omi@ethh@nrq mrersed in a container of CVMP slurry
(i.e., 1LD 1300,

Table 8
s  Polishing Pad Physical Properties
Example 6 Example 7 Example 8 Example 9
Density 0.91 0.95 1.01 1.05
(g/em’) (1)
Pore Volume 0.236 0.185 0.069 0.019
(cm’/g) (m),(q)
Percent Pore 21.5 17.6 7.0 2.0
Volume (n)
Average Pore 32 22 27 56
Diameter
(microns)
(QXC)
Shore D 53 “ 55 60 62
Hardness (p)
Percent Slurry 21.1 7.6 3.7 2.2
Absorption (1)

(q) Analysis conducted for pores having apparent diameters in the range of 8-150

microns.

10 (r) Percent slurry absorption was determined using the following method: 1 inch X 3
inch specimens of pad material were cut and pre-weighed to the nearest 0.001 gram.
The specimens were then immersed in a container of CMP slurry (i.e., ILD 1300,
Rodel, Inc., Newark, DE) maintained at a temperature of 23+/-1 °C for 24 hours. At
the end of 24 hours the specimens were removed from the slurry, excess slurry

15 removed from the surface, and wet specimens immediatély weighed to the nearest

0.001 gram. The percent slurry absorption was calculated as follows:



Rodel, Inc., Newark, DE) maintained at a tenperature of 23+/-1 C for 24
hours. At the end of 24 hours the specinens were renoved fromthe slurry,
excess slworog/039T enoved from the surface, and wet speci mPaI/UsSomeseat el y
wei ghed to the nearest 0.001 gram The percent slurry absorption was
calcul ated as follows: WO 03/054097 PCT/ US02/ 40626 - 46 wet weight - dry
weight Slurry absorption, %= ------------c-mommoo-o- X 100 dry wei ght
5 10 Exanple 10. The polishing pad of nple 5 was fabricated into a

pol i shing pad assenbly by applyi ng a d%gb'[e coated fil mtape and rel ease
liner to one surface of the pol.i ‘ggﬂ Exanple 11 A two-layer pad was
constructed_py mpunti.ng t h&HBFLEat; ﬁ%% 8an y of Exanple 6 on a 22.5"
di anet er posg‘ffb’g‘?’m 108,74 7 S'Pree‘t'“‘ﬂ‘hE“T’eT s@ |l i ner of the polishing pad
assenbl y of Exanple 6 was remv%@%l ng the adhesive. The 15 polishing
pad assenbly was then firmly bonded, with this adhesive, to a pol yurethane
foam di sk having a dianeter of 22.5",a thickness of 1/16" and a density of
0. 46..g/ cnB. ExamplodBl e coated filmtape with release liner was applied to

oG oot si9 TGS Pine ol s RIS VD RLPRR infle bl ehed FpeeuiRy oM "

pol yur et hangy hpplﬁﬁg atdablRIcemed €l tigeint heleaseginetioast susaverot thezishingt he
fol |l ow ng TabI e 9. WD 03/054097 Ingredients particul ate crosslinked

pol yur et hangad. 5. of Exanpl e-D isocyanate functional prepolynmer (d)
al i phatyg pol yi socyanate (j) catalyst (s)

Example 11
A two-layer pad was constructed by mounting the polishing pad assembly of

Example 6 on a 22.5” diameter polyurethane foam sheet. The release liner of the
polishing pad assembly of Example 6 was removed exposing the adhesive. The

15 polishing pad assembly was then firmly bonded, with this adhesive, to a polyurethane
foam disk having a diameter of 22.5”,a thickness of 1/16” and a density of 0.46 g/cm’.
A double coated film tape with release liner was applied to the remaining surface of

the polyurethane foam.

20 Example 12
A polishing pad comprising particulate crosslinked polyurethane and

crosslinked polyurethane binder was prepared from the ingredients summarized in the
following Table 9.



10 acetone solvent - 47 - Table 9 Wight (gains) Charge 1 2337 Charge 2
410.4 102.6 0.25 120 PCT/ US02/ 40626 (j) DESMODUR N 3300 aliphatic

pol yi socywpaBm®s409bt ai ned from Bayer Corporation, Coati ng®canotieioos ant s

Di vision, which describes it as a polyfunctional aliphatic isocyanate
resin based on hexamet hyl ene diisocyanate. (s) dibutyltin dilaurate 95%
obt ai ned from Signma-Aldrich Corporation. 15 Charge 2 was m xed using a
notor driven stainless steel inpeller-untid honobgenous. The honbgenous

m xture of Charge 2 was then conbined with Charge 1 in a suitable .

contai ner and m xed together by neanstgfed notor driven m xer until
uniform Next, a 930 gramportion of the conbination of Charges 1 and 2 was
20 i ntroducldredieng each of three 26" x 26" fl| aWeipht @gamIhe nol ds were fed
through a pair of rollers at anbi ent;]teggrature to formthree sheets that
were 0.100" thick. The sheets were t 25C and 80% RH for 18 hours
fol | owed bypal@&ffatt efosdlinked polyufektiamel ar pads with a 22.5" dianeter were cut
from.t hes shgetaniphep t he uppér and |ower surfaces ofsstzhe pads were nade
parallel using a mlling nmachine. 25 The present invention has been
described with reference to specific @hagg2s of particular enbodinents
thereof. It. | LNt h details be re ed as limtations
upon t he sc%%%’agﬁ%P%I{ghlgﬁa\?getpl%gﬁﬁeeri@gpt i nsof ar as aﬂgﬁ?o t he extent that

t hey are i ndiphdgcpolpisbdyanate Ynpanyi ng cl ai rs. 30 WA023I 054097

PCT/ US02/ 4062(iys-t (§8 We claim

cata 0.25
10 acetone solvent . 120

(j DESMODUR N 3300 aliphatic polyisocyanate, obtained from Bayer Corporation,
Coatings and Colorants Division, which describes it as a polyfunctional aliphatic
isocyanate resin based on hexanﬁethylene diisocyanate.
(s) dibutyltin dilaurate 95%, obtained from Sigma-Aldrich Corporation.

15

Charge 2 was mixed using a motor driven stainless steel impeller until
homogenous. The homogenous mixture of Charge 2 was then combined with Cﬁarge
" 1 in a suitable container and mixed together by means of a motor driven mixer until

uniform. Next, a 930 gram portion of the combination of Charges 1 and 2 was

20 introduced onto each of three 26” x 26” flat molds. The molds were fed through a
pair of rollers at ambient temperature to form three sheets that were 0.100” thick. The
sheets were cured at 25°C and 80% RH for 18 hours followed by 130°C for 1 hour.
Circular pads with a 22.5” diameter were cut from the sheets then the upper and lower
surfaces of the pads were made parallel using a milling machine.

25 The present invention has been described with reference to specific details of
particular embodiments thereof. It is not intended that such details be regarded as
limitations upon the scope of the invention except insofar as and to the extent that

they are included in the accompanying claims.

30



10 A polishing pad conprising: (a) particul ate pol yner chosen from
thernopl astic particulate polyner, crosslinked particul ate pol yner,

parti cul awe opob4per conpri sed of interpenetrating pol ynePcaaiSapuiess and

m xtures thereof; and (b) an organic polyner binder chosen from

t her nopl astic organic polyner binders, crosslinked organic polyner

bi nders, organic polyner binders conprised of interpenetrating polyner

net wor ks, and m xtures thereof. 2. The4%olishing pad of claim1l wherein

sai d particulate polymer is substantially solid. 3. The polishing pad of
claim1l whagg dﬁald particul ate polyner is chosen from pol yvinyl chloride,
ponV|nyIquor| pol yet hyl ene, pol ypropyl ene, 15 nylon, polycarbonate,

pol yester, pol y(lret h)Apolshidgpadpoimpeisingr , pol yepoxi de, pol yam de,

polyurethane, polystyrene 0 and xtur.es thereof. 4.
The pol i shing pad of @ aj rﬂagt ‘i}%é‘?g"iﬂ g&?ﬂ% b Ee %P%?Pﬂ?ﬁ e is
sel ected from pol yur et hangoBjméteédsslinRed paaxiae polynske! Sartistlfé patyarer0di f i ed

pol yepoxi de binders, (neth)acryl |c nodi f1 ed pol.yuret. hane. bi nder s .and

m xt ures® 20 t hereof. 5. TPQQUW@IS‘P lﬁtj’fmétf@ﬁngd? rpejerksiand mixgres
particul ate polymer has an ge/ ?la(ge particle size of from20 mcrons to 500
mcrons. 6. The polishing pa Of claim1 wherein said particul ate pol yner

is present in said f@b)i smnmggqmmdpolymar blinjierrchemmfrmn t}mmlop]attizt QUgAAQ| C

pol ymer binder is 2 5 pres ai d palishin in g.njnor _anount. 7.
The polishing pad of clai MOPH# i ‘?eqSFF §41° @ 1? 53%?1 rﬁpégae&qﬂorgg%cr age
pore size of from1 to 10QRlywhe& baters &mﬁh@dﬂﬁirﬂt@-ﬁéﬂé&a@@gﬂp& méd ai m 1
wherein said particul ate polyner and said _organic pol yner binder are

di stri bt ed substanti ally nghverks.eng mixtussdhereelki ng surface 3 0 of said

pad, and said p ha vol une to
50 percent by vo unesr%fggc}ﬁggb%cgghﬁ%lt } voﬁegfn%ag%?ﬁjgg?lgéggﬁmeﬁ%g pad. WO
03/ 054097 RastUEGHY 40686 - 49 9. The polishing pad of claim1 wherein said
organi ¢ polymer Bk.)l ndelrhelpsolishing pad of claim 1 wherein said particulate polymer is

chosen from polyvinylchloride, polyvinylfluoride, polyethylene, polypropylene,
15 nylon, polycarbonate, polyester, poly(meth)acrylate, polyether, polyepoxide,
.polyamide, polyurethane, polystyrene, polyimide, polysulfone and mixtures thereof.
4. The polishing pad of claim 1 wherein said organic polymer binder is
selected from polyurethane binders, polyepoxide binders, urethane-modified
polyepoxide binders, (meth)acrylic-modified polyurethane binders and mixtures
20 thereof.
5. The polishing pad of claim 1 wherein said particulate polymer has an
average particle size of ﬁom 20 microns to 500 microns.
6. The polishing pad of claim 1 wherein said particulate polymer is
present in said polishing pad in a major amount, and said organic polymer binder is
25 present in said polishing pad in a minor amount.
7. The polishing pad of claim 1 wherein said polishing pad has an
average pore size of from 1 to 1000 microns.
8. The polishing pad of claim 1 wherein said particulate polymer and said
organic polymer binder are distributed substantially uniformly across working surface
30 of'said pad, and said pad has a percent pore volume of from 2 percent by volume to

50 percent by volume, based on the total volume of said polishing pad.



prepared in-situ. 10. The polishing pad of claim9 wherein said in-situ
preparation conprises an organic polynmer binder precursor. 5 11. The

pol i shi ngwpad/osfootl| ai m 10 wherei n said organi c pol yner bi md&rusopusear sor i s
chosen from pol yuret hane bi nder precursors, polyepoxide binder precursors,
ur et hane- nodi fi ed pol yepoxi de bi nder precursors, (nmeth)acrylic-nodified

pol yur et hane bi nder precursors and m xtures thereof. 12. The polishing pad
of claim 1l wherein said polishing pad _a work 10 surface, said work
surface having surface features sel ect.ed fromchannels, grooves,
perforations andy conby j iml
wherei n at Ieas'gb'one 0 Sdé?@iﬁg????gﬁl%at %%thgéﬂg%(%ﬁﬁcggbgﬂgpg?ﬁ?csapol ymer
bi nder f ur tireparebimgpsituses an abrasive particulate material. 15 14. The
pol i shing pad of,cl ai ere id abrasi.ve.part.iculate. material is
sel ected from al Jhi mﬁe&%?h\g@ngg?&)iﬁﬁmbgme?@ S"Y?fnaﬂ CRAB™ de, boron

car bi de, Sldohqﬁi@esmddrgﬁiﬁcpblyﬂ@ﬁbﬁlﬂelcﬁé&rﬂﬁ titani um carbi de, di anond,
boron.nitride, arnet ed al (r)’r%aa zirconia, silica,. iron oxide,.

S -
chrom a,®ceria, Yir céﬁ}eepo? hipg pa A 1Q)w, G@m s,%@tgﬁ@g@o eBindst mi xt ur es
t hereof. Z%ré&rsop&ec}ﬁgéd ﬁ&‘n;}ﬁ ﬁ% hatle tihdbr el:u%f’sr Ebl eﬁﬁﬁcﬂa HAgEabsor bs from

2% to 50% by vol une of sl sed on t etotaf ['ume of the pad. 16. A
pol i shi ng aecucsHng Mt@hm-deiﬁerlecm@tlan@mIpy&wrSOISh(meth)abr}dlmmchbﬁﬁd)pI astic

particul ate ssme tlc | at e pol yner, particul ate
pol ymer rrég"gtgﬁrp%x&rﬁtpgecﬁlés Estalng g‘g% net wor ks and m xtures

t her eof . and (bR. or getrei poliplaihy ped obélaidel whisrbesnid pelishinpgraditiab astorle or gani ¢
pol yrrer b| nders, cross]inked organlq% ; y i ndcﬁigr i nt erpenetrating
pol yrer! hetSHERRSs saith Vol MEFacq PG sttase séfturem@?cé? QUi SIOVEDI yner

bi nder i s fRHIRMohSaR ddtmbikdtiond RRer&yF | Shing pad of claim 16 wherein said
particulate polyner is chosen from pol yvinyl choride, polyvinylfluoride,

pol yet hyl ene, pdBypr e netishing\prdef ¢laino  wheein ademt a60iEaid parficulate

polymer and said organic polymer binder further comprises an abrasive particulate

material.

15 14.  The polishing pad of claim 13 wherein said abrasive particulate
material is selected from aluminum oxide, silicon carbide, titanium diboride, boron
carbide, silicon nitride, tungsten carbide, titanium carbide, diamond, boron nitride,
garnet, fused alumina zirconia, silica, iron oxide, chromia, ceria, zirconia, titania, tin
oxide, manganese oxide and mixtures thereof.

20 15.  The polishing pad of claim 1 wherein said pad absorbs from 2% to
50% by volume of slurry based on the total volume of the pad.

16. A polishing pad comprising:
(a) particulate polymer chosen from thermoplastic particulate
. polymer, crosslinked particulate polymer, particulate poiymer
25 comprised of interpenetrating polymer networks and mixtures
thereof.; and
(b) organic polymer binder chosen from thermoplastic organic
polymer binders, crosslinked organic polymer binders,
interpenetrating polymer networks and combinations thereof,

30 ' wherein said organic polymer binder is formed in-situ.

17.  The polishing pad of claim 16 wherein said particulate polymer is
chosen from polyvinylchloride, polyvinylfluoride, polyethylene, polypropylene, -



- 50 nylon, polycarbonate, polyester, poly(neth)acrylate, polyether,

pol yam de, pol yurethane, polystyrene, polyimde, polysulfone and m xtures
t her eof . WB.03Mk®9pol i shing pad of claim 16 wherein said p&CTiesoy/aices pol ymer
has an average particle size of from20 mcrons to 500 mcrons. 5 19. The
pol i shing pad of claim 16 wherein said organic polyner binder is selected
from pol yur et hane bi nders, pol yepoxi de bi nders, urethane-nodified

pol yepoxi de bi nders, and (neth)acrylic-nodified pol yurethane. 20. The
pol i shing pad of claim 16 wherein said articulate polynmer is present in

0. by wei gisioh, BeEedRRRe ooy R QR BE BCerey elFatlesol ymer "and

sai d or ganiglARkhaRS, pbiystiesne, aﬂyuﬁae %oWsﬁHBﬂ&alﬂQhMﬁ&és theREEr is present in
sai d polishing pad in an  anpunt of fro percent by weight to 49 percent

by wei ght, basedlgan t'ﬁhﬁRQStSblngméloﬁﬁlta%wa‘éﬁeﬁPlfb%“ﬂP@’HP‘&?@PS S@hd said
organi ¢ pol ?hﬂﬁ%sg@&fﬁ&ﬂ@O%kﬁoﬁ?i&QM%@ claim 16 wherein said
r

pol.i shi ng pa a average pore size o om1l to 1000 mi.crons. 22.. .
The pol i shing pal®.of Thepolishiigwadoérhin a6 wheein srd organisgokynsarbingdeeisand

G St 11 but oce SRRt PP A e oS BB SRS ithar o d B8t Sy paa

and sai d paghlfpoxide bdeices: Bhd (}ﬁétﬁ)a\é@lid%odiﬁed?@mrztha@é cent by volume to 50
percent by vol une, based on . 20 the total f said po |sh|ng pad 23.

The pol i shing pa@ of FEh%PQh%@&H%@P@FW@%d"hﬁfe‘g‘a?ﬁl‘gp%fi AterPo
prepared | Rprééeh{‘m it %Jﬁﬁm%?aﬂwhﬂgmgﬁxﬁ oPronl & Peréeht WO Wbt toS% rbéhts' tu

preparatio ani ¢ polymer binder precursor. 5. The
pol i shi hg pladwagn; baseldlomthmmle’vmghtaf daldpglanubtqqmlyn@ranldlsmd@rganm ecursor is

chosen from r.et hane bl der urs QXxi eGUr sors,
ur et hane- é&’ B‘El) Ty WKL %rgglinﬁ f §8@Frs§rp§gs et %?é’??‘% r?%pad) i ed

pol yur et harkﬁn&inﬂdﬁfroﬁfﬁpétbérﬁ'b& v&ﬂgihtml) 19 péxee:nttblyemgi{t badéd o tie tptal i shi ng pad
of claim 16 wherein said poI i shi ngp@@d has a vvo[ go urface, said work

surface havveighifiseidorary@uate pelymes pad 1aidiorgapinre T.gr ooves,
perforations and combrpabdifithg ﬂ&ﬁ%?@fax%%e%@ﬁ&p&%ﬂéﬁ%lﬁ@@@ﬁ - 51

15 average pore size of from 1 to 1000 microns.

22.  The polishing pad of claim 16 wherein said pad has a work surface and
wherein said particulate pélymer and said organic polymer binder are distributed
substantially uniformly across said work surface of said pad, and said pad has a
percent pore volume of from 2 percent by volume to 50 percent by volume, based on

20 the total volume of said polishing pad.

23.  The polishing pad of claim 16 wherein said organic polymer binder is
prepared in-situ. ,

24.  The polishing pad of claim 23 wherein said in-situ preparation

"comprises an organic polymer binder larecursor.

25 25.  The polishing pad of claim 24 wherein said organic polymer binder
precursor is chosen from polyurethane binder precursors, polyepoxide binder
precursors, urethane-modified polyepoxide binder precursors, (meth)acrylic-modified
polyurethane binder precursors and mixtures thereof.

26.  The polishing pad of claim 16 wherein said polishing pad has a work

30 surface, said work surface having surface features selected from channels, grooves,

perforations and combinations thereof.



27. The polishing pad of claim 16 wherein at |east one of said particulate
pol ymer and said organi c pol yner binder further conprises an abrasive
parti cul awe o3fosgoeri al . 28. The polishing pad of claim 27 wogFsSon4®aé d
abrasive particulate 5 material is selected from alum num oxide, silicon
carbide, titaniumdiboride, boron carbide, silicon nitride, tungsten
carbide, titanium carbide, dianond, boron nitride, garnet, fused alum na
zirconia, silica, iron oxide, chroma, geria, zirconia, titania, tin

oxi de, manganese oxi de and m xtures thereof. 10 15 29. A polishing pad

asserbl y combr i s10: oAk LENbARRTS WAL BT ARRLAAD o back

surface; (b) a i'ng “shee aving an upper surface and a surface;
and (c) an patinmeiand sad anganicpaypeskdddrduntises compdsdsmnatitasbieperticolateact  with
t he back surface of said polishing pad and the upper surface of said
backi ng shé®&herein sai d pol i shing pad conprises, (i) particul ate

pol ymer ther nopl2gst i cTHeadolikkidg pheoPElhiBT whereinatd dbrksdet featidulsell at e

pol yner, particul.ate polyner conprised of .interpenetratjng. polynmer .

net wor ks> araferal i splected: fremn abminpmy oxide, silicqn %aﬁbléﬁ,gémlemﬁbbwérb%mder
chosen TV M.l UARLARIHie, RN 6 ORA, HORIund bR SdiahbARE Hotd ARy 9ani C

pol ymer binders, organi c polymer Binders conpri sed o I'nterpenetrating
pol ymer  negamet,Kesedahunina ziroomds, silivay eaf 0xidé cB®miTheeripatircohiantitapiadtimssenbl y

of claim 29 erein said. dhedsi \éﬁgrre&gs is selected from an adhesive
assembly c&l rg’iaﬂééneﬁ%o’ﬂg?)%? WEHWST P C%hyer in contact with the back
surface of saidgoli %Ba@hn@pa@sgaﬁmyc@dﬁﬁﬁhge | ayer in contact wth the
upper surface of said backing sheet,. and an a&hesi ve s pgort 1§fgeet

i nt er pos&d between dald hlg_g@aq'lmeg_alaw_@ stapg prd s backsyriaee: adhesi ve
layer. 30 31. A nethqg)of jyepa) 'sﬂ&tﬁa‘flg hghwgglg&e%a%ho&afmmé@s

particul ate polyner ‘and an organi c po conprising thé step of
reacting an organi ¢ WO 03/ad84097 PCT/ US02/ 40626 ‘
(c) an adhesive means interposed between and in adhesive contact
with the back surface of said polishing pad and the upper

15 surface of said backing sheet,

wherein said polishing pad comprises,
1) particulate pdiymer thermoplastic particulate polymer,
crosslinked particulate polymer, particulate polymer comprised
of interpenetrating polymer networks, and mixtures thereof;

20 and

(i)  an organic polymer binder chosen from thermoplastic
organic polymer binders, crosslinked organic polymer binders,
organic polymer binders cbmprised of interpenetrating polymer
networks, and mixtures thereof.

25 30.  The polishing pad assembly of claim 29 wherein said adhesive means
is selected from: an adhesive assembly comprising, an upper adhesive layer in contact
with the back surface of said polishing pad, a lower adhesive layer in contact with the
uppér surface of said backing sheet, and an adhesive support sheet interposed between
said upper and lower adhesive layers; and an adhesive layer.

30 31. A method of preparing a polishing pad which comprises particulate

polymer and an organic polymer binder, comprising the step of reacting an organic



52 pol yner binder precursor in the essentially i mediate presence of said
particul ate polyner. 32. The nethod of claim 31 wherein said precursor is
sel ect ed Womai054087 gr oup consi sting of nmonomers, prepol ynePs€T/usex#sgs and

m xtures thereof. 5 33. A nethod for chem cal nechanical planarization of a
substrate conprising the step of contacting said substrate with a
pol i shing pad, wherein said pad conprises particulate polyner and an
organi ¢ pol ymer bi nder which binds saids, particul ate polymer together, and
wherein said organic polynmer binder is prepared by chemcally reacting at
10 least o %ﬂﬁﬁ aid
particulatgﬁﬂg&%sﬁggﬂqg% g?g?%§%2? ﬁﬁ@?ﬁ?ﬁﬁF?F%ggﬁQgﬁggggﬁﬁﬂgﬁfd organi c
pol yner bi npdymar. e dlstributed substantlally uni formy across working

surface of said d, perc ore. v of from?2
percent by vol un’@ato ﬁ’@grﬁ’?a@y‘lsi nsaB E’éeﬁgf‘?ﬂ“tsﬁgle‘%{n‘ﬁgf)“\fg?une of
sai-d pol i shgagp pasbistihg 03 onbhers)picpolmets, @ésﬂis%&%uﬂﬁ%s&hé}e&al d precursor is

sel.ect ed fromthe . group consisting of nononers, prepolymners, resins.and.

mi xt ur es®t her eof33-35, A@ﬁbwﬁ%%nﬁswne‘&wa@lmmq A SHDEAER) | yrrer
wherein sal %m;ﬁﬁ'iﬁg thekRbSfR tx&ﬁr ﬁshsétfhté aﬁfaff;%hf%n%pa@mkmal I'ly no

sintering o articfes o partICU ate poly

pol i shing peed ainprises parﬁallatnmo]rymer@odrm prganig pelynaer dander whisthybrimds saidl nder .
37. The pol | of cI wherein said particul ate polyner is
chosen fronﬁ’?ﬁ%‘?ﬁﬁﬁf’@&“’%"% elrla | at e pol yner, crosslinked particul ate
pol ymer, parti cwhétia satd organc p ek biadeo preparidpbyelientitdlyorefing er

net wor ks _and ni xt ur es 38. The, poli shi gg @d of cI aim 36
wher ei nl8ai laa%roaaﬁa'&emﬁd@ QFGCP’§°I iyihe BESSeNCE AT 4 P?’FHE‘P a€tic or ganic

pol ymer bi n'&g?‘%er Eﬁ@%laﬂeﬂ{‘%’d pirfafhe 1pBBJrﬁ(eﬁ“?lﬁd sdill BFE%hﬁp Jyth& e bt | Ng

pol ymer net ks "and m xtures thereo ad of claim 35
wher ei n sai @istpl&uted@ubsﬁarmaﬂmm;zﬁemnlmcross WOﬂ%m afe ofrsapbpfyﬁ and/saddhpagd i de,

pol yvi nyl f1 r|d oI e I r bonat e,

pol yester, %%Iaﬂe Pﬁ? % P e&q}oﬁag\éﬁmgm qug;ﬂt Xé 8“”8‘%{?%8%@@%

pol yepoxi debased)btyﬁie)wﬁheoluﬁﬁlofsﬁu@ehslﬁmg paﬁ,ll fone and m xtures t her eof . WO
03/ 0540%5? PCT/ US??42. ! 40’?§e6method of claim 33 wherein said precursor is selected from the

group consisting of monomers, prepolymers, resins and mixtures thereof.

35. A polishing pad comprising particulate polymer wherein said
particulate polymer is held together with substantially no sintering of the particles of
said particulate polymer. -

20 . 36.  The polishing pad of claim 35 further comprising an organic polymer
binder. ,

37.  The polishing pad of claim 35 wherein said particulate polymer is
chosen from thermoplastic particulate polymer, crosslinked particulate polymer,
particuiate polymer comprised of interpenetrating polymer networks and mixtures

25 thereof. ‘

38.  The polishing pad of claim 36 wherein said organic polymer binder is
chosen from thermoplastic organic polymer binders, crosslinked organic polymer
binders, interpenetrating polymer networks and mixtures thereof.

39.  The polishing pad of claim 35 wherein said particulate polymer is

30  chosen from polyvinylchloride, polyvinylfluoride, polyethylene, polypropylene,
nylon, polycarbonate, polyester, poly(meth)acrylate, polyether, polyamide,
po‘lyurethane,‘ polyepoxide, polyétyre'ne, polyimide, polysulfone and mixtures thereof:



- 53 40. The polishing pad of claim 35 wherein said particul ate pol yner
has an average particle size of from20 mcrons to 500 mcrons. 41. The
pol i shi ngwpad/osfoot!| ai m 36 wherei n said organi c pol yner bi mrderusoy4063el ect ed
from pol yur et hane bi nders, pol yepoxi de bi nders, urethane- nodified

pol yepoxi de bi nders, (meth)acrylic-nodified polyurethane binders, and

m xtures thereof. 42. The polishing pad of claim 36 wherein said
particul ate polymer is present in saLdgpolishing pad in an amount of from
51 percent. by .weight to 95 percent by weight, based on the total weight of
sai d particul at e4pol YFRE paihirpPad FcBiiz6 iR LXADArRLREESolyAGthas 2hd
organi ¢ pol ynmer bi nder |g resent 1n said polishing pad in an anount of
from 5 per caveragsypayidle bize obirad 20gniceons th§OGmigrbns. based on the tot al

wei ght of said pgyticedate.pol r [ .gani | r_binder.. 43. The
pol i shing pad of fﬁél ai #gg&\}\%&g\éﬁ%ﬁ ‘ﬁ.agmggl‘%%eg?‘ﬁga‘Sg’Bé)aﬁé%p%g%m@ab\}‘g‘?%ése por e
svih ze of f rpsdeléctém&d;ﬁ?{alyﬁrahml indebs, gélyeﬁmgd@mhﬂam urgthpresd mxfdti)ﬁ:éddai m 36

erei.n said.particulate po ran i rgani c_po] ymer._binder are ... ..
di stri bu?edp%lﬁﬁé@%%(%l‘é‘hﬁp (m%ﬁ%m%zmaéﬁéé@%@?éiﬂa@&ﬂn&sﬁ% apd mEgS pad, and
sai d pad hagegopercent pore volune of from2 percent by volune to 50
percent by volunme, based on the total volune of said polishing pad. 45. -

The polishing pa#l.of Thepelisbérgmdrosiclrimdioavhergnsiid ppdicylate pddymerds is 20
prepared in-sity. 46, The.pol i.shi ' ' kd ln-situ

br opar at i onPoegiin PRARSIRRES bl AaPR B o 81 Peen INRRUAL 95 Bl

pol i shi ng pbylweight|batetd @bthestiley¢igitaifdaid glattiinlatgpqlpdehanl saidwphnic sur f ace,
said work surface having, sutrface features selected from channels,.grooves,
25 per f &P at PUNEE WiGEto A1 Frid PrEAGIcRbyRRsPIndes s PRENTBIPIRANGIBR R ai m 36
wherei n at hResit of BOnPS perdbist tRaldibiitb 2 PercM B REigRNBase@bf tIR/1gaNI C pol yner
bi nder further conprises an abrasrve paiticulate "material. 49. The

pol i shi ng pweight ofcsaid partienlelh@pbimer gad spid bressiopslysaertbinderate 3 0 naterial is
sel ected from al ym nu jele: sl - carhide.. tl:Lan: ] i.de, boron
carbide, sili con%n]'} t r%g?blgsﬁ}\nfzéagr??ggpg%g&l%ﬁl?tgéhllh%?Al%:ig}rl%#%&wsgﬁamnd,
boron ni tri aleragdPob34id64DRIMAGH/ 1080 &i06L6 - 54

15 44.  The polishing pad of claim 36 wherein said particulate polymer and

said organic polymer binder are distributed substantially uniformly across work
surface of said pad, and said pad has a percent pore volume of from 2 percent by
volume to 50 percent by volume, based on the total volume of said polishing pad.

45. - The polishing pad of claim 36 wherein said organic polymer binder is

20 prepared in-situ.

46.  The polishing pad of claim 45 wherein said in-situ preparation
comprises an organic polymer bindef Precursor.

- 47..  The polishing pad of claim 35 wherein said polishing pad has a work
surface, said work surface having surface features selected from channels, grooves,
25 perforations and combinations thereof.

48.  The polishing pad of claim 36 wherein at least one of said particulate
polymer and said organic polymer binder further comprises an abrasive particulate
material.

49.  The polishing pad of claim 48 wherein said abrasive particulate

30 material is selected from aluminum oxide, silicon carbide, titanium diboride, boron

carbide, silicon nitride, tungsten carbide, titanium carbide, diamond, boron nitride,



garnet, fused alumna zirconia, silica, iron oxide, chroma, ceria,
zirconia, titania, tin oxide, manganese oxide and m xtures thereof. WO
03/ 054097W0 030548hG. 17 36 42 54 51 57 39 33 11 PCI/ USOPCA0GB540626 17 NI X
FIG 2 3A-, FIG 3 39 30 45 42 1

- 54 -

garnet, fused alumina zirconia, silica, iron oxide, chromia, ceria, zirconia, titania, tin

- oxide, manganese oxide and mixtures thereof.
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