WO 02/ 22309 PCT/ US01/ 28948 POLI SHI NG PAD COWPRI SI NG PARTI CULATE POLYMER
AND CROSSLI NKED POLYMER BI NDER DESCRI PTI ON OF THE | NVENTI ON The present

i nventi owoet/zt3es to polishing pads. 5 In particul ar, therpDUS&INSM pads of
the present invention are porous and conposed of particul ate pol yner,
e.g., particulate crosslinked polyner, and crosslinked organic polyner

bi nder that binds the particul ate pol yner together. Polishing pads
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e.g., the chem cal ani ca ng or anari zation of sem con

substrates. The polishing or planarization of the rough surface of an
article, e.g., a sem conductor substrate, to a snooth surface generally
i nvol ves rubbing the rough surface with the 15 work surface of a polishing

pad using a controlled and pegpeiptiote obDri@NNvEN@ITOR! | Y, a polishing fluid
is interposed between the rough surface of the article that is to be
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circuits are generally 25T or me y neans 5P 2 dEH e s proCcéss steps in
whi ch pat t éhaedbingretbeopanei@rliaglespobpwdr asgevheltict iRod ishivsgllmidsng and
sem conduct i terial are formed on the substrate. In rder to

nexi ni ze thgggg%rﬁ/ t%f Y'E}'“ra]t%rgersaetnetd VAT, 2per YRt et Fott pPgl ssary to
have an l@xt eenetleql anar. , ptieei Siean caBOnglanibhal sobisdHiakeoat vari ous stages
t hr oughout tgt,le sem conduct or waf er producti on grocess. As such,
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PCT/ US01/ 28948 The polishing or planarization of the rough surface
of an article, e.g., a semiconductor substrate, to a smooth
surface generally involves rubbing the rough surface with the

15 work surface of a polishing pad using a controlled and
repetitive motion. Typically, a polishing fluid is interposed
between the rough surface of the article that is to be
polished and the work surface of the polishing pad. The
polishing fluid may optionally contain an abrasive material,

20 e.g., particulate cerium oxide.

The fabrication of semiconductor wafers typically
involves the formation of a plurality of integrated circuits
on a semiconductor substrate of, for example, silicon or
gallium arsenide. The integrated circuits are generally

25 formed by means of a series of process steps in which
patterned layers of materials, such as conductive, insulating
and semiconducting materials, are formed on the substrate. In
order to maximize the demnsity of integrated circuits per
wafer, it is necessary to have an extremely planar precision

30 polished substrate at various stages throughout the
semiconductor wafer production process. As such,

semiconductor wafer production typically involves at least



- 2 one, and nore typically a plurality of polishing steps, which involve
the use of one or nore polishing pads. The polishing steps typically

i nvol ve nmooar223ge t he polishing pad and/ or sem conduct or Raf/@s01R8hst r at e
against 5 each other in the presence of a polishing fluid. The polishing
fluid is often mldly alkaline and may optionally contain abrasive
particulate materials, e.g., silica. The pad acts to nmechanically polish

t he sem conductor substrate, while the polishing fluid serves to

chem cally polish the substrate 10 and to facilitate the renoval and
transport ofonabr ad@dnomatepieadllof fa plluasthianay beodDisHike ceugh, surifemce of

the article. The pressure gt whi ch theeEE)oI,i %gi ng pad and substrate are
pressed agairRYPTERCHDIREr OF M (e "PAE P ULPIBIWIYH they are turned

agai nst each ot her i s tgengsal dningRisatas NBebWat i Ni B dRet ebea@eThko ensure
a controlled rate, of substrate renoval. Unfortunately, polishing and
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variability). Correspondingly, variations in_ the polishing characteristics
of the padsPeyprangd yludduls sofien maddeywritkelljnpotnd mey aptiphaiiari zed
substrates, Jikgh, MY, hay ; . RPhysjical pr.operti of
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pad to the t nd wthin.a single pad. .. lt_is gfsir | e t.o devel op
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desirabl e to_devel op polishipng pads that exhibit reduced and preferably
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t hroughout theieperating lifetinme of the pad.

The pressure at which the polishing pad and

substrate are pressed against each other, and the rate at

15 which they are turned against each other is generally
maintained within high tolerances to ensure a controlled rate
of substrate removal. Unfortunately, polishing and
planarization characteristics are often variable from pad-to-
pad, and throughout the operating lifetime of a given pad

20 (i.e., intrapad variability). Correspondingly, variations in
the polishing characteristics of the pads typically results in
inadequately polished and planarized substrates, which may
have to be scrapped. Physical properties of polishing pads
that can result in variable polishing characteristics include,

25 for example, variations in pore volume and pore size from one
pad to the next, and within a single pad.

It is desirable to develop polishing pads that
exhibit reduced and preferably minimal pad-to-pad variation in
polishing and planarization characteristics. It is further

30 desirable to develop polishing pads that exhibit reduced and
preferably minimal variations in polishing and planarization

characteristics throughout the operating lifetime of the pad.



WO 02/ 22309 PCT/US01/28948 3 International Publication No. WO 98/47662,
publ i shed under the Patent Cooperation Treaty, describes a polishing pad
for sem oooduza3or substrates, which is fabricated from spar/@sedspssrti cl es
of thernoplastic resin. 5 The polishing pads of International Publication
No. WO 98/47662 are further described as being porous and uniform

I nternational Publication No. WO 96/15887, published under the Patent
Cooperation Treaty, describes polishing pads prepared by pressure
sintering powder conpacts 10 of thernoplastic polynmer at tenperatures
above the gl ass transilntennsdenperlatubdifatiomod. eweesdi4rgekhe nel ting point

of the ther Lastic L yper.._ The palishi ads of International

Publ i cati on p%glﬁ%%fﬁr%%% A i ﬁg?pe%%%(?% ggﬁa%’ H%\?icﬁé FHt2r connect ed
porosity, wpodhshsngimdEBy démidonduketdir@fidtanses Uniieth Skat es Pat ent
Nunbers 5,900, 164 an 5,578,362 descri be polyneric polishing pads, which
include a porymerFed hEeri §1?We€gﬁ’éféac%ﬁ$l‘?fatBFHF%\FF)JiaﬁFle TpotYmeric

m croel enenti$ie POBLEHiIhEdals POt ViTRh6a bl ShDelRBRNta s &ovokg 20 space
therein. The 1164 and 1362 patents further describe the polyneric

mi cr oel enent?8/47 68 heP KR FRTELPY HSF B LeAAD H9isHi ReroPadngds UBEERFR Ng sof ter

than those microel ementscenbedded ibin1!he ShbSU! fA6 &0k 569, pad, when the

work surface is in. contact wth a working environnment. 25 In accordance
with the pr@seatshed emdesnthe Ratenits Copperatdor Irputy.sidesgrpbes conpri si ng:

(50 P el R L PR P RS Ve
crossl i ked ofr ghaimopiasgrer pdlywer atwhegpedsitngdes sadck pawet gtatat e pol yner
together, transition temperature but not exceeding the melting point of
the thermoplastic polymer. The polighing pads of
International Publication No. WO 96/15887 are further
described as having interconnected porosity, which is uniform
15 in all directioms.

United States Patent Numbers 5,900,164 and
5,578,362 describe polymeric polishing pads, which include a
polymeric matrix impregnated with a plurality of polymeric
microelements, wherein each polymeric microelement has a void

20 space therein. The ‘164 and ‘362 patents further describe the
polymeric microelements at the work surface of the polishing
pad as becoming softer than those microelements embedded in
the subsurface of the pad, when the work surface is in. contact
with a working environment.

25 In accordance with the present invention, there is
provided a polishing pad comprising:

(a) particulate polymer selected from particulate
thermoplastic polymer, particulate crosslinked polymer and
mixtures thereof; and

30 (b) crosslinked organic polymer binder, which binds
said particulate polymer together,
wherein said particulate polymer and said crosslinked organic

polymer binder are distributed substantially uniformly



wherein said particul ate polynmer and said crosslinked organic polyne
bi nder are distributed substantially uniformy W 02/22309 PCT/ USO1/ 28948
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representation of a 30 polishing pad assenbly according to the present

is determined by means of the art-recognized mercury
porosimitry method, as describe further herein in the
Examples.

The features that characterize the present
invention are pointed out with particularity in the claims,
which are annexed to and form a part of this disclosure.

These and other features of the invention, its operating
advanﬁages and the specific objects obtained by its use will
be more fully understood from the following detailed
description and the accompanying drawings in which embodiments
of the invention are illustrated and described.

Other than in the operating examples, or where
otherwise indicated, all numbers or expressions, such as those
expressing structural dimensions, pressures, flow rates, etc,
used in the specification and claims are to be understood as

modified in all instances by the term "about."

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a sectional representation of a
polishing pad assembly according to the present invention;
Figure 2 is a sectional representation of a

polishing pad assembly according to the present invention,



Figure 2 is a sectional representation of a polishing pad assenbly
according to the present invention, WO 02/22309 PCT/US01/28948 5 which is
simlar twobthzaa30df Figure 1 but in which the adhesive neROBUSSl/ZEmMsadhesi ve
assenbly; and Figure 3 is a sectional representation of a polishing pad
according the present invention, in which a 5 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 41-3, like nunmerals refer to the
sanme structural conponents. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
crosslinked warigani€ adiyEer cbi tigder dfbFighre polbushiAgwipbds tdecatnkdigre 0 t he
present invention, binds_the particulatqwgolyner (a) together in the pad.

Wi le not iHPBfdiRP? GHESHBEFIRTCaNy #Heory, and based on the evidence

15 at hand, it is bel iyeget Bals thejeeriondl NidpRrbstRc MO Riseki ng, e.9.,
mel t sinterégg“ bet ween the particles of the.partigulate‘vggl mer in
pol i shi ng p&Pdiakery dath eacoorAenpridseRECF Ve itiVeRE oM tdcPatti cul at e
pol ymer of the pad SOHI 388 pﬁ&éixﬁﬂlngtﬁ dN8IAPBEasH G R WIBFacd R
pol i shing pad is prepared bel ow the 2 né?tlng or sintering point of the
parti cul at e tisepadpl Bstshownpdhygregatexs darail be Fdoyrassed fanet het terein.

Partoul ate o iges! 1okadyalyress s detined heceln. ot gve a melting

or sintering point, and correspondingly are not sinter e particul ate
pol ymer of tdwrupolrshiguppoadnhay be 25 prepared by nethods that are known
to the skilled artisan. For exanple, bul k thernoplastic polynmers and bul k
crosslinked polyners nay each be cryogenically ground and classified into

desired particle size r argasLED IDESTREPDDOON reentrael ThENTI@sent i nventi on,
the particul ate crosslinked gol mer_is prepared 30 directl% by reacting a
t wo- conponent conposi ti¥n CFRS§hEked organic polymer binder (b) of

polishing pads according to the present invention, binds the
particulate polymer (a) together in the pad. While not
intending to be bound by any theory, and based on the evidence
15 at hand, it is believed that there is minimal to no sintering,
e.g., melt sintering, between the particles of the particulate
polymer in polishing pads according to the present invention.
When the particulate polymer of the pad comprises particulate
thermoplastic polymer, the polishing pad is prepared below the
20 melting or sintering point of the particulate thermoplastic
polymer, as will be discussed further herein. Particulate
crosslinked polymers as defined herein, do not have a melting
or sintering point, and correspondingly are not sinterable.
The particulate polymer of the polishing pad may be
25 prepared by methods that are known to the skilled artisan.
For example, bulk thermoplastic polymers and bulk crosslinked
polymers may each be cryogenically ground and classified into
desired particle size ranges. In an embodiment of the present
invention, the particulate crosslinked polymer is prepared
30 directly by reacting a two-component composition in the
presence of a heated and agitated liquid medium in which the
two-component composition is substantially insoluble, e.g., an

agqueous medium (as will be discussed further herein). The
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ul ate polynmer of the polishing pad_of the present inventi
day@fﬁﬁﬁxﬁagpéﬁpat%gze of the particulate polymer may range

between any combination of these upper and lower amounts,
inclusive of the recited values. The average particle size of
the particulate polymer may be determined by methods that are
well known to the skilled artisan, e.g., using analytical
instrumentation, such as a Coulter LS particle size analyzer.

In an embodiment of the present invention, the
particulate polymer is substantially solid. As used herein
and in the claims, and with reference to the particulate
polymer of the polishing pad, by “substantially solid” is

"meant that the particulate polymer is not hollow, e.g., it is
not in the form hollow microcapsules. While the substantially
solid particulate polymer may contain entrapped gas, the
entrapped gas bubbles have an average diameter that is
typically less than half the average diameter of the
particulate polymer.

The particulate polymer of the polishing pad of the
present invention may be selected from particulate
thermoplastic polymer. As used herein and in the claims, by
“thermoplastic polymer” is meant a polymeric material that
softens or melts when heated above its softening or melting
point, and returns to its original condition when cooled below

its softening or meltina voint. The particulate

on may



t her nopl astic polymer. As used herein and in the clainms, by 30

"thernopl astic polynmer"” is neant a polyneric material that softens or

mel ts wheviohzaxsedd above its softening or nelting point, ROTUSE28048s to its
original condition when cooled below its softening or nelting point. The
particul ate WD 02/ 22309 PCT/ US01/ 28948 7 thernoplastic polynmer may be

sel ected fromthose thernoplastics that are well known to the skilled
artisan, for exanple, polyvinylchloride’ Ppolyvinylfhuoride, polyethylene,
pol ypropyl ene, nylon, polycarbonate, polyester, 5 poly(neth)acrylate,

pol yet her, POPVERRIRStifoPPLYRERANY, PepsplrttpdefEonpehsaar de (e. g.

pol yether | Mgl mopd sl @nge At X! EGH, LhCLRal sic i disadrheLel Boand i n

the clainms, the term "(neth)acrylate" and simlar ternms refers
acryl ates, REENRE?y|RAleyiamdciebmbidsat Pohevislylddrprides ralgeney eyl at es.

10 In an e i th sent,.J .on, .t ticulate

t her nopl as??gg%%?%r%frgl}es’ gg?é@t Z%lyfgﬁggé#ger'rr&??%??%'poI y(nmet h)acryl ate,

t her nopl &st pelpdhsueidraieteamnblyechar espdhemddt, dobrurephaséj c

pol yur et hane polyners fromwhich the particul ate,thernmopl asfic pol ymer may
be L5 sel ecf 823’?%}67%11066, PP g?’l‘& errp(lee?'T@&W(erc#‘eﬁli“bﬁi%)t’l &9 SFVL%?{E%)-a”%ased

t her nopl ast méxpotaraidrane . r ess NsedWhéedirar@davai tedl @ aieemmessi@dny from
Bayer Cor por“e?ti on. Exanples of thernoplastic poly(meth)acrylates from

whi ch the parPPERl 3t lather DI HIELEY pbt Sk rekgys bke A@dpERSi nel ude,

ROHADON 20 tBena®plasidsC apal yémmida)kachy| ot @cryvatbabley e BFIMAREri ca,
Inc. The particul ate polyner of the polishing pad nay be selected from

particul’® e crosslinké® pBl §RRAKeps eSddie REPEPAL akyantiphe ©li s, the
term "crosshihpked, oy MRk rmdp 4858 oiﬁné&o'ﬁé”%%§e&h@& f13Ye a

t hr ee- di nensi onal crosslink networE and that do not have a nelting or
sintering p@hﬁrmoplastic poly (meth)acrylate, thermoplastic polyurethane

and mixtures thereof. Thermoplastic polyurethane polymers
from which the particulate thermoplastic polymer may be

L5 selected include, for example, TEXIN® aliphatic polyether-
based thermoplastic polyurethane resins, which are available
commercially from Bayer Corporation. Examples of
thermoplastic poly(meth)acrylates from which the particulate
thermoplastic polymer may be selected include; ROHADON

20 thermoplastic poly(meth)acrylate, available from ROHM America,
Inc.

The particulate polymer of the polishing pad may be
selected from particulate crosslinked polymers. As used
herein and in the claims, the term “crosslinked polymer”

25 refers to polymers that have a three-dimensional crosslink
network and that do not have a melting or sintering point.
Accordingly, the particulate crosslinked polymers of the
present invention do not become sintered together upon
heating.'

30 The particulate crosslinked polymer may be selected
from particulate crosslinked polyurethane, particulate
crosslinked polyepoxide and mixtures thereof. As used herein

and in the claims, the term “crosslinked polyurethane” with



Accordingly, the particulate crosslinked polyners of the present invention
do not becone sintered together upon heating. 30 The particul ate
crossl i nwed opad3ger nmay be selected from particul ate cr oBETURKE$948

pol yur et hane, particulate crosslinked pol yepoxide and m xtures thereof. As
used herein and in the clains, the term"crosslinked pol yurethane” with WO
02/ 22309 PCT/ US01/ 28948 8 regard to the particul ate crosslinked pol yner
(a) and the crosslinked organic polyner bi nder (b), refers to crosslinked

polymers that are gre pared from an i socyanate functional reactant and an
active hydr GGEATRURRt Fh BPTE baekaft C%S@H&%@M PReEMPH| Alr ePRaFRS typical ly

h backbo REES o t X I £ ), urea
Frkages (-NEQLO R O N LN B nar 61 FERCES Ty Gt gt 2
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term ! cr OSS']HGQ.E@%%POATYQE%QIX 1V@§’1Iy% elqeflg'l&l%gailn.‘g ac{katnhe Cl al s, and

wth regard to t partlcu ate I nk pol and the crossllnked
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prepared fr a oxi de f ctl na reac ng n, active_hydrogen
functi onal r%glg ge(? r@moélgfe i St 68#‘?/’%%%x 3@@’(:?9 %31 VrREv S S5 Ec kbone

| i nkages sel(eered(cbrmHetoh}epNﬂumdoagﬁSR estdreini Akagas;drageAp dd nkages and
conbi nations_therepof. Particul ate crosslinked pol yuret hanes may be

pr epar ed ac@&FBPﬁBlT'o HELRBULPRATEC SF e2HRNAE I GRAR b aie COER%IWe‘dmért i san.

Typically, therparti cileaterar o&siésnkaﬁed %Qamgpwseﬁééh%rgeulsédpﬁ@mrzﬁd froma
t wo- conponent conp03|t|on conmprilsin an |socyanate functional first

conponerit® EBRpETsFRRY %@W@oc%éﬁlégf H?Eﬁ%#%ﬁ—a’l thegedemicBaveng at | east
t wo Isocyan%&esgim p%rigmgptaaen%bytﬁe%%qlhﬁg&y&%ﬁﬁc p&Amiant having

at | east two capped isocyanate groups; and
binder (b), refers to crosslinked polymers that are prepared

from an epoxide functional reactant and an active hydrogen
functional reactant. Crosslinked polyepoxides typically have

15 Dbackbone linkages selected from ether linkages, ester
linkages, amino linkages énd combinationg thereof.

Particulate crosslinked polyurethanes may be
prepared according to methods that are well known to the
skilled artisan. Typically, the particulate crosslinked

20 polyurethane is prepared from a two-component composition
comprising: (i) an isocyanate functional first component
comprising an isocyanate functional reactant having at least
two isocyanate groups, and optionaily a capped isocyanate
reactant having at least two capped isocyanate groups; and

25 (ii) an active hydrogen functional second component comprising
an active hydrogen functional reactant having at least two
active hydrogen groups that are reactive with the isocyanate
groups of the isocyanate component.

The first and second components of the two-

30 component composition used to prepare the particulate
crosslinked polyurethane may be mixed together and polymerized
or cured to form bulk crosslinked polyurethane, which is then

ground, e.g., cryogenically ground, and optionally classified.



25 (ii) an active hydrogen functional second conponent conprising an
active hydrogen functional reactant having at |l east two active hydrogen
groups tved 0a2209 eactive with the isocyanate groups of thReTUSTi28as3at e
conponent. The first and second conponents of the two- 30 conponent
conposition used to prepare the particulate crosslinked pol yurethane may
be m xed together and polynerized or cured to form bul k crosslinked

pol yur et hane, which is then ground, erg?,-cryogenically ground, and
optionally classified. WD 02/ 22309 PCT/USO01/28948 - 9 Alternatively, the
parti cul at e AditezsnhtHkald .pshy upattiavd ataychess fipkes dpoli yueethgndymay Xieng t he
first and s C et ouring .the mxture slowy into
heat ed dei o%%%@gd %gt)eg#el%ggr&%%‘l a’t%li%ng Ta- tahéi Spe)f?%&r(laciomﬁfrelgré%sce of
organi ¢ 5 casgktvbat, amirdngstind acitantry, sisalatingg héedorprdnpaed i cul at e

material, e.qg.,.b iltration, drying the jsolated particulate  material,
and opti onal'Py gl é%é?? ﬁgﬁéa{:h%n dﬁge&gﬁa??ifjc‘iﬂa&t BE ST 9N REF T yur et hane.

The firsts andssecent aolypensattadmnt)bei optdamgl ke owddat paethaiidtr the
presence of an or% nic 10 solvent, such as a ketone, e.g., nethyl isobutyl
kentone. THBEREY ?arﬁa'tge 'f Bt ORIt PR act BN hehdseliated PRBMSHEE (i) of

the two- COMpRRERtaT OIS iobt 98ndtS8A ctifsRE BPAE tnkh8r DA ti-Gik ali 5L 0ssl i nked
pol yur et hane, may be selected from isocyanate functional nononers,

i socyanat e FCHREELHMERS Polypepetanter s ThAdE Eothiemdt Ferend lvempefentd avyes of

| socyanat ¢ pIDBGERES INALBY DRdined Lo HERILSLIE HAGH EULals

crosslinked pol yurethane 1 nclude, but are not rmted to, "afiphatic

pol yi sodfan@cdyenet uadniasai| ieuansat ar gt edueybolly i sooyaiakestosd i cyclic

e

di i socyanat epmpanamat (i0 p6l yhes acyarahnpsnaiie r@mnpok hei drs agyanad Hgtes are
the particulate crosslinked polyurethane, may be selected from
isocyanate functional monomers, isocyanate functional

15 prepolymers and combinations thereof. Classes of isocyanate
monomers that may be used to prepare the particulate
crosslinked polyurethane include, but are not limited to,
aliphatic polyisocyanates; ethylenically unsaturated
polyisocyanates; alicyclic polyisocyanates; aromatic

20 polyisocyanates wherein the isocyanate groups are not bonded
directly to the aromatic ring, e.g., o,a’-xylene diisocyanate;
aromatic polyisocyanates wherein the isocyanate groups are
bonded directly to the aromatic ring, e.g., benzene
diisocyanate; halogenated, alkylated, alkoxylated, nitrated,

25 carbodiimide modified, urea modified and biuret modified
derivatives of polyisocyanates belonging to these classes; and
dimerized and trimerized products of polyisocyanates belonging
to these clagses.

Examples of aliphatic polyisocyanates from which

30 the isocyanate functional reactant may be selected include,

but are not limited to, ethylene diisocyanate, trimethylene

diisocyanate, tetramethylene diisocyanate, hexamethylene

diisocyanate, octamethylene diisocyanate, nonamethvlene



bonded directly to the aromatic ring, e.g., benzene diisocyanate;

hal ogenat ed, al kyl ated, al koxyl ated, nitrated, 25 carbodiim de nodifi ed,
urea nodiwoen2zamd biuret nodified derivatives of polyi soOPgEUSES943e] ongi ng
to these classes; and dinerized and trinerized products of polyi socyanates
bel onging to these classes. Exanples of aliphatic polyisocyanates from
which 30 the isocyanate functional reactant nay be sel ected include, but
are not limted to, ethylene diisocyanmaté, -tri methyl ene diisocyanate,
tetramet hyl ene dii socyanate, hexanethyl ene diisocyanate, octanethyl ene

di i socyanat éiimoezanstiey| @ne’ Br@2he2869tRET/AUSE b+ P84S, 2,204- di i socyanat e,

2,2"-dineth i_L.soeyanat e 2,4- tri hyl hexane
diisocyanaté?ggg§%§§F%f#%n§yi|ég<§5?§ﬁat%fcamfF§§i?¥éréiﬁgfﬁyFﬂ%?%hEthyIene
di i socyanat €, 414 p; tirii-metrhgltbareetatinyd eny aftaitsscyindt &, hexxgmet hyl ene
triisocyanate, 1,8 5 .diisocygnato-4-(isocyanatonethyl)octane,

b 7ot metROP TR R G E R o 8 P SO BRAY STt Y SCrHngate, 18-

bi s(i socganataebdydnatocar boswty@nabbaétEpoyttaheet hyd yethehethyl-1, 8-
2-isocyanat opropyl - 2, 6- di i socyanat ohexanoate, |ysjnediisocyanate nethyl
ester and pﬁ%?ﬁ FHtSecy AR ametRpethstIqctarng . Bxnidisesyarakesiivdnical | y

unsat ur at ed caPQbﬂ&@CmQQi%cJarn%@b\é/@h?b) ét*ifééj, SOCYyaNakeak RELHPNAl gleact ant

may be sel ected include, but "are not Timted to, but'ene diisocyanate and

1, 3- but adi eféifcavafiatebesaneate ., Aveeyedlisoqyehgte owtdyat estér candahi ch t he
i socyanat e ﬁyggﬁégyyysog9§ﬁ£@gnme{§gga¥sggaseIected i nclude, but are not
[

limted to, isophorone I socyanate, cycl ohexane diisocyanate,
met hyl cy€l ohexane di Exsoykaratod, ebhgléesiomldyatosetdrgtrdycl ohexane,

S SOy AR TELR O o PSSt e ELheR)  f onane

I socyanat onetiybe 313 cicedcirariaidepr by | b rcsot yanedd et hylitene
diisocyanate and 1,3-butadiene-1,4-diisocyanate. Alicyclic
polyisocyanates from which the isocyanate functional reactant

15 may be selected include, but are not limited to, isophorone
diisocyanate, cyclohexane diisocyanate, methylcyclohexane
diisocyanate, bis(isocyanatomethyl)cyclohexane,
bis (isocyanatocyclohexyl)methane, bis(isocyanatocyclohexyl) -
2,2-propane, bis(isocyanatocyclohexyl)-1,2-ethane, 2-

20 isocyanatomethyl-3-(3-isocyanatopropyl) -5-isocyanatomethyl-
bicyclo[2.2.1] -heptane, 2-isocyanatomethyl-3-(3-
isocyanatopropyl) -6-isocyanatomethyl-bicyclo[2.2.1] -heptane,
2-isocyanatomethyl-2- (3-isocyanatopropyl) -5-isocyanatomethyl -
bicyclo[2.2.1] -heptane, 2-isocyanatomethyl-2-(3-

25 isocyanatopropyl) -6-isocyanatomethyl-bicyclo[2.2.1] -heptane,
2-isocyanatomethyl-3- (3-isocyanatopropyl) -6- (2-
isocyanatoethyl) -bicyclo[2.2.1] -heptane, 2-isocyanatomethyl-2-
(3-isocyanatopropyl) -5- (2-isocyanatoethyl) ~bicyclo[2.2.1]-
heptane and 2-isocyanatomethyl-2- (3-isocyanatopropyl) -6- (2-

30 isocyanatoethyl)—bicyclo[z.z.l]—heptane.

Examples of aromatic polyisocyanates wherein the
isocyanate groups are not bonded directly to the aromatic ring

from which the isocyanate functional reactant may be selected



bi cycl o[ 2. 2. 1] - hept ane, 2-i socyanat onet hyl - 3-( 3-

i socyanat opropyl ) - 6-i socyanat onet hyl - bi cycl o[ 2. 2. 1] - hept ane,

2- i socyamvad omexshy| - 2- ( 3-i socyanat opr opyl ) - 5-i socyanat onmet PgT/AIS01/28948

bi cycl o[ 2. 2. 1] - hept ane, 2-i socyanat onet hyl -2-(3 25

i socyanat opr opyl ) - 6-i socyanat onet hyl - bi cycl o[ 2. 2. 1] - hept ane,

2-1 socyanat onet hyl - 3- ( 3-i socyanat opr opyl ) - 6- ( 2-

i socyanat oet hyl ) - bi cycl o[ 2. 2. 1] - hept ane112=i socyanat onet hyl - 2-
(3-isocyanat opropyl ) -5-(2-i socyanat oet hyl ) - bi cycl o[ 2. 2. 1] - heptane and

2- i socyanat dmeihgé - Dut3aksoeytanididedpyd ) -16-5((2s8@yanatoethyl) benzene,
isocyanatoeth§l&;bipycl%%Z.ZB - he taggﬁ Exanpl es of_aromatic

pol yi socyan8t 8¢ whér fFeRg=ry af&*g? &r el ndtPisorided directly to
t he aromati dsbtpghadd-armabhgledlia ) bsacyadats sf(uB6t}analonheas | sutzamy be
sel ected WO, _Q2/22309 PCT/USO1/ 28948 - 11 include, but are not limted to,
bi s(i socyan&t-8tPAYReRoBARLY L )paphihateng ot r anet hyl xyl ene dii socyanat e,

1,3-bi s(5 b38¢YsBiBrtonBt |)in'ﬂ)¥1|e}12§n@t§{&, bi s(i socyanat obutyl ) benzene,
bi s(i socyanat onret hyl ) napht hal ene, 5 bi s(i socyanat onet hyl ) di phenyl et her,
bi s(i socyan&i&ét RAvapRtRatar’e phbsilaye emesityilsoe arndisecaadate and

2,5-di(isoc&gga&pn@&ﬂ%gkégéﬁgjlrggggghp ng¥g§$§y jEQﬁY?ﬁggéyg i socyanat e

groups bonded directly t omatic ring, iC € T socyanate
functi onal hedérantsamypnbee stepsethot@ed nbinedely b taree amotmatiaridied,t o,

phenyl ene dici .sQc t et hyl phenylene_ di i socyanat i_sopropyl phenyl ene
diisocyanat3%88d%%33h$F8h3%§35%5% iFg%%?ﬁﬁgge?XﬁggFﬁ§FBHe§§I%%ﬁgteg
di i socyamat encldde,samtopyé phenylieneedi tsprangl ene tdiimethyhbenzene

triisocyana nzene trijsocyanate, naphthalene 15 diisocyanate,
y 1) %§§

t
net hyl naphtﬁgPE HNSBEy AR EY PG fienyT P RPY SBRSRNERE, doF PRI di ne
di i socyanat aimdtiyipHénpheny | dmidapangé ,SQﬁBé%H?iﬁaerQ}l%&%' Bt bydvdrate,

i 1 LR R e e AT
triisocyanate, benzene triisocyanate, naphthalene

15 diisocyanate, methylnaphthalehe diisocyanate, biphenyl
diisocyanate, ortho-tolidine diisocyanate, 4,4'-
diphenylmethane diisocyanate, bis(3-methyl-4-
isocyanatophenyl)methane, bis(isocyanatophenyl)ethylene, 3,3’-
dimethoxy-biphenyl-4,4’-diisocyanate, triphenylmethane

20 triisocyanate, polymeric 4,4'-diphenylmethane diisocyanate,
naphthalene triisocyanate, diphenylmethane-2,4,4'-
triisocyanate, 4-methyldiphenylmethane-3,5,2’,4’,6'-
pentaisocyanate, diphenylether diisocyanate,
bis (isocyanatophenylether)ethyleneglycol,

25 Dbis(isocyanatophenylether)-1,3-propyleneglycol, benzophenone
diisocyanate, carbazole diisocyanate, ethylcarbazole
diisocyanate and dichlorocarbazole diisocyanate.

In an embodiment of the present invention, the
isocyanate functional reactant of the first component (i) of

30 the two-component composition used to prepare the particulate
crosslinked polyurethane is a polyisocyanate monomer having
two isocyanate groups. Examples of preferred bolyisocyanate

monomers having two isocvanate aroups include., a.a’ —wulaene



di met hoxy- bi phenyl -4, 4' -di i socyanate, triphenyl nethane 20 triisocyanate,
pol yneric 4, 4'-di phenyl net hane dii socyanate, naphthal ene triisocyanate,

di phenyl meo haeese®, 4, 4' - triisocyanate, PCT/US01/28948

4- et hyl di phenyl et hane-3,5,2',4',6' - pentai socyanate, diphenylether

di i socyanate, bis(isocyanatophenyl et her)ethyl eneglycol, 25

bi s(i socyanat ophenyl et her) - 1, 3- propyl enegl ycol, benzophenone diisocyanat e,
carbazol e diisocyanate, ethylcarbazol e 1& irsocyanate and di chl orocarbazol e
di i socyanate. In an enbodi nent of the present invention, the isocyanate
functional ré&debapinafet logof br st cospenenhy(xylafe d3sbbgarame- conponent

conposi tion use 0 prepare the particulate crosslinked polyurethane is a
polylsocyandté’ﬁﬁ %ﬂ% H@naY%&)9%?6&?8?%&4?5§F86b@he¥¥&%ﬁﬁt€§n%f preferred

pol yi socyanactcﬂueﬁEn@ﬂﬁo%yBa&tég 4vxp-ldsgﬁam&haheuam&q}a&a%e and
OL.n.'-x~rlcna WO 02/ 22309 PCT/ US01/ 2894 12 diisocyanate,

a, a, a,a -t rsHEEhyI8HAeke dii socyanat e, i sophorone diisocyanate,

b|s(lsocyanatocyclohe&mg)gggggqg, dhghgeg@tgi ngégﬁgéh
4, 4" - di phenyl nmet hane d||socyanatg¥%n m xtures th ofen§ The first

conponent ofcopes i Wirrt a¥senEAt Prevansoshei partisedate gWQ§ﬁmmakehe particul ate
crosslinked cﬁgh¥g?%hﬂgqg_ngysgjaggﬁﬁunc%loﬁ%1yﬁgoggqp & functiona

pol yur et han€ pfepol yner socyanat o yurethane ~pr epol ymer s
may be pr epenoel@rua@d@mh @gepolmﬂmdgsbhmnawee fwebtidds Knemwukethdre: skil | ed

artisan. gast one npolyo diol, and at |east one
i socyanat e u%@?#%‘%a . maﬁ’o]r%r%rpre% rged agbﬂlfc?%%cytfﬁnﬂ?'éh?ﬁ)shmﬂ: a5t 'S eact ed
t oget herch o lmowm o el s @leaneryisapol ymagidaatyngaat1daasbntWooiwacyanat e
groups. | es %&ISOC nat e functi onal nmononers that may be used to 15
prepar e the i-SocyArat e fﬁ t?BnJaﬁasﬁoP%rbﬁcPFé’ﬁélaﬁFeH&PWal PARPIRFe t hose

cl asses and eexanpi asi iMocka8sYANARueNChIONAacted together to form a
polyurethane prepolymer having at least two isocyanate groups.
Examples of isocyanate functional monomers that may be used to

15 prepare the isocyanate functional polyurethane prepolymer,
include those classes and examples of isocyanate functional
monomers as recited previously herein. The molecular weight
of the isocyanate functional polyurethane prepolymer can vary
widely, for example, having a number average molecular (Mn) of

20 from 500 to 15,000, or from 500 to 5000, as determined by gel
permeation chromatography (GPC) using polystyrene standards.

Classes of polyols that may be used to prepare the
isocyanate functional polyurethane prepolymer of the first
component of the two-component composition used to prepare the

25 particulate crosslinked polyurethane include, but are not
limited to: straight or branched chain alkane polyols, e.g.,
1,2-ethanediol, 1,3-propanediol, 1,2-propanediol, 1,4-
butanediol, 1,3-butanediol, glycerol, neopentyl glycol,
trimethylolethane, trimethylolpropane, di-trimethylolpropane,

30 erythritol, pentaerythritol and di-pentaerythritol;
polyalkylene glycols, e.g., di-, tri- and tetraethylene
glycol, and di-, tri- and tetrapropylene glycol; cyclic alkane

polyols, e.g., cyclopentanediol. cvclohexanediol.,



nononers as recited previously herein. The nol ecul ar weight of the

i socyanate functional polyurethane prepolyner can vary wdely, for

exanpl e, wav/ee3oan nunber average nol ecul ar (M) of 20 frorCBHOS28945, 000,
or from500 to 5000, as determ ned by gel perneation chromatography (GPC)
usi ng pol ystyrene standards. C asses of polyols that may be used to
prepare the isocyanate functional polyurethane prepolynmer of the first
conponent of the two-conponent conpositildn-used to prepare the 25
particul ate crosslinked pol yurethane include, but are not limted to:
strai ght or dycinbhranetaiol akckahehgaingdliaetieargpl, 1, 2- et hanedi ol ,

1, 3-propanedi o], 1, 2-propanedi ol , 4- but anedi ol , .1, 3- but anedi o] ,

gl ycerol , ng’a':)ééﬁfcwra?%‘gfcaog‘ﬁ‘?ﬂ%fP?;’i’ldof:g?ﬂ%?‘?éfanfefiilﬁ@ﬁm | BT OPATTES

di -trinet hylmigeopane, g 30 @hytibbk{inzepent Beiddathtiol , anghroxybenzyl

di - pentaerythritol; Oliﬁ’?yl kyl ene. gl ycols, e.g., di-, tri- and

t et r aet hyl erfe-cohgt y2ot  ddrarytolysie aRgsrRadSr ofyfenet fi'ycol ; cyclic

al kane  pol yiloproBy Bi derffilPREBT anedi-abxysyghpheiangdiol . WO 02/ 22309
PCT/ US01/ 28948 - 13 cycl ohexanetriol, cyclohexanedi net hanol,
hydr oxypr opy}éyereresenrsiphengney ct dHekhhekl saliemed! ; pherpiathitblapeiyol s,

e.g., dihydr e gf@m&e&@] I ygro ] I
di hydr oxyt olﬁgg; H%i sphenol é’,%]lg.égﬂ}%}le’li, 3"215 ﬁ%%ﬁ%&??@%@%ﬁﬁﬁgﬁ’g 1
4, 4" - oxybi spingnél 4’ 4suft forgilint dpseydlen repbemorted didbhétvichi sphenol ,

phenol pht hi i,n, yﬁt?i -.hydr ox envyl.) net hane .
4,4 -(1, 2-et gne By J)ﬁcgéyép]}@eéﬁgglgg%cfnél%fr%o 61?ecgfno)}l)bi ‘slp‘henol ; hal ogenat ed
bi sphenol®, imoprepyidéndisieropydiddnebbsézoB- dinldr appphenol ), 4,4' 10

i | i denebi s(2. 6: di chl henol d 4 4' -
ot opyl | AHGRFePBL SR Al S bt G RaD! - CEERGR)f AP BRSFRenol s,

e.g., al koxyiabaendid, -d sopr apybigened phenolsophayiNgaddphehsl 70 al koxy
aroups, - Tor XDl £, P PY e ELOBOKY: VY ST {3 bULoKy aroups: and

propoxy, o-butoxy and B-butoxy groups; and

15 Dbiscyclohexanols, which can be prepared by hydrogenating the
corresponding bisphenols, e.g., 4,4’-isopropylidene-
biscyclohexanol, 4,4’'-oxybiscyclohexanol, 4,4’-
thiobiscyclohexanol and bis (4-hydroxycyclohexanol)methane.
Additional classes of polyols that by be used to prepare

20 isocyanate functional polyurethane prepolymers, include for
example, higher polyalkylene glycols, such as polyethylene
glycols having number average molecular weights (Mn) of, for
example, from 200 to 2000; and hydroxy functional polyesters,
such as those formed from the reaction of diols, such as

25 Dbutane diol, and diacids or diesters, e.g., adipic acid or
diethyl adipate, and having an Mn of, for example, from 200 to
2000. In an embodiment of the present invention, the
isocyanate functional polyurethane prepolymer is prepared from
a diisocyanate, e.g., toluene diisocyanate, and a polyalkylene

30 glycol, e.g., poly(tetrahydrofuran).

The isocyanate functional polyurethane prepolymer

may optionally be prepared in the presence of a catalyst.

Classes of suitable catalvsts include, but are not Timited fo.



15 bi scycl ohexanol s, which can be prepared by hydrogenating the
correspondi ng bi sphenols, e.g., 4,4 -isopropylidene- biscycl ohexanol,

4, 4" - oxybwaeyzdzohexanol , 4, 4' - thiobi scycl ohexanol and PCT/US01/28948

bi s(4- hydroxycycl ohexanol ) met hane.. Additional classes of polyols that by
be used to prepare 20 isocyanate functional polyurethane prepol yners,

i nclude for exanple, higher polyalkylene gl ycol s, such as pol yet hyl ene

gl ycol s havi ng nunber average nol ecul ar ﬁelghts (M) of, for exanple, from

200 to 2000; and hydroxy functional polyesters, such as those forned from
the reacti ofeBFiIHHIAITEFehSAE F5 fHt ey dERe, aped ugenaeetrl icest er s,

e.g., adipi @oﬁgb@h&g icet byl g adichat en @ndhavieNg 2Adivh ogha é:@im;%%rml e,
from 200 to I'n an enbodi ment of the present invention,

i socyanat e PlinedtddEtpEhehrerhisevpeepbl yiher Prsppraipare ¢Lf ?—bﬁn a

di i socyanat |_kyl gl ycol ,
e.g., poIy(?S??%%vﬁf%gtﬁgg?og¥%Zgﬁgggggﬁgfigghgg ?%%§F§% ggrgt ane

prepol ymér beagwoptiforalcbyabestpriepared imtﬂheppepseﬂuemobfatnatalyst.

Cl asses of i le c | ysts nclude but are m.f-ar9 tn
621 59500 PeLr PRt FacYbial BeabiEeciitle BoBRindd Tk SE0idloally. g

or ganonet al biresemrﬂpommdsmosmcrbmaeds btiiat tsi pedtédtingt aeiddd) ti onal

exanpl es of c al.ysts that. nay be used .in the preparation of_the

i socyanat e PORtE ?80%3135 y bt ﬁalﬁ’érﬁ?@bdﬁn’f@ﬂgﬁg Rt P& Br%%q‘??\ﬁlylf a
catal yst isi1dsedcian tlh@eﬂbéﬁ@-r]:ﬁ}f WeRghE, thfsed sACYROALNURELGINAE ~

pol yur et hane 5@ ) ist |caIIy present in an anmount of |ess than
5 percent b¥° ?Jgrﬁnd lﬁPéY%‘F%tEﬂ uF‘éEé"‘f-?]]aﬁ‘of@-Oﬁ‘éFcent by wei ght, and nore
preferably |ess thanqhepelf£@ntcchpodEids thasego%n{p%ﬁehet al weight of 10
pol yol and isocyanate functional nonomer. The first conponent of the

t Wo- conponeRPTPeHHPES isef b areperpr epamarticupate impsaiénkedssl i nked

polyurethane may optionally comprise a capped isocyanate

reactant having at least two capped isocyanate groups. By

15 “capped isocyanate reactant” is meant a monomer or prepolymer
having terminal and/or pendent capped isocyanate groups which
can be converted, under controlled conditions, to decapped,
i.e., free, isocyanate groups and separate or free capping
groups. The capping groups of the capped isocyanate reactant

20 may be fugitive or nonfugitive. By ™ nonfugitive capping
groups” 1is meant a capping group, which upon decapping or
deblocking from the isocyanate group, remains substantially
within the forming three dimensional crosslink network, e.g.,
the forming three dimensional crosslink network of the

25 particulate polymer. By “ fugitive capping group” is meant a
capping group, which upon decapping or deblocking from the
isocyanate group, migrates substantially out of the forming
three dimensional crosslink network, e.g., the forming three
dimensional crosslink network of the particulate polymer.

30 The polyfunctional isocyanate of the capped
isocyanate reactant may be selected from those classes and
examples of isocyanate functional reactants as recited

previously herein. Examples of nonfugitive capping groups of



pol yur et hane may optionally conprise a capped isocyanate reactant having
at |l east two capped i socyanate groups. By 15 "capped i socyanate reactant”

i s nmeant veonpmsn®er or prepol yner having term nal and/ or pendgsei2sespped

i socyanate groups which can be converted, under controlled conditions, to
decapped, i.e., free, isocyanate groups and separate or free capping
groups. The capping groups of the capped isocyanate reactant 20 may be
fugitive or nonfugitive. By " nonfugi ti ¥@ Tapping groups" is meant a
cappi ng groug whi ch upon decappi ng or debl ocking fromthe isocyanate
group, renafFhe @aEPschAsrarasatayrentharthanicdiudengbtthrase aprehbiides)

crosslink nepwork., £19s, otde for g}pﬂ?ag&r £edi pa?%oq@al cgo&ﬂétﬁglnet\é\ork

of the 25 particul ate pol yner. ugi'ti've cappi ng
cappi ng gr olfd;pywazch eupdH- uebappmmgzekede%ﬂOCRLagbénzmumuheolesdewanate

group, mgr ates, chg_% O%l a#'ysf tchxi %hze f%rm n SlaghdeeH :}rrensi onal

crosslink nétwor K, Hi'de 035Nk net wor k
of the partucml%Harqaﬂqaeer1aéﬂhm5heenglykume@mamattmﬁenﬁﬁlate of the capped

i socyanate rea may be sel ected f t hose c] asses and , exa s of
i socyanate PURR f%%ﬁﬂ e FeE ME s 1T ?{n + BPEDROLSYY RefBiTPPY X | es of

nonf ugi ti Vem6:a§mj1ﬁ@1egraﬁdpﬁ 10f Ry 0gh 22301 REeT/ UsRdn 28948 rudixivkhe capped
i socyanate reactant include, but are not limted to: 1H azoles, e.g.

1H i ni dazol E3PRIRS\FLRHBFeOT L5 GPRBERyISOCYANSY P abeR FantHincude t Pikzol e,

1H-1, 2, 3- benzotdd@zak@redHto 1.Acbnbil 22018, bbpah®t, hxi'soﬂ,rgpétlélr' azol e and
1H-3-amino 5 1,2,4-triazole; lactams, e.q., é-caprolactam and 2-

pyroI|dﬁﬁonEUt%Hﬁi:oﬂﬁébﬁtﬁ$ﬂﬂqu¢ﬁﬁg bw&aqﬂiDBMﬁehe%anpﬁ,neékwt@ne thpphollne
and N-hydro thal i Se i i of the
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capped |socyanate reactant l'Tmte céhols
e.g., propaaod, ,|anhmmepanglycqm3mbubhmmyl dtdelbutadcthytlent- gﬂgqnaol and
hexan0|; al%XASEI fy e%%er, and propylene glycol monoalkyl ethers, e.g.,

propylene glycol monomethyl ether; and ketoximes, e.g., methyl
15 ethyl ketoxime.

Capped isocyanate reactants may be included in the
first component of the two component composition from which
the particulate crosslinked polyurethane is prepared, to
improve the dimensional stability of polishing pads prepared

20 from such particulate crosslinked polyurethane. While not
intending to be bound by any theory, it is believed that
during polishing pad formation, the inclusion of capped
isocyanate reactant in the isocyanate functional first
component of the two component composition from which the

25 particulate crosslinked polyurethane is prepared, allows for
the formation of covalent bonds: (a) between at least some of
the particulate crosslinked polyurethane particles; and/or (b)
between the particulate crosslinked polyurethane and the
crosslinked organic polymer binder. If used, the capped

30 isocyanate reactant is typically present in an amount such
that the first component (of the two component composition
used to prepare the particulate crosslinked polyurethane)

contains capped isocyanate groups in an amount of less than 50



nonoal kyl ethers, such as ethyl ene glycol nonoal kyl ethers, e.g., ethylene
gl ycol nonobutyl ether and ethylene glycol nonohexyl ether, and propyl ene
gl ycol nwoat/kph et hers, e.g., propylene glycol nononet hpCT/@sieas948and

ket oxi mes, e.g., methyl 15 ethyl ketoxine. Capped isocyanate reactants may
be included in the first conponent of the two conponent conposition from
which the particul ate crosslinked pol yurethane is prepared, to inprove
the di mensional stability of polishing p&ds prepared 20 from such
particul ate crosslinked pol yurethane. Wile not intending to be bound by
any theory, MPge Ee’E)‘é‘-FI}tengSF%actn téer FAER pOrYshI agupelengenati bree t he

i ncl usi on of; sapped - i8RCYKaPALE irs%%«}sﬁaﬁei&&u@%ﬁg%a%ﬁ Eupgtd onal first

conponent of the two conponent conposition from 25 particul ate
cr ossl i nked ekt et h e mode rapranéd, bat¢dven ftbe totwl fiodamt i on of coval ent

bonds: (a) I 0; e riicul.ate crosslinked
poIyurethan§%%£§%P%?%§f%:n%?%Fﬂ%ﬁ§%ngé€W%§%C%ﬁgega%??éﬁﬂgéﬁg @#%%Rﬁi nked
pol yur et Bane and t he dahesstiikedydrggan cEypaityeral bir¢wterant| 6 used, t he

capped 30 isocyanate reactant, i icall resent in an _anount such that
the first 05%8% Nt ST e?{% O%o% nﬁ‘ﬁ?'%od'ﬁlﬁélgf”fi%?ﬁ“poﬁégao’?ouﬁﬁd:f}é’re t he
particul at e peepast | tHe hapel yulLidhareys1 COERIPS yGaPPethd,SQaY adat8-edr oups in

an anount of |ess than 50 WO 02/ 22309 PCT/US01/28948 - 16 nole percent,
based on t hEYEEPAFT fH P Sefil SRS £EOB RYF eyl sBE{BaEM &W4RE' capped

i socyanat e geedR8ary® dhinel EAMN KuRhet i H€E Calreb® . 40pdMB)A sPELGENhidpased on
the total nolar equivalents of free i socyanate and capped i socyanate

groups. 1 ThEeagetie Rydrogen Funssiprpahl readenanrapfbe iveleseednd conponent
(11) of 11 :huo80Menent: ROIROSI BRaSALk I pBISRAL Glhgopart|cul ate
crosslinked pol yurethane, has active ydrogen-groups selected from
hydr oxyl , pPreuigusiy ferein.
Polyamine reactants that may be used to prepare the
particulate crosslinked polyurethane may be selected from any

15 of the family of ethyleneamines, e.g., ethylenediamine (EDA),
diethylenetriamine (DETA), triethylenetetramine (TETA),
tetraethylenepentamine (TEPA), pentaethylenehexamine (PEHA),
piperazine, i.e., diethylenediamine (DEDA), and 2-amino-1-
ethylpiperazine. The polyamine reactant may also be selected

20 from one or more isomers of C,-C;, dialkyl toluenediamine, such
as, 3,S—dimethyl-z,4—toluenediamine, 3,5-dimethyl-2, 6-
toluenediamine, 3,5-diethyl-2,4-toluenediamine, 3,5-diethyl-
2,6-toluenediamine, 3,5-diisopropyl-2,4-toluenediamine, 3,5-
diisopropyl-2,6-toluenediamine and mixtures thereof.

25 Additional examples of polyamines from which the polyamine
reactant may be selected include, but are not limited to
methylene dianiline and trimethyleneglycol di(para-
aminobenzoate) .

A further class of polyamines that may be used to

30 prepare the particulate corsslinked polyurethane include those
based on 4,4’-methylene-bis(dialkylaniline), which may be

represented by the following general formula I,



secondary am ne and conbi nations thereof. Polyols fromwhich 10 the active
hydr ogen functional reactant may be selected include those classes and
exanpl es vob op2d3ydl s recited previously herein. Pol yam nePeraseizasp4s t hat
may be used to prepare the particulate crosslinked pol yurethane may be
selected fromany 15 of the famly of ethyl eneam nes, e.g.,

et hyl enedi am ne (EDA), diethylenetriamne (DETA), triethylenetetram ne
(TETA), tetraethyl enepentam ne (TEPA),- pént aet hyl enehexam ne (PEHA),

pi perazine, i.e., diethylenedi am ne (DEDA), and 2-am no-1- ethyl pi perazine.
The pol yam ne reactant may al so be selected 20 fromone or nore isoners of
C -C3 dial kyl tol uenedi am ne, such as, 3,5-dinethyl-2,4-toluenedi am ne,

3, 5-di net hyl -2, 6- tol uenedi am ne, p-di et hyR2, 4-t ol uenedi ami ne,

3, 5-di et hyl - 2,6-to|uenediaﬁ%g§ b-di i soprgpyl -2, 4-tol uenedi am ne, 3, 5-
di i sopropyl -2, 6-toluenedia ) ' 85k, 25 Additiona
exanpl es of pol yam nes from whic reactant nmay be sel ected

i nclude, but are not limted to | ine and tri met hyl enegl ycol
di (para- ami nobenzoate). A furiher j nes that may be used to
30 prepare the particul ate corsslinked pol yuret hane include those based on
4, 4" - met hyl ene- bi s(di al kyl ani |l i ne), hi ch may °be represented by the

following g for I / 1 US01/ 289 - 17 . R3
H2N NH2 R4 ggl@%g‘ & %%éi%r%agﬁdgﬁé’%{%gg %‘n épaélﬁ‘géht %?d cf%—" E:gg al kyl ,
and R5 is selectast froonhpgdroege andnidahadedger. ge, gehlochherame and

5 bromine. Examples of polyamines based on 4,4’ -methylene-

3,

bis(dialkylaniline) include, but are not limited to, 4,4'-
methylene-bis (2, 6-dimethylaniline), 4,4’'-methylene-bisg(2,6-
diethylaniline), 4,4’-methylene-bis(2-ethyl-6-methylaniline),
4,4’ -methylene-bis(2,6-diisopropylaniline), 4,4’-methylene-

10 bis(2-isopropyl-6-methylaniline) and 4,4’ -methylene-bis (2,6-
diethyl-3-chloroaniline) .

The two-component composition used to prepare the
particulate crosslinked polyurethane may optionally further
comprise a catalyst. Catalysts that may be used to prepare

15 the particulate crosslinked polyurethane include, for example,
tertiary amines, e.g., triethylamine, triisopropylamine and
N,N-dimethylbenzylamine, and organometallic compounds, e.g.,
dibutyltin dilaurate, dibutyltin diacetate and stannous
octoate. Additional examples of tertiary amines are listed in

20 United States Patent No. 5,693,738 at column 10 lines 6
through 38, the disclosure of which is incorporated herein by
reference. Additional examples of organometallic comﬁounds
useful as catalysts are listed in United States Patent No.
5,631,339 at column 4, lines 26 through 46, the disclosure of

25 which is incorporated herein by reference. If used, catalysts
are typically incorporated into the active hydrogen functional
second component prior to the combination of the first and

second components of the two-component composition. Catalyst



5 brom ne. Exanples of pol yam nes based on 4, 4'-nethyl ene-

bi s(di al kyl aniline) include, but are not limted to, 4,4 - nethyl ene-bis(2,
6- di met hywan/izo®e), 4, 4' - net hyl ene-bi s(2, 6- di et hyl ani | i nBgT/US01/28948

4, 4' - et hyl ene- bi s(2-et hyl - 6-net hyl ani | i ne),

4, 4" -met hyl ene-bi s(2, 6-dii sopropylaniline), 4,4 -methylene LO

bi s(2-isopropyl -6-nethylaniline) and 4, 4' - met hyl ene-bi s(2, 6-

di et hyl -3-chl oroaniline). The two-conponenf conposition used to prepare the
particul ate c&g;slinked poliurethane may _optionally further conprise a

catal yst. CACAFySt3r% HAPIAAY I hel SFsedPeB PrRsfhecst 18 Wi P t PEGT LY

crosslinked 1eelkyungt i‘sar&rbaﬁt%e,wé‘ig*hteémcﬁ»e Lerd iy alkBeshaf 19-
triethylamne, trii sopro.p}/ll anm ne an N, N- di et ﬁyl benzyl'am ne, and
or ganonet al [ASECEBRPMNEIINE: goaseqyiButheticradi Waught f dhsucgteinedi acet at e

and st annous;eetogt & sLAddit & nanpl es of tertiary amnes are listed in
20 United States Patent No. 5,693,738 at colum 10 lines 6 through 38, the
di scl osur®e of which i Fhenwotporeauddahenes radnio pEf bsmnyesatAdgidimenal

exanpl es of Qrg |1 seful as catalysts are |listed in
United Statés dngg%{ale\ib.cagg%gggg 'sﬂg%: gc TURY io ‘lztnleos/e %’é’df RPSlgh 46, the
di scl osur e a@froRbswhi othe sehncarponakddtbesigarkythef@reriealaté used,

catalysts are typically.incorporated into the _active hydrogen functional
second corrpézr]feoﬁt#%rﬂfegér pt%éy’tlﬁ%tl‘g FaFYBHCOr Y figoRi ¥ st afd® ERcbmd :
conponent s af. ot he. 4 wo-faeaponent cepesits on.1.Cabal ysdm \00802/ 2280

PCT/ US01/ 28948 - 18 levels are typically less than 5 percent by weight,
preferati'ﬂ/ 4-8ss trhn 3 percent by weight and nore preferably |less than 1

percent by weight, bagsed garihe1ekabr¥ei Gl pthgnsomki pgd first and
second conmponents. 5 The nol ar equivalents ratio of i1socyanate groups and

optional cappédshirg pidatey ripPe sedeeiad frptr paeicugesaps of the
reactants U%@@s%@iﬂ@@%@y&ﬂ&i@é.' Clﬂ/ﬁ.‘n@ally, the particulate

crosslinked polyepoxide is the reaction product of a two-

15 component composition comprising, (i’) an epoxide functional
first component comprising an epoxide functional reactant
having at least two epoxide groups; and (ii’) an active
hydrogen functional second component comprising an active
hydrogen functional reactant having at least two active

20 hydrogen groups that are reactive with the epoxide groups of
the epoxide component.

The first and second components of the two-
component composition used to prepare the particulate
crosslinked polyepoxide may be mixed together and polymerized

25 or cured to form bulk crosslinked polyepoxide, which is then
ground, e.g., cryogenically ground, and optionally classified.
Alternatively, the particulate crosslinked polyepoxide may be
formed directly by mixing the first and second components
together, pouring the mixture slowly into heated deionized

30 water under agitation, isolating the formed particulate
material, e.g., by filtration, drying the isolated particulate
material, and optionally classifying the dried particulate

crosslinked polyepoxide.



crosslinked pol yurethane is typically from0.5: 1.0to 1.5 1.0, e.g.,

fromO0.7

parti cul av@owesssl i nked pol yner of the
fromparticulate crosslinked pol yepoxides. Typically, the particul ate

1.0to 1.3 : 1.0 or from0.8 : 1.0to 10 1.2 : 1.0. The

crosslinked pol yepoxide is the reaction product of a two 15 conponent
conposition conprising, (i') an epoxide functional first conponent

conpri sing an epoxide functional reactarit® -having at | east two epoxide

gr oups;

conprising an active Tpdepgeidd uheictdoadl negctant d@wheg fakst east two

active 20 hy n_graups that are reactive wth the. epoxide _groups of
epoxi de Conp%rq'{lgﬁﬁen%h& . Oz’f Qhe WO - COmy oner?t Comﬁ){DSlt O ﬁles %ng

and (ii") an active hydrogen functional second conponent

e fi1rst and second conponents o

conponent

pol i shi ng pad nayral/@soimsdssel ect ed

t he

conposi ti on prepdré otlpr gpatectbhetparroselliaked pgspbiided gl yepoxi de nmay be
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drying the |so%ated particulate material, and optionally
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cyclohexane and 2, 3- (epoxypropyl)cyclohexane; aromatic
polyepoxides, e.g., bis(4-hydroxyphenyl)methane diglycidyl
ether; 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, e.qg.,
epichlorohydrin. Polyols that may be used to prepare 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, e.g.,
4,4’ -isopropylidenediphenol diglycidyl ether.

Epoxide functional prepolymers that may be used to
prepare the particulate crosslinked polyepoxide are typically
prepared from the reaction of a polymeric polyol and
epichlorohydrin. Classes of polymeric polyols that may be
used to prepare the epoxide functional prepolymer include, but
are not limited to: polyalkylene glycols, e.g., polyethylene
glycol and polytetrahydrofuran; polyester polyols; '
polyurethane polyols; poly((meth)acrylate) polyols; and
mixtures thereof. The recited classes of polymeric polyols

may be prepared according to methods that are well known to

TNOMRL S, SRYXLAE. {uneliianal o5, B eRoLYIELS, and, conbinati ons

FXARR Y hSdt@42EEF oni zed 30
ati N 1Na kLB MALhLCUl & gmterial . e.g., by



nononers that may be used include, for exanple: aliphatic polyepoxides,
e.g., 1,2,3,4-diepoxybutane, 1,2,7,8 diepoxyoctane; cycloaliphatic

pol yepoxivi@s22109y., 1,2,4,5- diepoxycyclohane, 1, 2,5, 6-di poDXgayasb4s0ct ane,
7-oxa 10 bicycl o[ 4. 1. 0] hept ane- 3-car boxylic acid 7-oxa- bicyclo[4. 1.

0] hept - 3-yl met hyl ester, 1, 2-epoxy-4-oxiranyl- cyclohexane and

2, 3- (epoxypropyl)cycl ohexane; aromatic ol yepoxi des, e.g.,

bi s(4- hydr oxyphenyl ) net hane di gl yci dyl” 28ther; and mi xtures thereof.
Epoxi de functional nononers that 15 may be used in the present invention
are typi cal FSpFleidridd aTEi 87 t hd™y 8RcETRAMIGERE bl SRR PA8ESRR epi hal ohydri n,

e.g., epi chhostwull,i RnePobyRlde thake 1BY- 108 M8t hd- RILRAr Ep&RPXI de
functional nononers include those recited previously herein Wwth regard to
t he prepar afPBAtBMalh@OLE b EyeiHntaervipte) aedlymen prepiegnBromA pref erred

class of epqykdg) Jdmatian i el ud r . fyomthe
reaction ofqa g?éphen%#? @%% as %§4§@$§£%}gB%F?%%ﬁQd?%ﬁ%ﬁ%]?rand

epi chl or Ghygriymerizgble doddmesopropyl i demddyphénath)dicglyieteyl et her.
Epoxi de functional pr | rs that nmay .he used to 2 repare th

parti cul at e%%?%é% ifg]l{%gggo%e%roeﬁog Slrf‘é{é ‘%ﬂ)—’l bay I 5° lbsregipgf) egr?pra&r% t% Rg
reacti on of parpiduirer crpstyioikeangolepoatilder ahydidve Clvassesamfe @l yneric
pol yol s t hat be used to prepare the epoxide functional prepal ymer

i ncl ude, buf“ogg%l‘élaﬁotwell? t e $-o; TPBPTRIREFEAE BPIRTHET 8?@91',?tsp(ﬂfyet hyl ene
30 glycol amgdopodont el aby oo 0f WraFEropobyeHdLhopo! Yot sdet Rk ¥éd alhaRre

pol yol s; poly((meth)acrylate) polyols; and_ m xtures thereof. The recited
cl asses '0f BEFYPRIIE FBFGBRSCITRYHACRrepried Beboiameget 6tMAarods that are
vel | known to WO 02/ 22309, AGHIS0E 2894 &Funct 28nat N kbhl eds aidd san. In an

enbodi ment of the present invention, the epoxide functional prepolyner is
an epoxy f GREPIGFAIMPEBERE (it 'N) &r Phat @io-womparentpragperedt feromsed

to prepare the particulate crosslinked polyepoxide may have
active hydrogen groups selected from hydroxyl, carboxylic

15 acid, primary amine, secondary amine and combinations thereof.
Polyols that may be used to prepare the particulate
crosslipked polyepoxide include, but are not limited to, those
classes and examples of polyols recited previously herein.
Examples of polyamines that may be used to prepare the

20 particulate crosslinked polyepoxide include, but are not
limited to, those classes and examples of polyamines recited
previously herein.

A further class of polyémines that may be used to

prepare the particulate crosslinked polyepoxide include, for

25 example, polyamide prepolymers having at least two amine
groups selected from primary amines, secondary amines and
combinations thereof. Polyamide prepolymers having at least
two amine groups are typically prepared from the reaction of a
polyamine, e.g., dietheylenetriamine, and a polycarboxylic

30 acid, e.g., a difunctional carboxylic acid, as is known to the
skilled artisan. Commercially available polyamide prepolymers

from which the polyamine may be selected include VERSAMID



(meth)acryl ate nononers and epoxi de functional radically 5 polynerizable
nononers, e.g., glycidyl (nmeth)acryl ate. Epoxide functional prepolyners
that may vweoussd t o prepare the particul ate crosslinked porysp®@spsse nay
have a wi de range of nolecular weight, e.g., nunber average nol ecul ar

wei ghts of from 500 to 15,000, or from500 to 5000, as determ ned by gel
10 perneation chronmat ography (GPC) using pol ystyrene standards. The active
hydrogen functional reactant of the seé&dnd conponent (ii') of the

t wo- conponent conposition used to prepare the particulate crosslinked

pol yepoxi de pm,yamia@e rexgitrisve ahy it dgen fgroupsorsiel €orpdrdtriom,hgdabind &

carboxylic ]ﬁsnks grl mary am ne, secondary am ne and conbi nations

t hereof. Pol'yol lehaJt nmay be used to prepare the particulate crosslinked
pol yepoxi de i ncl ude, taﬁltabeenpcblydarfbbgplli@ adild@s €rom | vasisss thadaexdarpl es of

pol yols recited previously here Ies of pol yam nes t hat be used
to prepare tHET98°Pars? n&télt’:r)osf‘é"ﬂy Hﬁe &?Fé‘é ‘?’nc‘qq}"dgxa‘ﬁg'are not

limted to, dduesenehasseaand exanplescod, mi:spara aesaf ecid-edxapé@rdious! y
herein. A further class of polyamnes that may be used to _prepare_ the

parti cul at e aFi@ssFRAKERL DAY EporitRd ficnaFide, SHEC1 c23cBkaffilel < paFihmi de

prepol ymers hayingaala! 6asich e 4Md1e g9bRUPS: %%' 1QCT £gh £ TQUPRET BBIYepM NES,
secondary am nes and combi nations thereof. Polyani de prepol ymers having at

least two divomergroting ame acypi alivdyigeeptited Prdwrl heaneadkreredf a
pol yam ne, &,g. eBQ' et hayd %%%L&as I’Sb‘ﬁ(l Omgb(?}(&ﬂthy%%EE?Wﬂl pdyagtd. e.g., a

di functional “carboxylic aci artisan.

Commer ci ad | waa'daakabd:@rlqm{yslam deidrepobynents inifngo poiymets tslmehp@$ yam' ne may
be sel ected Jinclude VERSAM D V\g6 21:/22309 CT/.US01/ 8948. - 1 g e}/am de
resins, availas écf}?%n‘fr%?orfm £° ?T)oerrgt’l %Iﬁ Q?olérﬂrﬁﬁ 2T i Drutsy

such as ester group-containing oligomers; as well as fatty
diacids.

Carboxylic acid functional acrylic reactants may be

15 made by copolymerizing methacrylic acid and/or acrylic acid
monomers with other ethylenically unsaturated copolymerizable
monomers, using techniques known to those skilled in the art.
Alternatively, carboxylic acid functional acrylics may be
prepared by reacting hydroxy-functional acrylic polymers with

20 cyclic anhydrides, using conventional art-recognized
techniques.

Additional polycarboxylic acid reactants include
ester group-containing oligomers. Examples of ester group-
containing oligomers include half-esters formed by reacting

25 polyols and 1,2-acid cyclic anhydrides, such as the half ester
formed by reacting pentaerythritol and methylhexahydrophthalic
anhydride, or acid functional polyesters derived from polyols
and polyacids or anhydrides.

The two-component composition used to prepare the

30 particulate crosslinked polyepoxide may optionally comprise an
epoxide ring opening catalyst. The catalyst may include those
that are known to the skilled artisan, e.g., tertiary amines,

such as tri-tertiarybutyl amine, and tetrafluoroboric acid.



Sui t abl e pol ycarboxylic acids fromwhich the active hydrogen reactant

(i1") may be selected include, for exanple, 5 dodecanedioic acid, azelaic
aci d, adiwbdez2asbpd, 1, 6- hexanedi oic acid, succinic acid, pPOBUSE/2e4sd,
sebacic acid, maleic acid, <citric acid, itaconic acid, aconitic acid,

hal f-esters formed fromreacting an acid anhydride with a polyol, and

m xtures thereof. Al so anong the pol ycarboxylic acids which may be 10 used
are carboxylic acid group-containing polgners such as acrylic polyners,

pol yesters, and pol yurethanes; and oligoners such as ester
group-contaﬂﬁ'ngedli@hﬁnaaialastviﬁItyaﬁcatayqaddﬂdacbdshe(ammboxylic acid
functi onal d¥l reactants. %% % % co ohknerlzkﬁg Qgcryllc
aci d and/ or "ACTyPTE ACTd * ABnoners Hﬁﬂ heﬁ’éfﬁy Bl ey “ihsat'tiat ed
copol yrer i zalalde se ond B ongit Ak dethBirqUeBhK Rpor i He thﬁﬁ@p&hihéed in the
art. Alternativyel rboxyl i c acid functlonal acrylics may be repared
by reacting GI‘?;?&X f’uﬁd‘tsleﬁlmaiLs FORHPLLB PYFREE Wit #?(F"Q/GPT“EO dri des,

usi ng COVBVerd:HnQBBitx%ﬂ - GegRheet Jrechsl ques, gék&émrﬂy pekygar boxylic
acid reactants |nclude ester group-containing o oners. Exanpl es of ester

group- cont &-fi-ngl®FF goife s PRRERII@Thal Pe‘é%QfEtr $vf H?hﬁfb&’aﬁééc‘?m g5
pol yol s and c2: 3Gl bty I €paniyelidigsn stichusetieohal f ester formed by

reacting pentaerythritol and nethyl hexa ydro thalic anhydride, or acid
functi onal polyestersf@éwnvédrf¢qnnwpéby©¢smﬁandopoégqmmﬁsgwpummhydrides.

I e T rkoaRoRe0s SOMBAR LOBuE S APEERA G Gecd L OILLLEHL ALt

crossl i nked pol yepoXi I onal conprlse an rirng opening
cat al yst10 Tmarcatalq/tsé crm:,ssﬂmnlkeuﬂ@dllyepexldéaﬁs ayplkaf[blwn firomt bies ski | | ed

artisan, ry M nes S trl-tertlar butyl am pe, and
tetrafl uor o%dlbl 16 D or 25308 P Ukt 28058 113 g9 2.0 S Bem
1 0 to 1. 2 : 1.0.

The two-component compositions from which the

particulate crosslinked polyurethane and particulate

15 crosslinked polyepoxide are each prepared may independently
and optionally further comprise conventional additives. Such
additives may include heat stabilizers, antioxidants, mold
release agents, static dyes, pigments, flexibilizing
additives, e.g., alkoxylated phenol bénzoates and

20 poly(alkylene glycol) dibenzoates, and surfactants, e.g.,
ethylene oxide / propylene oxide block copolymeric
surfactants. If used, such additives are typically present in
the two-component compositions in amounts totaling less than
10 percent by weight, preferably less than 5 percent by

25 weight, and more preferably less than 3 percent by weight,
based on the total weight of the combined first and second
components. While such conventional additives may be added to
either of the first or second components of the composition,
they are typically incorporated into the active hydrogen

30 functional second component to minimize the potential of
adverse interactions with the isocyanate groups or epoxide

groups of the respective first component.



| f used, the catalyst is typically added to the active hydrogen functi onal
conponent (ii') prior to mxing the first and second conponents together.
The epoxivde02/223¢9 openi ng catalyst,-if used, is typicall yPOresarmssisn t he

t wo- conponent 5 conposition in an anmount of |ess than 5 percent by weight,
e.g., less the 3 percent or 1 percent by weight, based on the total weight
of the two-conponent conposition. The nolar equivalents ratio of epoxide
groups to active hydrogen groups of thé3réactants used to prepare the 10
particul ate crosslinked polyepoxide is typically from0.5: 1.0 to 1.5 :
1.0, e.g., fromo0.7 : Whigetbhq particupaty BYlymero(® may petBrassnt ip 0. The

t wo- conponeRrheCRPAS LR al sPMicRLhe 1 RAkkLeH! AL & GRAsSLA s

pol yurethane and particulate 15 crosslinked pol yepoxi de are each prepared
may i ndepen@8RuRyS. akd igptiyphedlly bueetet dompmaier comuartt i oRal igddiat i ves.
Such additiyxgs [ gl ud tabj Lizer t L pXl ld rel ease
agents, sta :ég dgg%%élglﬁgﬁeﬁ?g?a%q%x%b{“ #éxlenagmuagd{)?ixl\g/%?}tcg?ag? al koxyl at ed
phenol bénzoatesiahd(2@ .pollgéaldhpnene geéycsit) byi behgloat éssednoh sulref act ant s,

. 9., t hyl ide ./ | .0xi de bl ack [ factants. If
ieed. such ot Geen o ORY B el B RR) 1 Wponent

conposi t i ongrbBsaimksy A ghat i vihdees bl hanypiQGapey Ciedte by wBighirably
preferably Less than 5 percent by 25 weight, and nore preferably |ess than

3 percent by WePHHTSEt FBLLEIVEH e St 8t al T RI YR oPOTh e LYMBi Ped S5 st and

second CONRAAENS SpeMhidte b UGHL RNVEREEQTH @ddibiy s dTRebSs agided to
either of the first or second conponents of the conposition, they are

typi cal I i Ré8r pof @fERFHRESNTHE 4&Fi FECRSHTHGEnPSbyremdtingaal (Bedend
conponent teygwmyzepxte@%ngoxﬁrﬂﬂeabOQ_fi?hﬁ%a/%%eihng Gl ARSud t R d he

i socyanate groups or ‘epoxide groups of the respective first conponent. WO
02/ 22309 PCVAUSOhe 2Biggsissed in further detail herein.

The particulate polymer (a) is typically present in
the polishing pad of the present invention in an amount of at
15 least 51 percent by weight, preferably at least 65 percent by
weight, and more preferably at least 75 percent by weight,
based on the total weight of the particuiate polymer (a) and
the crosslinked polymer binder (b). Also in the present
invention, the particulate polymer is typically present in the
20 polishing pad in an amount of less than 95 percent by weight,
preferably less than 90 percent by weight, and more preferably
less than 85 percent by weight, based on the total weight of
the particulate polymer (a) and the crosslinked polymer binder
(b) . Particulate polymer may be present in the polishing pad
25 of the present invention in an amount ranging between any
combination of these upper and lower amounts, inclusive of the
recited values.
The polishing pad of the present invention also
comprises a crosslinked organic polymer binder (b), which
30 binds the particulate polymer’together. The crosslinked
polymer binder may be selected from crosslinked polyurethane
binders, crosslinked polyepoxide binders and mixtures thereof.

Crosslinked polyurethane binders are typically prepared from



- 23 \Wile the particulate polyner (a) nmay be present in the polishing
pad of the present invention in a wide range of anounts, it is typically
present iwOaxmapor anount. Polishing pads containing | esBCT/I&61/28948a) Or
amount of particulate 5 material (e.g., less than 51 percent by weight,
based on the total weight of the particulate polyner (a) and the
crosslinked polyner binder (b)), typically have an undesirably | ow percent
pore volune, e.g., a percent pore volune4of |ess than 2 percent by vol une,
based on the total volune of the 10 pad. Correspondingly, the crosslinked
pol ynmer bi ndeo-¢dmpdnentt gomeedilcy ops esembriiginghe (poldmshisngyasatd n a m nor
anmount, as fV\,iII.be discusse% in further detail hereig. TQqﬁgirticulate

pol yner (a) TPRCH B arPIPPrEYe fPPR 5112 PorFeRY Y Fad BF Tt aJpresent
invention i peastaunlrial at 1eb5tl eastideypereendrdipnebglt optitahengbl y at
| east 65 percent by weight, and nore preferably at |east 75 percent by

wei ght, baBeTPRRFY HECCERRRENEEGREDE RRENFarti teAslt &¥Bof§RRGY (a) and the

crossl i nked; pebysmcDigRagss (ina AisP M 48R BF@Hgen! RURBEI K1 the
particulate polyner is typically present in the 20 polishing pad in an
amount of | 888°RhAPTPONPRE cCRIMPIBY NI Ifhtactiyeehydrgrep Fusstidnml 90 percent

by wei ght, agd.fmie pLeher ablaghesso tian L5 Sl i hased on
’ ; (o] hb&E& Yu a
the total weight of thegpartl cul ate pol ymer ?a? andthheis\%rossﬁ i nked
pol ynmer bi ndeactiyy) wiRhr the ulsstcyapaty nroupsy obetlpr eSient Fompdreerpol i shi ng
pad 25 of the present . nvention in_an amunt r@ﬂ'aqci[n bgt ween, any
conbi nati on of these u‘ﬁ)’%ero r?c?eflom%rm%orfsolunf)g? I'c uvageolfIs?O}'ue recited
val ues. 1Theppeparshithg padsafirkied poegerdthaneehihdsr alagObe COMHticses a
crosslinked orgar]gc %Ol grrer bi nder éb , Wwhich 30 binds the particulate
pol yner t og8tRer  eth& EPoEtHTRER bYl S BRAETRAF e CSBPRELEE Fr om
crosslinkeduped yti @irfpaee thdgRisicGIass|dridkedipedy gpRoyhderiifders and
m xtures thereof. ) )
discussed previously herein. Examples of isocyanate
functional reactants, e.g., isocyanate functional monomers and
15 prepolymers, capped isocyanate reactants, and active hydrogen
functional reactants, e.g., polyols and polyamines, that wmay
be used to prepare the crosslinked polyurethane binder may be
gelected from those classes and examples of isocyanate
functional reactants, capped isocyanate reactants, and
20 hydrogen functional reactants as described previously herein,
respectively.
The capped isocyanate reactant may be included in
the isocyanate functional first component of the two component
composition (from which the crosslinked polyurethane binder is
25 prepared) to delay the onset of gelation when the first and
second components are combined. Delaying the onset of
gelation allows more time to better mix together the
particulate polymer and two component composition from which
the crosslinked polyurethane binder is formed. If used, the
30 capped isocyanate reactant is typically present in an amount
such that the first component (of the two component

composition used to prepare the crosslinked polyurethane

binder) contains capped isocyanate groups in an amount of less



Crossl i nked pol yuret hane binders are typically prepared from W) 02/22309
PCT/ US01/ 28948 24 two-conponent conpositions conprising: (i) an

i socyanatveO 0f/223¢4 i onal conponent conpri sing an i socyanat eP€TS1/23048]
reactant having at |east two isocyanate groups, and optionally a capped

i socyanate reactant having at |east two capped 5 i socyanate groups; and
(i1) an active hydrogen functional second conponent conprising an active
hydrogen functional reactant having at 2Peast two active hydrogen.groups
that are reactive with the isocyanate groups of the first conponent.

Two- conponeriagohportls pascenat hawpdoen usksl togal 1Gore pamé vehentty ofsl i nked

pol yur et Nane BN deic IRk Beal T iielq dESCIIRGL WLl T el erence Lo 4 hose

;
t wo- conponent conpositions used'to pre et i culFate crosslinked
pol yur et hanewds peifsossedsprendicopsiryeher dasedExanmphescakli serymanat e
functional r t e..g i socyanate functional pononers and 15

pr epol yners,e‘agg%%g%fiissggy Rt e é:é’(?flgﬁ?s"’}n r?(‘}p%flijv%oqﬁ’faﬁa%aeﬁro Ritict i onal
reactants, e.g., polyahs euns qaaippashteSomddidl iBRYusdie tuSpdepOrrdpar e t he
crosslinked pol yuret hane_bi nder nmay be selected fromthose classes and
exanmpl es of C?SB%?%%PP&W?%@ %éﬁé‘?’éd‘iaéf, ophppRY 1 d&rshetf e reactants,

and 20 hydr egeprised iceRalyseactanbsyass dast nhedPrEOUs! Y8081 N,
respectively, The capped isocyanate reactant n%g; be included in the

i socyanat e FBRCETOHHIINKPAsPObBHSSHERL bindare ippbuddiiewens ardnposition
(Trom whi ch bBfp£E OS] LBKELPQIELBLBRRE UNUEL; L5 AyRiaeRar gl to delay
t he onset of geFatl on when the first and secon:cLi conponents are conbi ned.
Del ayi nd-% h@renaedtishm ofethe i anessiliohed meant icbhete @dettrechanx, tsogdt her t he
part1 cul at e 0oL ypiesa. 30, 40, CaRenept; ARSI LEONLE QM aiLgh. . e
crosslinked polyurethane binder ~i's forned. 9 used,” the?36 cappe(f
i socyanat e reaptamnis. $.typi ddldtylpieséhtainatan anmburded, catalysts are
typically incorporated into the active hydrogen functional
second component prior to the combination of the first and
15 second components of the two-component composition. Catalyst
levels are typically less than 5 percent by weight, preferably
less than 3 percent by weight and more preferably less than 1
percent by weight, based on the total weight of the combined
first and second components. The molar equivalents ratio of
20 isocyanate groups and optional capped isocyanate groups to
active hydrogen groups of the reactants used to prepare the
crosslinked polyurethane binder is typically from 0.5 : 1.0 to
1.5 : 1.0, e.g., from 0.7 : 1.0 to 1.3 : 1.0 or from 0.8 : 1.0
to 1.2 : 1.0.
25 - In an embodiment of the present invention, the
crosslinked polyurethane binder is the reaction production of
an isocyanate functional reactant having at least two
isocyanate groups, and water. The isocyanate functional
reactant having at least two isocyanate groups may be selected
30 from those classes and examples of isocyanate functional
reactants recited previously herein. Preferably, when reacted

with water, the isocyanate functional reactant is an

isocyanate functional polyurethane prepolymer having at least



such that the first conmponent (of the two conmponent conposition used to
prepare the crosslinked pol yurethane binder) contains capped isocyanate
groups i wan2z/2sount of | ess WO 02/ 22309 PCT/ US01/ 28948 -peBUSeismsS50 nol e
percent, based on the total nolar equivalents of free isocyanate and
capped i socyanate groups, e.g., from5 nole percent to 40 nol e percent,
based on the total nolar equivalents of free isocyanate and capped

i socyanate groups. 5 The two-conponent ¢onposition used to prepare the
crosslinked pal yuret hane bi nder may ogtional furt her congrise a

catal yst. Caral yEPERIHE REJUBR: usEqYanpreparstionet & hREF

pol yur et hanerebbigtie tdN ehudemsy ass asaafdd EXHTRLESr Ao R edeprevi ously
herein with regard to the 10 preparation of the crosslinked particulate
pol yur et han&XOSELH* S POAYEFariATrtiader elnpluder ooty | dafcdbednd

or ganonet al |jrevi6QPPHRESine. &.g. dihUt ¥btidhalle! 2ULAL fondif pBIEretadtRl ySt s
are typically incorporated into the active hydrogen funcﬁlonal second
conponent® pErEPOLYI¢hdhesnbs nehe dicastiendddust ahdtdBienecond conponents of

the two- conmpanent LRMROsShki 9% ﬁg&g] b \s are typically less than 5
percent by meight¥ preferab]Pyy essatgaﬁoéﬁ%g?éent by wei ght and nore
preferably | ess than Fhiperesigr mpyweeghixedddedcioly theht chal wei ght of the

conmbi ned fi.r QQQ ) . C anents. . The | ar, equi val.ents.ratio of 20
i socyanat e (j}rsgégs aned%g%fq?%)%a céaﬁﬁean]cs%ocyfg)ﬁ:gt éh%?%ﬂoﬁss%lg&e%cti ve hydrogen
groups of tpelyeactiantss buseedr | atprepdeeabhie comenssh i ddeatdpolvyti etHrane

bi nder is typically from0,5: 1.0to 1,5: 1.0, e.g., from0.7; 1.0 to
1.3 : 1.0 orlsf’%?ﬁl%t.% tungtyongy, rpagtany { the R of MeddFitHERt B2 t he
present i nveidkeopretdi@blor ossthdkrampek ymmaidiane biysieiaing,t bge reaction
production of an jsocyanate functional reactant having at |east two

i socyanat e §PEGPSHLahfuPRAYERY FROGYSBRyANBIETEgRRY | FRgtant and

optionally catalyst (selected from those catalysts as
described previously herein with regard to the polyurethane

15 prepolymer) are mixed together and poured into an open mold,
e.g., a mold having no top or 1id. The filled open mold is
then placed in an oven at ambient temperature (e.g., 25°C) or
elevated temperature (e.g., from 30°C to%90°C) for a period of
time (e.g., from 30 minutes to 24 hours) in the presence of

20 air having a percent relative humidity of, for example, from
10 to 95 percent relative humidity.

Crosslinked polyepoxide binders are typically
prepared from two-component compositions comprising: (i’) an
epoxide functional component comprising an epoxide functional

25 reactant having at least two epoxide groups; and (ii’) an
active hydrogen functional second component comprising an
active hydrogen functional reactant having at least two active
hydrogen groups that are reactive with the epoxide groups of
the first component. Two-component compositions that may be

30 used to prepare the crosslinked polyepoxide binder may be
described with reference to those two-component compositions
used to prepare the particulate crosslinked polyepoxide as

discussed previously herein. Examples of epoxide functional



reactant having at |east two isocyanate groups may be selected 30 from

t hose cl asses and exanpl es of isocyanate functional reactants recited
previ ousiwoheesin. Preferably, when reacted wth water, POPUSGIRSY4Nat e
functional reactant is an isocyanate functional polyurethane prepol yner
having at | east WD 02/22309 PCT/US01/28948 - 26 two isocyanate groups.

| socyanat e functional polyurethane prepolyners that may be reacted with
water to formthe crosslinked pol yuret#dné binder include those described
previously herein, e.g., an isocyanate functional polyurethane 5 prepolyner
that is theXe@88E¥ e Fr-SductPefidvifuprbionfl SWEPRARE nth@Prepolymers,

pol y(t et rahydtobuf AR nyAbbEn WALRS: 18RY1 bRedBsed sdiiL egt | xoow}yws} he

i socyanate functional reactfant to formthe crosslinked ~“polyurethane

bi nder, it pedvécauitaryddrescigslcemdapplydnineashethdt imacpenasedfumct i onal
reactant in r.m of I r.ef.erably.in_the form of
hum di ty. T)?%Jiggaa% yijjﬂet ﬁé‘%%ﬁﬁeg%@? e}f)%lng/(%er ,l%figgc[g%‘ynﬁee °F Eﬁ%ﬁ%nal
react ant fandroopthasmldlpseat ahydtexsplested dppatiie hbeectdahallyst s as

described previpusly herein with regard to the pol yurethane, 15 prepol ymer)
are m xed t558?%%?1:%nad%)glﬁfgﬁag?rhtfgmgﬁ%ﬁ%]n Wca,gnt%.if, S5 SHOPE havi ng no
top or |id. pheeibudlecheapen, "Bésbdckivkingn placed in an oven at anbient
tenperature (e.g., 25C) or elevated tenperature (e.g., from 30C to' ~900C
for a period of tine .Ij‘f"?“i‘?%@@tn??fﬁﬂ%tESnZ‘ﬂs?fgl}PsPr?ﬁa’E%é*ﬁr esence

of 20 air havwegl fniRel §RNYepekAid WM fHy YorRfionk PIy XARL8e df0m 10 to
95 percent relative humdity. Crosslinked polpyepOX| e binders are typically

pr epar ed-% r GRPEER CORSORBRPIRD FFSILYEBNS Travsarsivgt W@y jinghudegdesge
functi onal CAUBOUE U £ QI £ 0012 BRONL d&tfaliggtgojp@éu?e%f react anl Jravi ng at

| east two epoxide groups; and (i1 an active hydrogen nctional” second
conponent C@ﬁgpi@iwﬁyhyxegard to the preparation of the particulate

crosslinked polyepoxide, such as tertiary amines, e.g., tri-
tertiarybutyi amine, and tetrafluoroboric acid. If used, the
15 catalyst is typically added to the active hydrogen functional
component (ii’) prior to mixing the first and second
components together. The epoxide ring opening catalyst, if
used, is typically present in the two-component composition in
an amount of less than 5 percent by weight, e.g., less the 3
20 percent or 1 percent by weight, based on the total weight of
the two-component composition. The molar equivalents ratio of
epoxide groups to active hydrogen groups of the reactants used
to prepare the drosslinked polyepoxide binder is typically
from 0.5 : 1.0 to 1.5 : 1.0, e.g., from 0.7 : 1.0 to 1.3 : 1.0
25 or 0.8 : 1.0 to 1.2 : 1.0.

The crosslinked organic polymer binder of the
polishing pad may optionally further comprise conventional
additives. Conventional additives that ﬁay be incorporated
into the crosslinked polymer binder include those additives as

30 described previously herein with regard to two-component
compositions from which the particulate crosslinked
polyurethane and particulate crosslinked polyepoxide are

prepared, e.g., mold release agents, dyes and flexibilizing



active hydrogen functional reactant having at |east two active hydrogen
groups that are reactive with the epoxi de groups of the first conponent.
Two- conpov@nt/230rposi ti ons that may be 30 used to preparepeh@serassss i nked
pol yepoxi de binder may be described with reference to those two-conponent
conpositions used to prepare the particul ate crosslinked pol yepoxi de as
di scussed previously herein. Exanples of epoxide functional WO 02/ 22309
PCT/ USO1/ 28948 - 27 reactants, e.g.,” &SXide functional nonomers and
prepolyners, and active hydrogen functional reactants (e.g., polyols,

pol y( car boxy#ds&t&ei o5 s 'péﬁahﬁ%ﬁrﬁhﬁwwlyepﬁéw‘% on phepare the

croosti nked Aakuepakt e hiyIle! IR De sghagiar Lo Hiase slasees and

exanmpl es of epoxide functional Treactants an rog ctional reactants
as descri bedeyseavi byisisidign ebneferadiecl ével yhanThe peveemo fipyonehght ,

conposition %gr h r | Lnke | yepoxi bi nder may
optionally cag%e};%ogg Lg{] 1 ag%%x?%séscrt%%% % %lgcnegl%cé?’a]”%% 'Tlﬁ)éasggt%rf yst may
i ncl ude thosse tbaskescizint eXanpd escoskléplxd delyakal yaidr.eciwhele previ ously

herein with regard to t.he preparati on of the rticul ate crosslinked

pol yepoxi de,Susc%'cﬁo%‘éeI%telrQ[r’ia r?ggﬁ]nveesg, MgY oS atq?q%-d “Peft TRy Bt §F° ani ne, and
tetrafl uor olfirise agisgkecddd usefondhies b5 R adwsSicompohyfl Ctlnpwsaddads to the
active hydrogen functiqnal conponent gji i') prior to mxing the first and

second conpoiBntEI R gt SrosThEkssb PPIEneT RETGSEnt AgPeeRadefst EheY  used,

is typicallyader e5pidaily iR ok¥OrHAUMAREH! tICORRT L Bt dyerdRuABP10f | ess
than 5 percent by weight, e.g., less the 3 20 percent or 1 percent by

wei ght , Phse®cordt pemmaeat hei gHinize the pemnédapontmdvemsposi ti on. The

mol ar equi valgat§of AdL fn @HQXis%G‘cy%QEQS 1R ACLLVE &Yddeog;%u Loups of the
reactants used to prepare the crosslin edgpo yepom%e Inder Ts typically

fromO0.5 : Xhe resgedivel fdrse. ¢pmpdreom 0.7 : 1.0 to 1.3 : (13. 0
The polishing pad of the present invention
typically comprises a minor amount of crosslinked organic
15 polymer binder (b). The crosslinked polymer binder is
typically present in the polishing pad in an amount of at
least 5 percent by weight, preferably at least 10 percent by
weight, and more preferably at least 15 percent by weight,
based on the total weight of the particulate polymer (a) and
20 the crosslinked polymer binder (b). Also in the present
invention, the crosslinked polymer binder is typically present
in the polishing pad in an amount of less than 49 percent by
weight, preferably less than 35 percent by weight, and more
preferably less than 25 percent by weight, based on the total
25 weight of the particulate polymer (a) and the crosslinked
polymer binder (b). Crosslinked polymer binder may be present
in the polishing pad of the present invention in an amount
ranging between any combination of these upper and lower
amounts, inclusive of the recited values.
30 The polishing pad is typically prepared by means of
a multi-step process, which comprises first mixing together
the particulate polymer (a) and a precursor composition of the

crosslinked polymer binder (b), e.g., a two-component



25 or 0.8 :

1.0to 1.2 : 1.0. The crosslinked organic pol yner binder

polishing pad may optionally further conprise conventional additives
Convent i owab2/zdaé ti ves that may be incorporated into thePCT/os&lispdsed
pol ymer bi nder include those additives as 30 described previously herein
with regard to two-conmponent conpositions fromwhich the particul ate
crosslinked polyurethane and particulatg crosslinked pol yepoxi de are

prepared, e.g., nold rel ease agents, dy@
PCT/ USO1/ 28948 - .28 )
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temperature that is less than the melting or sintering point
of the particulate thermoplastic polymer. Heating the mixture
to temperatures that are less than the melting or sintering
point of the particulate thermoplastic polymer minimizes the
occurrence of sintering between the thermoplastic particles of
the resulting pad. When elevated temperatures are used in
the preparation of the polishing pad, such elevated
temperatures are typically less than 180°C (e.g., less than or
equal to 150°C, or less than or egual to 135°C).

More typically, the mixture of particulate polymer
(a) and the precursor composition of the crosslinked polymer
binder (b) is polymerized in a mold with the concurrent
application of pressure and heat. Upon completion of the
polymerization step, the pressure underwhich the mold is held
is reléased, the polishing pad is removed from the mold, and
the pad may be further processed, e.g., cut into various
shapes.

Polishing pads according to the present invention
typically have one or more work surfaces, i.e., those surfaces
of the pad that come into contact with the surface of the
article, e.g., a silicon wafer, that is to be polished. The

work surface of the polishing pad may optionally have surface

r
| east

and nore

of the
SO in



wei ght, preferably | ess than 35 percent by weight, and nore preferably

| ess than 25 percent by weight, based on the total 25 weight of the

parti cul av@opzd3yner (a) and the crosslinked polyner bindeeT/B)1/28948
Crossl i nked pol yner binder nay be present in the polishing pad of the
present invention in an anount ranging between any conbi nati on of these
upper and | ower anmounts, inclusive of the recited values. 30 The polishing
pad is typically prepared by nmeans of - @0nulti-step process, which.
conprises first mxing together the particulate polyner (a) and a
precursor cdrposires orrlsictelefronodoli nkanbrol yennblnderrocys, e. a

g.,
fuo- componet ¥ Q@:{%Z?’%%dpg&éb%% /1%§94§m Fedry _GQIPOSL LION, LOIPId 41 an
|socyanate nctona st onent ‘3 and an active ﬁ‘yaro en

functi onal ascohelnne;‘mrmmtﬂegto(aveg c3ecenitinyce the pbxishimgobrthe particul ate

pol yner (a) and a, recurs r..co 05|t|o of t.he .cross|inked.5 polynmer binder
(b) is pol yll?glafl?]éh B BuF élcér%y OEy ]alp%ilPEaP? RSEthERts S Y formthe
pol i shi ng pateaf thdepdiriesenl padvienusea. 1%3%@«:9@& tuicwl at §omlhwi@r
conprises thernoplastic particul ate po{a%/ the m xture of the 10

particul ate SﬁHW}ﬁsr 29 syidarhef sHEEEPs %ﬁ’@ﬁ‘t poRtaste Phether ossl i nked

pol ymer bi ngieh i 6RInd oROIMABEEZR] F caHEREL At(18 chEMRRFARlMECoEhale IS | ess
than the nmelting or sintering point of t he partl cul ate thernoplastic

pol yner. He®OLaghip® SHuaryr between dfpevariureay fakat Oﬁr@el ®ad apdrthehe
mel ting or SiBEELLNge ]élepgl.t‘?icfg e Eérﬂél\(l\i’re& %to?ﬁ cE]”Da‘?lda%& Copo! ymer

m nimzes the occurrence of sintering be ernopl astic particles
of the Yleswetpugl pael tWaespetie st @braéﬂqbemas;telmes avay Used Ehe t he

preparation _of _the Iy shin : | evat ed eratures are typically
less than 180CT¢ES ch,P es§ gﬁan ct):rha Olséqu%llngié’ ﬂﬁ%gyor | ess than or equal

to 135C). Surface features, such as channels and grooves, may

be introduced into the work face of the polishing pad by means
that are known to those of ordinary skill in the art. The

15 work surface of the pad may be mechanically modified, e.g., by
abrading or cutting. Alternatively, surface features may be
introduced into the work surface of the pad during the molding
process, for example, by providing at least one interior
surface of the mold with raised features that are imprinted

20 into the work surface of the pad during its formation.
Surface features may be distributed - -in the form of random or
uniform patterns across the work surface of the polishing pad.
Examples of surface feature patterns include, but are not
limited to, spirals, circles, squares, cross;hatches and

25 waffle-like patterns.

Polishing pads according to the present invention
typically have a pore size of at least 1 micron, preferably at
least 5 microns, and more preferably at least 10 microns. The
pore size of the polishing pad is typically less than 1000

30 microns, preferably less than 500 microns, and more preferably
less than 100 microns. The pore size of the polishing pad of
the present invention may range between any combination of

these upper and lower values, inclusive of the recited values.



More typically, the m xture of particulate polynmer (a) and the precursor
conposition of the crosslinked polyner binder (b) is polynerized in a nold
wi th t he wonwes3pent application of pressure and heat. UppaT/wsemsessi on of
the 25 polynerization step, the pressure underwhich the nold is held is
rel eased, the polishing pad is renoved fromthe nold, and the pad may be
further processed, e.g., cut into various shapes. Polishing pads according
to the present invention 30 typically BAhve one or nore work surfaces,

i.e., those surfaces of the pad that conme into contact with the surface of
the article, e.g., al8#tHPoidrert hdthe presee PEPREhed. tfe work

surface of phe:pali-shi pg ' a Q
PCT] S01/ 2oBaaT TS 130@ egur,ers]@sfelgg%{%gaéﬂr%r??efgglrﬁgiefgnglgg%(%%?noﬁéﬁ s,9

grooves, petrégntionSughbier civbbrastoran tdfapedie Mnthigudateatapegdalsuch as
channel s an r C nha i shing_or. _.pl I i

efficiency g?gfﬁg%%grfsﬁ?ﬁg pa%%gpégg?gﬁkaﬁgg geﬁ%gﬁﬂ%ﬁggé%ﬁﬁéﬁ?ﬁglgad i's
used i n donpunedn-omiworhly tgoldughbny tisd graryicilhetss poflaeer f @atAoreshef t he

wor k surfacgro£s£ﬂ1edpogishiagfﬁgd ca servg to enha ce:.&l) t he novenent
of the pol FSRTAG STar Py BT wedRhe ok €atY ace o fRE Pad and t he
surface of phetsrilatleembbatidls iBetngt pihitHdedibaighy(id) 1{,-henifbragoval and

transport of_ abraded ngteriaL amag fromthe szrface of the article that is
bei ng poIisE@H?uégﬂ”Fae Sf RYE XL 2LE LRI e T RAANGT SCign T gFobveed nay  be

introduced Ht@nd:n@ivaek. f ace wakat hendlu:5RiivE Pad Ryn1aRaNGatd Al ase known
to those of ordinary skill in the art. The 15 work surface of the pad may

be mech&fli cBYPICHIG Pregene. it theyrobbihidion§26r i andupgs of tlasratbes| v,
surface featyros Y Be wbiidQdugedai & e ot ksirtace ofe thae pad during
the nol ding process, for exanple, by providing at ["east one interior

e.g., in amounts of from 5 percent by weight to 65 percent by

weight, based on the total weight of the polishing pad.

The abrasive particulate material may be in the

15 form of individual particles, aggregates of individual
particles, or a combination of individual particles and
aggregates. The shape of the abrasive particulate material
may be selected from, for example, spheres, rods, triangles,
pyramids, cones, regular cubes, irregular cubes, and mixtures

20 and/or combinations thereof.

The average particle size of the abrasive
particulate material is generally at least 0.001 microns,
typically at least 0.01 microns, and more typically at least
0.1 microns. The average-particle size of the abrasive

25 particulate material is generally less than 50 microns,
typically less than 10 microns, and more typically less than 1
micron. The average particle size of the abrasive particulate
material may range between any combination of these upper and
lower values, inclusive of the recited values. The average

30 particle size of the abrasive particulate material is
typically measured along the longest dimension of the

particle.



surface of the nold with raised features that are inprinted 20 into the
work surface of the pad during its formation. Surface features may be

di stri butvead o2/ze30hhe form of random or uniform patterns acPOBESe1R89480r K
surface of the polishing pad. Exanples of surface feature patterns
include, but are not I|imted to, spirals, circles, squares, cross-hatches
and 25 waffle-like patterns. Polishing pads according to the present
invention typically have a pore size of?af least 1 nicron, preferably at

| east 5 mcrons, and nore preferably at |east 10 mcrons. The pore size of
the polishing pad is tffMeass Pl ebsaphan PROTA C3d2Re drRGesiapf et RAaBRY | ess

than 500 m geouseqand Jr grpealienahbye;bestmdlian, 100 .61 age. 1adore size
of the polishing pad of he present 1 nvention may range between any

conbi nat i on tef shewmurppaidand: Iowegawa LRsminae| fissacke adfunt e ratidesd

val ues, VO 0222300, RGTLUSAHIZIM e Hhscd han erhaIRNL Oh ! s pr esen

i nventi on, e articulate ymer (a) and/or € crossl Irnked’ organic
pol yner 5Sbi maér géb)dduninkeleal aonpr;i sédiaomm alurddidee part, gukahesitem al .

The abr asi (1 cul terj.al di stributed ynifarmy 5
non- uni {or M PR UDUE=F hes PHYFFOIFEE S Holy RBF AhcHUP LR EPRRSI i nked

pol ymer bi ndetbidypiialilkyn hherialer;asuMgstqardarbibal e iihetnatatiside ;
distributed substantially uniformy throughout the particul ate polymner
and/ or the CFGREPTHIRFOpBE RIS bitnder . CHRT(LRFOR 1 M- LiEa8 e parti cul ate

material isnbQab¥RiCaAdbnPheSEIMe | Balher Potiseldl ABuRat iZ1-apRuRt s of less
than 70 percent by weight, based on the total weight of the pad, e.g., in

anount s 1 FldAFS: ferentuByd visilgise it dren Pedeentrdiawsieght; based on the
total weight;;0fohhe, RAlhahhno: pAdiERe RLASILE B4 culat ﬁim]ﬁ{g al may be
in the 15 formof individual particles, aggregates of i1 ndividua
particles, ¢hegeebnbifrztfeonedfainagiiviedpalt padetel estandls include,

for example, aluminum oxide, silica, silicon carbide, zirconia

and mixtures thereof.

15 Abrasive particulate materials used in the present
invention may optionally have a surface modifier thereon.
Generally, the surface modifier ié selected from surfactants,
coupling agents and mixtures thereof. Surfactants may be used
to improve the dispersibility of the abrasive particles in the

20 resins from which the particulate polymer (a) and/or
crosslinked organic polymer binder (b) are prepared. Coupling
agents may be used to better bind the abrasive particles to
the matrix of the particulate polymer (a) and/or to the matrix
of the crosslinked polymer binder (b) of the polishing pad.

25 The surface modifier, if used, is typlcally present in an
amount of less than 25 percent by weight, based on the total
weight of the abrasive particulate material and surface
modifier. More typically, the surface modifier is present in
an amount of from 0.5 to 10 percent by weight, based on the

30 total weight of the abrasive particulate material and surface
modifier.

Classes of surfactants that may be used as surface

modifiers for the abrasive particulate material include those



aggregates. The shape of the abrasive particulate material may be sel ected
from for exanple, spheres, rods, triangles, pyramds, cones, regular
cubes, i wegubtmn cubes, and m xtures 20 and/or conbi nati pOoBUSOIE8esf . The
average particle size of the abrasive particulate material is generally at
| east 0.001 mcrons, typically at |least 0.01 mcrons, and nore typically
at least 0.1 mcrons. The average particle size of the abrasive 25
particulate material is generally |ess tHan 50 microns, typically |less
than 10 mcrons, and nore typically less than 1 mcron. The average
particle si Z@WP EReshidilesi ot iRati CuBat e RRtier artiRRA TangeheENken any

combi nati on fa bBASE,UPREE-£a00nl OWCHLE! U5 diRCLUSIYRDloel e T eci ted
val ues. The average 30 particle size of the albra5|ve particul ate materi al

is typical |Igpnfeasartsd tlagngay hee Iltm?glesmbltlldﬁan:bﬁl@nam ndte lipared ciee. WO
02/ 22309 Pcl}{e‘@Qlé%?(?)E“ah es, éélaﬁ%&?l@%' e%xoéesabr%%.é :ga]{otr{ Cghg&ﬁ faﬂé grials

that may be used 1n e presen nvention 1'n¢ 0 ted
to: al umirumashodelie. a}zldsgannatadauugnazecﬂ u:s]e(isalsuaf neonpixingeageteat
treated alu m oxi.de, ite fused al um 0X d 5 so derived
al umina; si Irglh@gnm%%r]%e é)vt\qtgn@liy N B8 ‘f‘?‘% t%‘ﬁr %?%Ca?n&% i:]égk silicon
car bi de; ti taafrlaamvéhMuldelab@rrﬁuteﬁaubnﬂelué‘d | iE6@Nedriglicde sil angst en
carbide; titanium carbide;_ dianond; boron njtride, e.g., cubic boron

nitride and S%@x%@oﬂ’éqar’(?&l&ﬁnﬁ?t rHifenagss md A gsedl WHRASSE 2i r coni a; 10

silica, e.Q.ExahdBE &t |dRBlihg AyRHsd@hall A Be G8LHAnc1RIdCORLA; titania;
tin oxide; nmanganese oxi de; and m xtures thereof. Preferred abrasive

parti cul kit e SHEMeLe al STLAVESTdel lates AckAfpied AalaRP nurhicti @&e silica,
si l'icon car @&ﬁer@iéfﬂ}“a@alﬁ}gglénf&tdﬁ{ e cLOEHYoralPohPr asive particulate

materials used 1 n the "present
Polishing pads accordlng to the present invention

may have shapes selected from, for example, circles, ellipses,
squares, rectangles and triangles. In an embodiment of the

15 present invention, the polishing pad is in the form of a
continuous belt. The polishing pads according to the present
invention, may have a wide range of sizes. For example,
circular polishing pads according to the present invention may
have diameters ranging from 3.8 cm to 137 c¢m. The thickness

20 of the polishing pads of the present invention may vary
widely, e.g., from 0.5 mm to 5 mm.

Polishing pads according to the present invention
typically have a density of from 0.5 grams per cubic
centimeter (g/cc) to 1.1 g/cc. The polishing pad typically

25 has Shore A Hardnesgs values at least 80 (e.g., from 85 to 98),
and Shore D Hardness values of at least 35 (e.g., from 40 to
70), (as determined in accordance with ASTM D 2240).

In an embodiment of the present invention, the

polishing pad comprises particulate crosslinked polyurethane,
30 and crosslinked polyurethane binder. In another embodiment of

the present invention, the polishing pad comprises particulate

‘crosslinked polyepoxide, and crosslinked polyurethane binder.

In a further embodiment of the present invention, the



invention may optionally have a surface nodifier thereon. Cenerally, the
surface nodifier is selected fromsurfactants, coupling agents and

m Xt ur es wherexshe Surfactants may be used to inprove therpdi/gperspdsi ity of
the abrasive particles in the 20 resins fromwhich the particul ate pol yner
(a) and/or crosslinked organic polynmer binder (b) are prepared. Coupling
agents nmay be used to better bind the abrasive particles to the matrix of
the particulate polynmer (a) and/or totR& matrix of the crosslinked

pol ymer binder (b) of the polishing pad. 25 The surface nodifier, if used,
i's typical |l Poptercit Ped SATPEHARMPASTiferse kansebipwd @atyegoXiseght, based
on the totabnavelalhakebhfo AR e AUl dheymierdalyapd surface

nodi fier. More typically, € surface nodifier is present 1n an anount of
from 0.5 t oetbogrageniofbyheepgentbageentoien, heh8pebisingepght of the

abr asi ve partj te [ a e ifLer. d es of surfactants
that may be C%J)}snggi%ss Er? g%‘éﬂtrﬁ)%%fo %g%ﬁg%dr p?)ggugéraasrfe\/e%%érti cul ate

mat er i al 5i nekudel irdkesie pYDy 6262230 DiRGIF USOL 2894811 -fuidheknevspdimeski | | ed

artisan, e.g., _anionic, cationi,c, anphoteric. and ponionic surfactants.
More speci flgg B icES bt ln%?ﬁtfléj@t’aggg Qﬁét*ﬁﬁ? %%gu%oé‘l?ril%?ude, but are
not |imtedphoticulRital cabkoxilesi ppolaldkyere pxitlsul3al tsood1dmeg chain
fatty 5 carboxylic acids. Art-rec,o%ni zed cl asses of_ coupli n2 agents that
may be opti BRAYFRPRISKED £BY notR TSt inked e Farethprne neindeyr 8A(e- particul ate

mat eri al i nglkygde i fiQia Eﬁgp@%@,{i@; lkangsy. Such as organosil anes, titanates
and zircoal um nat es. a es of coupling agents that may be used incl ude,

for 10 éfanple, SILQUESFOLI$luimss PAdIFAcning: 12301 utriesknhr Envesdrner ci al |y
avai | abl e T ra(p W LLQ CORDRT M diPNer 9%h§@'ﬂ19d9§9§n%;}f%ru@epg.tolﬁ he present

invention may have shapes sel ecte rom for exa circles, ellipses,
Figure 3, a polishing pad 6 having a work surface 11 on one

side and a substantially parallel back surface 17 on the
opposite side of the pad is depicted. In Figure 3, a portion

15 14 of work surface 11 is depicted in further detail in
magnified view 14’. With reference to magnified view 147,
polishing pad 6 comprises particulate polymer 20, which is
bonded together by crosslinked polymer binder 26. Particulate
polymer 20 and crosslinked polymer binder 26 together form

20 surface pores 30 on work surface 11, and embedded pores 23,
which reside below work surface 11.

While not intending to be bound by any theory, it
is believed that while in use, e.g., while polishing or
planarizing the surface of a silicon wafer, the porosity of

25 the work surface of the polishing pad of the present 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

30 residing proximately below work surface 11 are exposed.

Polishing pads according to the present invention
may be used alone, for example being applied directly to the

platen of a motorized polishing disk. More typically, the



squares, rectangles and triangles. In an enbodi nent of the 15 present
invention, the polishing pad is in the formof a continuous belt. The

pol i shi ngv@azis23exzcording to the present invention, nmay hROBUSOMISEMS r ange
of sizes. For exanple, circular polishing pads according to the present
invention may have dianeters ranging from3.8 cmto 137 cm The thickness
20 of the polishing pads of the presentsgnvention nmay vary wdely, e.qg.,
fromO0.5 Mfmto 5 nm Polishing pads according to the present invention

typically h I r C ent. i (g/cc) to
1.1 g/cc. Eg%%u?ﬁ?ﬁggpg% %eg:ﬂ ggf%gz%%%gggéﬂo% Zl\lsﬁgir %e‘g{g t\e/alfugs at

| east 80 (epglislfingnprgs aosg®Ly, andWShﬁr@tDlﬁa$unagsbaakueg sgfeesit ikeast 35
(e.g., fromaége &y t%ox:he(gg ]geé.ﬁff Qegfl 89£€}:?nce WI t hdﬁ\ l\flsh1240) In
M 55 %a

an enbodi rent of the prese iMVERt: on, nprlse
parti cul at epad osslembid gd @0¢@mﬁmm@hanethe:y}eaadtcimméﬂulnhedc@meMﬂeethane

bi nder. Ln anot her i ment. .0 the esent I nvent t he pollshlng pad
conpri ses particul at n?agr%s%?]ilﬁ%éagp% ‘{/ ﬁgxfia@crlg?ﬁii OrEYLPT I

pol yur et haneebéfilehavihg an fupggdieoenhadirarat and 4 heweresest shﬁ\faataion t he
WO 02/ 22309 PCT/ US01/ 8948 - 34 polishing pad conprises partlculate
crosslinked pol yepoxi 4B 2 RRFAEPEsEnesik &dVABY y@DIEREE BRRERS 3PA Fet a
further enbeférei-ratet hgndresent invention, the polishing pad conprises
particul ate crosslinked pol yurethane, and 5 crossl i nked pol yepoxi de bi nder.
In a still further enb8liFermdhesive Heeancedaherporashiiesieet nddRi shing pad

conpriseg panddCul %ﬁt&é@%ﬁdrﬁ‘ﬁ%@ POl SURENARG, £ DI to'fcgh%g%srl‘%ﬁzk%nked

pol yepoxi de, and crosslinked polyurethane binder and/or
pol yepoxi dephf et theQupppo| swifiang phdssccdrdkingy tshetehe present invention

may be described m”thTﬂgf§§é¥¥%% Eﬁee E%% ge pg&aéalng pad assembly can

be rigid or flexible, and typically serves the purpose of
supporting or stabilizing and optionally cushioning the

15 polishing pad during polishing operations. The backing sheet
may be fabricated from materials that are known to the skilled
artisan. Typically, the backing sheet is fabricated from
organic polymeric materials, examples of which include, but
are not limited to polyesters, e.g., polyethylene

20 terephthalate sheet, and polyolefins, e.g., polyethylene sheet
and polypropylene sheet.

Alternatively, the backing sheet of the polishing
pad assembly of the present invention may be a release sheet,
which can be peeled away from the adhesive means, thus

25 allowing the pad to be adhered to another surface, e.g., the
platen of a polishing apparatus, by means of the exposed
adhesive means. Release sheets are known to those of ordinary
skill in art and are typically fabricated from known
materials, including, for example, paper or organic polymeric

30 materials, such asApolyethylene terephthalate sheet,
polyolefins, e.g., polyethylene sheet and polypropylene sheet,
and fluorinated polyolefins, e.g., polytetrafluoroethylene.

The upper surface of the release sheet may optionally have a



Figure 3, a polishing pad 6 having a work surface 11 on one side and a
substantially parallel back surface 17 on the opposite side of the pad is
depi ct edwon2/BE3gure 3, a portion 15 14 of work surface 11PCHUd@mSetsed in
further detail in magnified view 14'. Wth reference to magnified view
14', polishing pad 6 conprises particulate polynmer 20, which is bonded

t oget her by crosslinked pol ynmer binder 26. Particul ate polyner 20 and
crosslinked pol yner binder 26 together B6rm 20 surface pores 30 on work
surface 11, and enbedded pores 23, which reside bel ow work surface 11.

Whi | e not i meépdsagedaring bbersbrbyhahyig higorepntatt witkhheheead@edivat whil e

in use, e.g., Wwhil ol ishing or planarjzing the surface.of a silicon
waf er, the Hg?ggit%oeaf§ Fﬁgt*/ﬁﬂskagﬁr‘f%ic% k5‘%wf1h8°p%ﬁ 'lr]ige?)ad of the
present invemtissn, rehimay sofstianet i abt yeeapleantludiidatkdr pbeymaref er ence

to Figure 1, as wrk surface 11 of polishing pad 6 is worn away during,
for exanpl e 2898t #1575 -or pad conditioning process, new surface pores 30

are formed as those enbeddafeParLaedsds Kk @s dbdIsPIRX ARt £5Yerghow wor k
surface 11 are exposed. Pollshlngﬁgads according to the present invention

may be used™@¥ohe,SHFCtefafipre BePAgeaplst iEFaPLECeT 21t §9pR_IVYl aten of a
notori zed pahighi Ngydiihe ML € JR Ral ! Ye 428 1 YR, 024 21%3%%0803% ?@%1/ 28948 -

35 polishing pads of the present invention are used as part

pol i shi ng pa#tidss@ryitisapn whidie deckesistiamee ofatke mplsisééngimad adhered to
t he back sur 0, | Lshi d ol i.shin a senbly, according
to the presgﬁté(}?ﬁv%hnéti %ﬁggc%%%eg? %h?Aa%D"Jé“%& Fgﬁ?‘ﬁ’g%ﬁggr(%% descri bed
previ ousloy pleseimy Hisyippdianingpper wod Kosikrihgcehastd tawdeaher. baie surf ace;

(b) a bapkig sheet -having an upper sucface and a Iqﬂﬁr,surface; and (c)
an adhesi ve %%Sﬁ%v?rﬁﬁﬁﬁ ogéﬁqﬁ%f%QSHt%% §qp contact adhesives,
thermoplastic adhesives, and curable adhesives, e.g.,
thermosetting adhesives, as is known to the skilled artisan.
An adhesive assembly typically comprises an

15 adhesive support sheet interposed between an upper adhesive
layer and a lower adhesive layer. The upper adhesive layer of
the adhesive assembly is in contact with the back surface of
the polishing pad, and the lower adhesive layer is in contact
with the upper surface of the backing sheet. The adhesive

20 support sheet of the adhesive assembly is typically fabricated
from an organic polymeric material, such as polyesters, e.g.,
polyethylene terephthalate sheet, and polyolefins, e.g.,
polyethylene sheet and polypropylene sheet. The upper and
lower adhesive layers of the adhesive assembly may be selected

25 from those classes of adhesives as recited previously herein
with regard to the adhesive layer. Typically, the upper and
lower adhesive layers are each contact adhesives. BAn example
of a preferred adhesive assembly is generally referred to as
two-sided or double coated tape, for example double coated

30 film tapes, commercially available from 3M, Industrial Tape
and Specialties Division.

Polishing pad assemblies according to the present

invention, may be described with reference to Figures 1 and 2.



10 adhesive contact wth the | ower back surface of said polishing pad and
t he upper surface of said backing sheet. The backi ng sheet of the polishing
pad assembdy2/zam be rigid or flexible, and typically serperushiespisr pose of
supporting or stabilizing and optionally cushioning the 15 polishing pad
during polishing operations. The backing sheet nmay be fabricated from
materials that are known to the skilled artisan. Typically, the backing
sheet is fabricated from organic polym8fic materials, exanples of which
include, but are not limted to polyesters, e.g., polyethylene 20

t er epht hal atTdeshedishizre padl gesaftilys7 ef gFigys yefhylwies shpetistaing

pol ypropyl e S . ternativel t he_backing _sheet. of the polishing pad
assenbl y ofggﬁeggﬁégéng'fﬁvg ?%H%ﬁ%ys Ef%?%eqeggg %HgaF?’gﬁﬁ?ch can be
peel ed away sfuréaré he7 adhesckendgrearer B husa@inglahoubpgr tduerpad 4o sl adher ed

to anot her sutface, e.qg., the aten_of a palishing apparatus, by neans of
t he exposed? SH%Ei%&fé%%fnés'ﬁﬁﬁt§§eagﬂ%%F§P&F€eEn%aﬁﬂgﬁmtﬁﬁse of ordinary
skill insartingadpas&d tngpiveahl yoTfiatihgaped 57 emakBQUWRingTRhertats, incl uding,
for exanpl e, Raper or organic polynmeric 30 materials, such_as polyethyl ene
t er epht hal atéEREEE , 1aY531 ¢8I &% | s adBegive rmechy vk havdel owgi back

pol ypropyl erg, gheetis aNGohk dRidakads ol ¥ @RS, «&rfhce 42 of
pol yt et r af | uor oet hyl ene. © The uppér surface of the rel ease sheet may

optional |y fragkiag ¥R/ 22309 PCT/US01/28948 - 36 release coating thereon
that is in contact wi tﬂ&l&@ﬁu@&”};%%‘ \é.gse % .o@e%?ﬁ e cﬁoag.h?%d% %nvve' !
may or nple;

known to the skilled artisan, "and conpri Se, exa uori nat ed
pol ymer st0 apdhssive oreemb3yThe, adtiedi ve imanposkdt betyeain shiihghipad assenbly

ey Do ) S5 A B AUESE SS5°TOL 280 S |/ ELip i
of an adhesive support sheet 51, which is interposed between
upper adhesive layer 54 and lower adhesive layer 57. Upper
adhesive layer 54 is in contact with lower back surface 17 of

15 polishing pad 33, and lower adhesive layer 57 is in contact
with upper 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,

20 e.g., adhesive means (not shown).

The present invention is wmore particularly
described in the following examples, which are intended to be
illustrative only, since numerous modifications and variations

therein will be apparent to those skilled in the art. Unless

25 otherwise specified, all parts and all percentages are by

weight.

Examples A and B

Preparation of Particulate Crosslinked Polymers

30
Example A
Particulate crosslinked polyurethane was prepared

from the ingredients listed in Table A. The particulate



skilled artisan, to the back surface of the polishing pad and/or the upper
surface of the backing sheet, prior to 10 pressing the polishing pad and
backi ng sheer213eyet her. The adhesive |ayer may be sel ect rdTAUS@IMSE4BNt act
adhesi ves, thernoplastic adhesives, and curabl e adhesives, e.g.,

t hernosetting adhesives, as is known to the skilled artisan. An adhesive
assenbly typically conprises an 15 adhesive support sheet interposed

bet ween an upper adhesive |layer and a B®&wer adhesive |ayer. The upper
adhesive layer of the adhesive assenbly is in contact with the back
surface of créeslpolikieshpalypathaandwaherdagiver pdéssiespollagkeing Paids sent act
with the upggécéﬂ££9%e Qﬂe}Q%mggﬁkian%Peﬁgg gh§(§qpesive 20 support sheet
of the adhesrive ‘asse Fy S yplcaf?y}?a ricated ” from an organi ¢ pol yneric
material, such as polyesters, e.g., polyethylene terephthal ate sheet, and
pol yol ef i ns—e.g.—polyethylene sheet and polypropylene sheet. The upper
and | ower adhesive |ayers of the adH%%ﬂ#bAassenbly may be sel ected 25 from
t hose cl gsseg plgadirgstves—asrecitedpreviousty hcdglghtwﬁﬁgégfgafd—to t he
adhesive | ayer. Typically, the upper and | ower adhestve Trayers are each
contact adhesives. An exanple of a ghateer®ed adhesive assenbly is
generally referred 1o _as._twq-sided or double coateq. tape, for exanple
doubl e coatgﬁﬁﬁﬁpﬁiﬁﬁ%ﬁ 5B%s&ﬁconnercially available9¥r%n13wl | ndustria
Tape and Speaniald icesabivée s(ton. Pol i shing pad assenblges according to the
pr esent inven%ion, ngé be described with reference to Figures 1 and 2. WO
02/ 22309 PCTf 7794048’ - 37 The pol i shing pad asgehbly 7 of Figure 1

i ncl udesoa polishing pad 33 having afaugpesr work surface 11 and a | ower
back surface 17, a backing sheet 39 having an upper surface 42 and a

| ower surfaE%PQMEn%£ﬁdeﬂC%Hﬁ§§iPéeP%§€%ﬂ86%ﬂhich i s68-3 nt er posed bet ween

pol i shing Wﬁ%‘ﬁ%“ﬁéﬁﬁ\ %ﬁgﬁing’gcurative obtained from Air

Products and Chemicals, Inc, which describes it as methylene

bis(chlorodiethylanaline) .
15
(b) VERSALINK P-650 poly{tetramethylene glycol) diamine

curative obtained from Air Products and Chemicals, Inc.

(c) PLURONIC F108 surfactant, obtained from BASF Corporation.A
20
(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).
25
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 then added to
the container while still on the hot plate, and the éontents
30 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



Adhesive layer 36 is in adhesive contact with both | ower back surface 17
of polishing pad 33, and upper surface 42 of backing sheet 39. Poli shing
pad assembdy2/®23ed Figure 2, includes an 10 adhesive assebPbTAySeRs948hi ch is
i nt erposed between polishing pad 33 and backing sheet 39. Adhesive
assenbly 48 is conposed of an adhesive support sheet 51, which is

i nter posed between upper adhesive |ayer 54 and | ower adhesive |ayer 57.
Upper adhesive layer 54 is in contact #th | ower back surface 17 of 15
polishing pad 33, and | ower adhesive layer 57 is in contact wth upper
surface 42 6PRBAEKENGYsHEERr3W. Stoweing 0f 4be dsiongfzefawWRiey- sHEeR 39 of

pol i shi ng p%gmsféarml @S tHe a%bc&igﬁgk oF Gy esnleand 2 TRy eag fe..Aattached

to the platen of a notorized polishing machine, not shown, by suitable
means, 20 evggorewthesixvegnelrishe( detioghowhwatEhewps esertiniadefns o i s nore

part i cul arl y,.desgriped Fnodhe f obhouing ,examl es,ohichy are. Lt ended to be
illustrative only, Since nunerdus AoAI T1 Cat i ons and var Irati ons herein
wi |l be apparentciletchesesskidkeadpbhythetati. bidnhesss o25f Ol tedtticse

speci fi ed, | parts and al] percentages, are by weight. Exanples A.,and B
B epar at 1 on 16 PAIIAS HEE (GG RkOGE PO e PELY S et ives AR ABul ate
crossl i nkedgpakyut elvhaneowas Hyepared fromthe ingredients listed in Table

A. The particulate WD 02/22309 PCT/US01/28948 - 38 crosslinked
pol yur et hane was usedTE8 PriesaParpsfisHihGrpaasinked @edrrrperprTuMeRer

herein in Exapplesich 3Bdng a ARIR O£ AHLOLEMLS MWeOBE 2£8" AER) the

10 top to the bottom of the stack of: 40 mesh (420 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

15 from, for example, the 70 mesh screen was determined to have a
particle size range of from about 210 to 297 microns, based on

the sieve opening sizes of the 50 and 70 mesh sieves.

Example B
20 Particulate crosslinked polyepoxide was prepared
from the ingredients listed in Table B. The particulate
crosslinked polyepoxide was used to prepare polishing pads as

described further herein in Examples 3 and 4.



Charge 1 diamne curative (a) 22.5 diamne curative (b) 8.8 surfactant

(c) 0.1 10 Charge 2 isocyanate functional prepolynmer (d) 68.5 (a)
LONZACURBVO/EDEA09I ami ne curative obtained fromAir ProdupCwuasds@seni cal s,
Inc, which describes it as nethylene bis(chlorodiethylanaline). 15 (b)
VERSALI NK P- 650 pol y(tetranethylene glycol) diamne curative obtained from
Air Products and Chem cals, Inc. (c) PLURONI C F108 surfactant, obtained
from BASF Corporation. 20 (d) ARI THANE 4°HP- 75D prepol ynmer, obtained from
Air Products and Chemicals, Inc, which describes it as the isocyanate
functional reaction product of tolueneadléswcyanate and

poly(tetranprhylgnp glycol) 25 Charge 1 was added tao .an_open cantainer and

pl aced on alis¥edients’ set at a tenperature of 90C nty Rer ents of
t he contai ner becanme nolten. Charge 2¢ o hen added to the container
while still on the hot plate, and the contents 30 were thoroughly m xed

with a rmtorPQimaV‘éﬁelqzﬁfeﬁtllé’ﬁ éatil wuniform The cortlr®ts of the container
were thens poyr |nto 400 granms of 80C deionjzed water, with WO
02/ 22309nSPCT/ %1?2%84 ¢ concurrently vigor ougL ;otel rring of t he

dei oni zed wa:t@propmell S@drvphetl on of the addition ofix.Be contents of the
cont ai ner, lg,orgugfmm ng of the deionized water s continued for an
addi tional 1T ninat foll owed by isolation of the formed 5 particul ate
crosslinked poI yur et hane by neans of ¢hdddeaki on.

epoxy resin (g) 58.1

10 (e) VERSAMID 253 polyamine-polyamide curative, obtained from
Cognis Corp.
(£) DOWANOL.PM propylene glycol monomethyl ether, obtained
from Dow Chemical.

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

15
Charge 1 was added to an open container and stirred
with a motor driven 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
20 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 wvigorous
stirring of the deionized water. Upon completion of the

25 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
polyepoxide by means of filtration. The isolated particulate
crosslinked polyepoxide was dried overnight in a 100°C oven.

30 The dried particulate crosslinked polyepoxide was

classified using a stack of sieves as described in Example A.



The isolated particul ate crosslinked pol yurethane was dried in a 130C oven
for 2 hours. The dried particul ate crosslinked pol yurethane was classified
usi ng a waox21h9 si eves having nmesh sizes fromthe 10 topCT/@Seis94sott om of
the stack of: 40 nesh (420 micron sieve openings), 50 nmesh (297 m cron

si eve openings), 70 nesh (210 mcron sieve openings) and 140 nesh (105

m cron sieve openings). Particulate material was collected separately from
each of the sieve screens. Particulate fdtérial collected 15 from for
exanple, the 70 mesh screen_was determned to have a particle size range
of from abolRaFiguizterrasisdinhed nrlyegoshde t1e SPéveceperfiangrarets of the
50 and 70 nmeshSLEVESer BramMRkevB 0. LRakticul ate crosslinked 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 4EX%10€?5/ 22309 PCT/ US01/28948 - 40 Table
B I ngredients Weight (grans) Char The curative (e) 40.9 5
surfactamd (c) 1.0 isopropanepasiivendbtlBolBishdapveads (f) 11.9 Charge 2
epoxy resin (g) 58.1 10 (e) VERSAM D 253 pol yam ne- pol yam de curati ve,
obtained from Cognis Corp. (f) DOMNCL PM propyl ene gl ycol nononet hyl

et her, obtained from Dow Chem cal. EghmFERON 880 epoxy resin, obtained from
Shel | Chemi cal .

A polishing pad comprising particulate crosslinked
polyurethane and crosslinked polyurethane binder was prepared

10 from the ingredients summarized in the following Table 1.

Physical data of the polishing pad of Example 1 are summarized

in Table 5.
Table 1
15 Ingredients Weight (grams)
Charge 1
particulate crosslinked polyurethane
of Example A (h) 5.2
isocyanate functional prepolymer (d) 1.23
20 Charge 2
particulate crosslinked polyurethane
of Example A 2.0
diamine curative (a) 0.41
diamine curative (b) 0.16

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

30

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



15 Charge 1 was added to an open container and stirred wth a notor driven
inpeller at 60C until all of the conponents were visually observed to have
di ssol veavanzi209 uni f orm m xture was forned, followed by PODUSOIRSP43 anbi ent
20 room tenperature (about 25C). Charge 2 was then added to the contai ner,
and the contents were further mxed until uniform The contents of the
contai ner were then poured slowy into 300 grans of 80C deioni zed water,
with concurrently vigorous stirring of ke dei oni zed water. Upon conpl etion
of the 25 addition of the contents of the container, vigorous m xing of

t he dei oni zedivaltler opasadnet iansediked woyeaddirt bprmedar® leduaspotdrol | owed by

i sol ation 01:_:1 t@gn fiorrg._=[_dL Bart' CéJ| at eattr:lroosrscliionkgg t&?éjl /e (?Léi—i gnb%fmeans of
filtration. “The 1 sofated par ica dé rossti Rke pol'yepoxirde was dried
overni ght i thardd30C eawdn2 Bk Thendihertbqiaiel tutate Creossl i ket rpdkygppoxi de
was classified using a stf\%l&lof_ sieves as described in, Exanple AE WO

02/ 22309 PCTPUSFLSEGAE MOt 2 VBAF: f cTHESEr B sﬁ‘i%k“@&twﬁg%oxi Swas

col | ected sqpad aid y1okeameacebdt he $iR¥esSehe&sNSs dBwanpleSokce 4 5
Preparation of Polishing Pads. Exanple 1 A palishing pad conprj si ng

parti cul at e“Er ¥&5iHegda™p or Y rPe CRERR it oc PES PP Hik 6P p 8l REFEh&Re3Bi nder
was prepar eglindd r ofnkhgol 89FLd1ERALSE WA tEEidLd haaf 91 1 QWangoTabl e 1.
Physi cal data of the polishing pad of Exanple 1 are summarized in Table 5.
Table 1 15 Fagk ddi @énbdevii yorn (fgransitumhdpgeutt atd)i.cfpatleved &3sl i nked

p0|yurethangemolding of the polishing pad from the mold.

10
Example 2
A polishing pad comprising particulate crosslinked
polyurethane and crosslinked polyepoxide binder was prepared
from the ingredients summarized in the following Table 2.

15 Physical data of the polishing pad of Example 2 are summarized

in Table 5.
Table 2
Ingredients Weight (grams)
20 Charge 1
epoxy resin (g) 1.1
polyamine curative (e) 0.74
isopropanol solvent 1.9

propylene glycol monomethyl ether

25 golvent (f) 1.44
Charge 2
particulate crosslinked polyurethane
of Example A (h) 7.2
30 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



of Exanple A (h) 5.2 isocyanate functional prepolyner (d) 1.23 20 Charge
2 particul ate crosslinked pol yurethane of Exanple A 2.0 diam ne curative
(a) 0.41wdbzams3me curative (b) 0.16 25 (h) Particul ate crpPEBUSOIKSMHS

pol yur et hane of Exanple A that was collected fromthe 70 nesh sieve screen
of a series of sieves stacked top to bottom 40 nesh, 50 nesh, 70 nesh and
140 nmesh, and which was determ ned accordingly to have a particle size
range of from 210 to 297 microns. 30 Ch&fges 1 and 2 were each separately
m xed by hand using a stainless steel spatula until honbgenous. The
homogenous i %t SF¥® RFFEERAr oLl ABP AR PheRRREIRSN AedRfin? &R0 02/ 22309
PCT/ USO1/ 28948n intéhdauidlat 2bl e £oBbah nefrANd Mxed {0gekberLby eans of a
notor driven inpeller. A 6.5 gramportion of the conmbination of Charges 1
and 2 was t Fsampie rodudég notd wasliceoprd lanfepépcedein aopeaseivwigrar nol d
havi ng a di f ng A : | s ed in a
press undera§§ @%ﬂ§é¥)c o?geédgﬁﬁgégr?%?gﬁgaggkgm énggﬁpggé?ﬂ?épgsgl35c
for a pefi od pérBE afi 3Ot énuthe nThe wwisl mewdvedotad Mrbhetiy geesand

|l oved t | i ent t enper at bout_25C), . fol | b
ool di no. of e BIRLRPG BRa T FORTERe HF CCHBEE 420K 0 ki ng pad

conpri si ng pallowed afye detos&indleed th@opylirseihgnpad@ntkoar @88l mdlked The
pol yepoxi de bin was prepared fromthe ingredients sunmarized in the

er e
fol 1 owi ng T%ﬁ“%ij‘%e.d J?B’lliﬁ%g%éfaddé(ﬁﬁ bR 198581 PsPrRd PEIPEFE BERTOPE 2 are

sumari zed a temperature of 120°C.
10
Example 3
A polishing pad comprising particulate crosslinked
polyepoxide and crosslinked polyepoxide binder was prepared
from the ingredients summarized in the following Table 3.

15 Physical data of the polishing pad of Example 3 are summarized

in Table 5.
Table 3
Ingredientsg Weight (grams)
20 Charge 1
epoxy resin (g) 1.2
polyamine curative (e) 0.82
isopropanol solvent 2.1
propylene glycol monomethyl ether
25 solvent (f) 1.6
Charge 2
particulate crosslinked polyepoxide
of Example B (i) 7.2

(i) Particulate crosslinked polyepoxide of Example B that was
30 collected from the 70 mesh sieve screen of a series of sieves

stacked top to bottom: 40 mesh, 50 mesh, 70 mesh and 140 mesh,

and which was determined accordingly to have a particle size

range of from 210 to 297 microns.



in Table 5. Table 2 Ingredients Wight (grans) 20 Charge 1 epoxy resin (Q)
1.1 polyamne curative (e) 0.74 isopropanol solvent 1.9 propylene glycol
nononet hwo ersn9 25 sol vent (f) 1.44 Charge 2 parti cul aperTwsassbisnked

pol yur et hane of Exanple A (h) 7.2 30 Charge 1 was m xed by hand in a
suitabl e container wusing a stainless steel spatula until honpbgenous.
Charge 2 was then added to the honngenous m xture of Charge 1, foll owed
by additional m xing by neans of a noto4dfi ven inmpeller. A WD 02/22309
PCT/ US01/ 28948 - 43 7.2 gramportion of the conbination of Charges 1 and
2 was then introduced into an open circular nold as described in Exanple

1. The nold was cl osednange Pl a6RAmkR@ &éqz%%dumﬂ% Suicdewaves st 4i9rge of 907
kil ograms and a tenperature of 120C for eriod of 30 m nutes. The nold

was renmoved YFiBth ? hdgirdsss %ﬁﬁflaﬁpéﬁkhat%ﬁﬁ%&ohom@ﬂ%ﬂﬁﬁsentCh%%ﬁﬁt&enperature
(about 25C) was! ohlouReRY ST doRBoBholdhiRRLLE NV AGRAMS § 04 TiRy LRl d- The

denol ded polishing pad was then glven a oneé hour post-cdre at
t enper at @r ebyf ad@OG okl Eikwind dy3mAaaps| ¢S mytpaddciomsy llwpﬁgl@art iAcul at e

oo g, 2EPLAFREAS, W OSSO HeBRAL D U ST Wi P per
of the poli shengipacbdufceExampd en3 cppe simArrzedld 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
10 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 then given a one hour post—éure at
a temperature of 120°C.
15
Example 4
A polishing pad comprising particulate crosslinked
polyepoxide and crosslinked polyurethane binder was prepared
from the ingredients summarized in the following Table 4.
20 Physical data of the polishing pad of Example 4 are summarized
in Table 5.



in Table 5. Table 3 Ingredients weight (grans) 20 Charge 1 epoxy resin (Q)
1.2 polyamne curative (e) 0.82 isopropanol solvent 2.1 propylene glycol
nononet hwo ermsn9 25 sol vent (f) 1.6 Charge 2 parti cul at BCT/USGIEISH48k ed

pol yepoxi de of Exanple B (i) 7.2 (i) Particulate crosslinked pol yepoxi de of
Exanple B that was 30 collected fromthe 70 nesh sieve screen of a series
of sieves stacked top to bottom 40 nmesh, 50 nmesh, 70 mesh and 140 nesh,
and whi ch was determ ned accordingly to4Rave a particle size range of from
210 to 297 mcrons. WD 02/ 22309 PCT/US01/28948 - 44 Charge 1 was m xed by
hand in a suitabl e cont ai ner using aTs}blaa ml ess steel spatul a until
honobgenous. : . Xt L

foll onwed 5 by 6 m Xi ng by nmeans of a ot or : ‘

gram portion of the conbination of Charggs 1 and 2 was then introduced
into an open circular nold as described in Exanple 1. The nold was cl osed
and pl aced Parhiprkate gagesrlinkeforpiEPPorde of 907 kil ograms and a

t enper at @r e O6f Ex2OiE & (1D a perl od of 30 minutes. Phé nold was renoved
fromthe pr I nt room,t gnperature (about
250), fol | cungY %‘%@é g"‘t’%f th %21“?1?3‘.&29 pad fim the ol d. The

denol ded pol i Shl ng pad was then gi verchargae2 hour post-cure at a
tenperature _qf 120 11 .5

part TCulédte ¢rosslinked polyepoxide

of Example B (i) 3.3
10 diamine curative (a) 0.57
acetone solvent 2.0

Charges 1 and 2 were each separately mixed by hand

using a stainless steel spatula until homogenous. The

15 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 iﬁto a open circular mold
as described in Example 1. The mold was closed and placed in

20 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 room
temperature (about 25°C), followed by demolding of the
polishing pad from the mold. The demolded polishing pad was

25 post-cured for one hour at a temperature of 120°(C.



Exanpl e 4 A polishing pad conprising particul ate crosslinked polyepoxide
and crosslinked pol yurethane bi nder was prepared fromthe ingredients
sunmmar i zedoom13he fol l owi ng Table 4. 20 Physical data of péo®rUp@lIIssdsi ng pad
of Exanple 4 are summarized in Table 5. WD 02/22309 PCT/US01/28948 - 45
Tabl e 4 Ingredients Wight (grams) Charge 1 particulate crosslinked

pol yepoxide 5 of Exanple B (i) 5.0 1isocyanate functional prepolynmer (d)
1.5 Charge 2 particul ate crosslinked péPyepoxi de of Exanple B (i) 3.3 10
diamne curative (a) 0.57 acetone solvent 2.0 Charges 1 and 2.were each
separately m xed by hand wusing a stafaless$ steel spatula until honogenous.
The 15 honpbgenous m xture f e and re t.hen conbined in a

sui tabl e container and m ?Q%glsfh%%{ %gé %“Q’Sr%ézé‘ﬁs 6FPH Wotor  driven | npel | er.
A 7.7 gram portiron of the conbination of Charges. I and Z waS then

introduced into a open circular nold_ as described in Exanple 1. The nold
was cl osed and placed [n 0™ %ress GHaB ®a? downf&F® fof ce of*FBFSKA | ogr ans

and a t enperature of 120C _for _a pprind of 30 mnutes. The ml d was
r emoved fro%e??éypﬁgss and %Pfowed to P08 to anbi nt*room tefip&rature
(about 25C),'9f8t1 oWéd by demol ding of the polishing pad fromthe ol d. The

denol ded pol ishing- had| was ost-curgd,for one hpour.at a tenperature of
120C. WO ozﬁéggvgg}é%/ 5017 256h8 5%3b 0453 P48

Percent Pore 23.6 29.4 23.8 22.6
Volume (1)

Average Pore 36 33 16 21
Diameter

(microns)

(m)

Shore A 98 94 98 98

Hardness (n)

Shore D 58 50 65 60
Hardness (n)

(j) Density was determined in accordance with American

5 Standard Test Method (ASTM) D 1622-88.

(k) Pore volume was determined in accordance with ASTM D 4284-
88, using an Autopore III mercury porosimeter from
Micromeritics, and under the following conditions: a contact
10 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.

(1) Percent pore volume was calculated from the following

15 equation: 100x(density)x(pore volume) .

(m) Average pore diameter was determined using an Autopore III

mercury porosimeter from Micromeritics, under the conditions



- 46 Table 5 Polishing Pad Physical Properties Exanple 1 Exanple 2 Exanple
3 Exanple 4 Density 0.96 0.89 0.94 0.92 (g/cnB) (j ) Pore Volune 0.246
0.330 0. 2863002845 (cnB/g) (k) Percent Pore 23.6 29.4 23.BCPRS@/28¥s une (1)
Average Pore 36 33 16 21 Dianeter (mcrons) (m Shore A 98 94 98 98

Har dness (n) Shore D 58 50 65 60 Hardness (n) (j) Density was determ ned
in accordance with Anmerican 5 Standard Test Method (ASTM D 1622-88. (k)
Pore vol une was determned in accordancé&’with ASTM D 4284- 88, using an
Autopore |11 mercury porosineter from Mcroneritics, and under the

fol | owi ng cGRAFEFHIRSY PrevénAvaty MRyednqgyEivfregand &e neic fefestiiddent ensi on
of 480 dynesgfecgy-anghigegassi ng of the polishing pad sanpl e under a vacuum
of 50 mcroneters of mercury. (1) Percent pore volune was cal cul ated from
the following L5 equation: 100x(density)x(pore volune). (n) Average pore

di aneter wa etel '@e S} Il I rQsj r from
Mcromeriti cs:(él‘ii under t%gac%ﬁ%f?{boﬁ%&%g%%/dﬂﬁoggg%i; lﬁéog?lzggé,?éa?mﬁ as
recited prewibbsA§TMeér eraowbl h reégardAtimitdmesdetelwenain emcess of 80,

and Shore D hardness values in excess of 35 are considered

generally to be desirable.

The present invention has been described with
10 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.

15



of pore volune. (n) Shore A and Shore D hardness were determne in
accordance 5 with ASTM D 2240-91. Shore A hardness val ues in excess of 80,
and Shor avotiza3dness val ues in excess of 35 are consi der eBCT/gs0I28ds8l y t 0 be
desirable. The present invention has been described with 10 reference to
specific details of particular enbodinments thereof. It is not intended
that such details be regarded as limtations upon the scope of the

i nventi on except insofar as and to the“@xtent that they are included in

t he acconpanyi ng ~clains. 15 WD 02/22309 PCT/US01/28948 - 48 W claim 1.
A pol i shi ngWsa8ll@®wprising: (a) particulate polynmer selected from

particulate thernoplastig Bgijyﬁqﬁglg gg&tg L ate,grosslinked polymer and 5
I nke

m xtures thereof; and (b) cross organi ¢ pofyner binder, which binds
said particul ate pol yn@l pageihdrtenhelwiar saildcpad timul phetpolhamer and

sai d crosslink ﬁggic ol yirer__bin are distributed.substantially
uni formy 15%%?%% out” gglgﬁm%%’d,pala%ﬁ ggiaalttcf ﬁggsﬁgjs'mée% roégrrq?ép%rll'&e vol une of
from 2 percenktbyeyalhareotfe &d percent by vol unme, based on the total

vol une of said polishin ad. 2. The polishin ad of claiml erein said
15 particul ate pol yrrer(b?s€§%§ ’a{’r}l‘telgaPF‘-?/arEtﬂ ipﬁgyg?rﬁfél%é"l'i g%}ﬂb% Sof
claim1l whereia sarthcypatel pul@iar tbgeompt astic polyner is selected from
pol yvi nyl chl ori de, polyvinylfluoride, polyethylene, 20 polypropylene,

nyl on, pol y&’&?ﬁ%?’%t%}l%é’la%%?&a}te BOLyR%e t9h &R Pt eos e nrdanis yani de,

pol yur et han@olymer binder are distributed substantially uniformly
10 throughout 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.

2. The polishing pad of c¢laim 1 wherein said

15 particulate polymer is substantially solid.

3. The polishing pad of claim 1 wherein said
particulate thermoplastic polymer is selected from
polyvinylchloride, polyvinylfluoride, polyethylene,

20 polypropylene, nylon, polycarbonate, polyester,
poly(meth)acrylate, polyether, polyamide, polyurethane,

polystyrene, polyimide, polysulfone and mixtures thereof.

4. The polishing pad of claim 1 wherein said
25 particulate polymer is selected from particulate crosslinked

polymer.

5. The polishing pad of claim 4 wherein said
particulate polymer is selected from particulate crosslinked
30 polyurethane, particulate crosslinked polyepoxide and mixtures

thereof.



pol ystyrene, polyimde, polysulfone and m xtures thereof.

parti cul av@ozewss| i nked polynmer. 5. The polishing pad of PCT/ason2894sher ei n

4. The polishing
pad of claiml wherein said 25 particulate polyner is selected from

said particulate polymer is selected fromparticulate crosslinked 30

pol yur et hane, particul ate crosslinked pol yepoxi de and m xt

ures th

er eof .

WO

02/ 22309 PCT/ US01/ 28948 - 49 6. The polishing pad of claim1l wherein said
particul ate pol ymer has an average partféle size of from20 nicrons to 500
mcrons. 5 7. The polishing pad of claim1l wherein said  cross|inked

pol ymer bi nder (b) is Ssel 82t RPIMEBINE RS AThKkéain pblWhgretRaflhi nder s,

cr 0SS | nkedoRol YEPONDIpoBl ALETRAB SHLIN hrthel 20Tl BcBrodapol | shing

pad of claim 1l wherein"said particulate polynmer (a) is pr

esent in

sai d

pol i shi ng padcrens tavgodr maeeenst., and sai d crosslinked organic polyner

bi nder (b) 1is present in said polishing pad in a m nor anount.

polishing pad of claim8 wherein said particul ate pol yner

(a) is

15 9. The

pr esent

in said polishing pad7.n dne mioshinefpdd arfi slapercedterbynweaight to 95

percent by weigh based on the total, weight o ald particulate
o Cand 2afrberbueth Retvitr et Thrty BieRhad i ek bedt ey
or gani ¢ pol peRyubititdarte bhhdéss preesentinked acd yppbiksdd mgnpadsiand an anount

pol yrer
20

of from5 percent by ight to 49 percent by weight, based on the total
wei ght of sEFEEPETT iCRTEPE  pol ymer (a) and said crosslinked pol yner binder
(b). 25 10. The polishing pad of claim1 wherein said polishing pad has an

averagel%ore size of from1l to 1000 m crons.

8. The polishing pad of claim 1 wherein said

particulate polymer (a) is present in said polishing pad in a

major amount, and said crosslinked organic polymer binder (b)

is present in said polishing pad in a minor amount.

15 9. The polishing pad of claim 8 wherein said

particulate polymer (a) is present in said polishing pad in an

amount of from 51 percent by weight to 95 percent by weight,

based on the total weight of said particulate polymer (a) and

said crosslinked polymer binder (b); and said crosslinked

20 organic polymer binder (b) is present in gaid polishing pad in

an amount of from 5 percent by weight to 49 percent by weight,

based on the total weight of said particulate polymer {(a) and

said crosslinked polymer binder (b).

25 10. The polishing pad of claim 1 wherein said

polishing pad has an average pore size of from 1 to 1000

microns.

11. The polishing pad of claim 1 wherein said-

30 polishing pad has a work surface, said work surface having

surface features selected from channels, grooves, perforations

and combinations thereof.



11. The polishing pad of claim1l wherein said 30 polishing pad has a work
surface, said work surface having surface features selected from channels,
grooves, wepi/za3ed i ons and conbi nati ons thereof. WO 02/ 223POT/BSNi/18%31/ 28948
- 50 12, The polishing pad of claim1 wherein at |east one of said
particul ate polyner (a) and said crosslinked organic polyner binder (b)
further conprises an abrasive particulate material. 5 13. The polishing
pad of claim 12 wherein said abrasive plrticulate material is selected
from al um num oxi de, silicon carbide, titaniumdiboride, boron carbide,
silicon nitride, tung3tenTkamsldehingtkad ¢h ehabn devhgrampmt 15656n 10

nitride  gaGAE!oe fdised BLuILIAL LEODRE: &D! LGB ol IR Erce £l O &
ceria, zirconla, titania, tin oxide, nanganese oxide and m xtures thereof.
14. A poli skrggnpadcdompri simigr I5) ( hripget icombai eepeinymbrasitvect ed from
particul ate aﬁ‘]% i.nked pol yurethane, particulate crosslinked polyepoxide
and ni xt ur e§*thet 6o : ](qb%l ‘crosslinked organi c pol yner binder sel ected
from crosslinked pol yuret hane bi nder, crosslinked pol yepoxi de 20 binder
and m xtures thereof, said_cr %?ﬁll_i nked organi c gpl ymner _bi nder binding said

particul ate pol yner tddet h&te ePBITY RAY PaPt rHli i ¥PF5RIIei2hd sai d

crosslinkedagigaiVve papeh ¥ibitdiRderial e dighiebbog efrswlibg banhhal dypadni formy
t hroughout said pad, and said pad has a percent pore volume of 25 from 2

percent by F3lufie? (5 HOBer iy doParle bReEE off e t Bt CPol une of
sai d pol i shingrpad, degsT8e RAMiZAI NG: LA R cs&cﬁma,lfhi\é{agﬁgl, NSt

crosslinked particul até pol yuret hane and said crosslinke
10 mnitride, garnet, fused alumina zirconia, silica, iron oxide,

cromia, ceria, zirconia, titania, tin oxide, manganese oxide

and mixtures thereof.

14. A polishing pad comprising:

15 (a) particulate polymer selected from particulate
crosslinked polyurethane, particulate crosslinked pplyepoxide
and mixtures thereof; and

{(b) crosslinked organic polymer binder selected
from crosslinked polyurethane binder, crosslinked polyepoxide

20 Dbinder and mixtures thereof, said crosslinked organic polymer
binder binding said particulate polymer together,
wherein said particulate polymer and said crosslinked organic
polymer binder are distributed substantially uniformly
throﬁghout said pad, and said pad has a percent pore volume of

25 from 2 percent by volume to 50 percent by volume, based on the

total volume of said polishing pad.

15. The polishing pad of claim 14 wherein said
crosslinked particulate polyurethane and said crosslinked
30 polyurethane binder are each independently the reaction
product of a two-component composition comprising, (i) an
isocyanate functional first component comprising an isocyanate

functional reactant having at least two isocyanate groups, and



30 pol yuret hane binder are each independently the reaction product of a

t wo- conponent conposition conprising, (i) an isocyanate functional first
conponentw@onp3dsi ng an i socyanate functional reactant hpeTH§01ZA8948east two
i socyanate groups, and WO 02/22309 PCT/US01/ 28948 - 51 optionally a
capped isocyanate reactant having at |least two capped isocyanate groups;
and (ii) an active hydrogen functional second conponent conprising an
active hydrogen functional reactant ﬁaé?ng at |east two active hydrogen

groups 5 that are reactive with the isocyanate g&oups of the isocyanate
conponent . PBETRR130R SAPRRS pleP Rt i tRars 2tk ef ¥ % &tdLeefoddd nked

particul at e cagh¥@pPddganans sRiubsGr 088! {nkednlQc-poly eRexbgdenbi nder are each
i ndependent |y the reaction product of a two-conponent conposition

conpri si ng, fPRChionple 56%2PHE@ CIRTERRENaPNHYisdng camptidive BYHPPIH ng an

epoxi de fungih,opabna 1 agkalt: NAVERG 2t 1883 {Yo. &P igd%g&p%lroﬁgg (i)
an active hydrogen functional secdnd conponent conprising an 5 active
hydr ogen 5f usbat omeg neegstiwatwitdvithg asodweamsttet swoowasd iofe thhydsogemagroups
that are re%%%.¥§1%4th t he epoxi de groups of the epoxide conponent. 17.
The polishing pad of claim 16 wherein the 20 active hydrogen functional
reactant of the second conponent (ii) has active hydrogen groups sel ected

from hydroxyl, primary amjne, secondary am_ne and m xtures thereof; and
the active hydrogen ﬂénc?ﬁﬁhipiﬁﬁgb?%ﬁ¥“%9ftﬁ%ag%éénﬁkﬁﬁﬁﬁ%ﬁgﬁﬁ (ii') has

active hydr egesspiriyes paet esled o Honyayskidey bnd 285 GaldRe%¥l iskaLi d, primary
am ne, secondary amine_and m xtures_ thereof. 18. The polishing pad of

cl ai m 17OhBPEYPPILYF LhRTeT @ncare Pol BirReFEnELn Stheh EPAFE OB dGFUCEai d
particul at eo£3Q PRIWRENES: AbrRVBEE a986n R Lens) 26 9f hir 0pR:dQid 0 500

functional first component comprising an epoxide functional
reactant having at least two epoxide groups; and (ii’) an
active hydrogen functional second component comprising an

15 active hydrogen functional reactant having at least two active
hydrogen groups that are reactive with the epoxide groups of

the epoxide component.

17. The polishing pad of claim 16 wherein the
20 active hydrogen functional reactant of the second component
(ii) has active hydrogen groups selected from hydroxyl,
primary amine, secondary amine and mixtures thereof; and the
active hydrogen functional reactant of the second component
(ii’) has active hydrogen groups selected from hydroxyl,
25 carboxylic acid, primary amine, secondary amine and mixtures

thereof.

18. The polishing pad of claim 17 wherein said
particulate polymer is substantially solid, said particulate
30 polymer has an average particle size of from 20 to 500
microns, saild particulate polymer (a) is present in said
polishing pad in a major amount, and said crosslinked organic

polymer binder (b) is present in a minor amount.



m crons, said particulate polymer (a) is present in said polishing pad in
a mgj or anount, and said crosslinked organic polyner binder (b) is present
in a mnowoarnesnd. WO 02/22309 PCT/US01/28948 - 52 19. raeupalissss ng pad
of claim 18 wherein said particulate polymer (a) is present in said
polishing pad in an anpount of from 51 percent by weight to 95 percent by
wei ght, 5 based on the total weight of said particulate polyner (a) and
sai d crosslinked pol yner binder (b); sard crosslinked organi ¢ pol ymer

bi nder (b) is present in said polishing pad in an amount of from5 percent
by weight to 49 percent by weight, based on the total weight of said

particul ate polyner (ap.anthdGaisdissass] i0tkedanel WeheREDEdai(d); and
sai d polishing pad has an average pore size of from1 to 1000 m crons. 20.

The pol i shi R§Tpae'GitcPalNad (Herlsi Rreemnr ior 6354 ipWdehdngamE fsokbyner
binder (D) lahobhOSSH 1eaeds1 S A 8L IR0 RACEs AL Qgce‘v@isg%le nked

pol yuret hane binder s the Teaction production of” an isocyanate functional
react ant Shavragdatn |td@stotab wsindyanit saigt eapsicahatavgtcdyme?1(a)Thad

pol i shing pad. qf ' 4 _wherein i 20 .polishin d_has a wor.k
surf ace, sa% l§g?{?%§}?b%8% ?éi%%ﬁf %gﬂg:%cgﬂfeg ﬁ?é§g§%ﬁé€F3§ 1B Channel s,
grooves, pepbdyat¢r drisideandbloidiprakeonsid haridobol 22iingThadpihi=shi ng pad of
claim 14 wherein_ at_|least_ 25 one of saj articul ate polyner, (a) and said
crossl i nked *"gF3ari% fﬁSF‘yrr‘re‘?e%‘f%e?’Y( ?S‘?ls(fltffttﬁe?‘%%‘?ﬁcﬁ%e? aYieJaédT‘)asi ve

parti cul at e paBkerdmlthe? 8ot dhevdiefnits BE Nga Rt i 6h BB 2219hereid) Saigd 30
abrasive particulate material_is selected from alun numoxide, silicon
car bi de, 1% i A UTEWHIPKEE, PHofsT LareFHelP)si PReotRIGhiPOLigBing BAgst en

carbi de, titapi shLHaAGEepor aMRdoberQN 1 Rbt 1b88 miGRIJAgt . fused al unina

zirconia, silica, iron oxide,
20. The polishing pad of claim 14 wherein said
crosslinked organic polymer binder (b) is crosslinked
15 polyurethane binder, and said crosslinked polyurethane binder
is the reaction production of an isocyanate functional

reactant having at least two isocyanate groups, and water.

21. The polishing pad of claim 14 wherein said
20 polishing pad has a work surface, said work surface having
surface features selected from channels, grooves, perforations

and combinations thereof.

22. The polishing pad of claim 14 wherein at least
25 one of said particulate polymer (a) and said crosslinked
organic polymer binder (b) further comprises an abrasive

particulate material.

23. The polishing pad of claim 22 wherein said
30 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,



WO 02/ 22309 PCT/US01/28948 - 53 croma, ceria, zirconia, titania, tin
oxi de, manganese oxide and m xtures thereof. 24. A polishing pad assenbly
conpri si MO 052389 a pol i shing pad having an upper work supP€BRTSIU/ZBME a | ower
back surface; (b) a backing sheet having an upper surface and a | ower
surface; and (c) an adhesive neans interposed between and in 10 adhesive
contact with the | ower back surface of said polishing pad and the upper
surface of said backing sheet, wherein Sai d pol i shing pad (a) corrpri ses
(i) particul ate, pol yner sel ected fraom particul ate thernopl astic

particul at e GBSt |‘¥ﬁ<’€tf" ‘Ziﬁc%’r%/néﬁltaﬂﬂam%nuf’éédtahé?aé'%ﬂaneéﬁdo’ﬁc{)

crossl i nked QugankeaRY WiRhk-eBENder, which binds said particul ate pol yner
toget her, wherein said particul ate pol yner and said crosslinked organic

pol ymer binder are distributed substantially uniformy 20 throughout said

polishing pad, and saig poki ﬁgi Q@dp?@sa%engg cgg&npﬁ%rl g.vol ume of from 2

percent by volume to 50 percent y “VO bas fotal vol une of
sai d polishing pad. 25a)Therpblstsinongapaiasgenbl yppér clcakns@dfadeerein 25

said adhesi e .means i.s bsa%lkeg gg from an adhesive assenbly conprising, an
upper adhesive. |ayer in Contact With the back surface of said pol i shi ng

pad, a | ower adhesive (ayer backngarshaet watimgt be upper ssinfhaeeamd asai d
backi ng sheet, and adhesi ve support sheet interposed between said upper
and | ower Bgogaﬁe?il%aqeay@i“é; and an adhesive layer. 26. The polishing pad
assenbly of claim24 wker ahnadhd veamnbissl @R rpobydese@fectabad pal i shing pad

is sel ect ed from WD 02/ 22309 PCT/ USQ1/ 28948
10 adhesive contact with the lower back surface of said polishing
pad and the upper surface of said backing sheet,
wherein said polishing pad (a) comprises,
(1) particulate polymer selected from
particulate thermoplastic polymer, particulate crosslinked
15 polymer and mixtures thereof; and
(ii) crosslinked organic polymer binder, which
binds said particulate polymer together,
wherein said particulate polymer and said crosslinked organic
polymer binder are distributed substantially uniformly
20 throughout said polishing pad, and said polishing 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.

25. The polishing pad assembly of claim 24 wherein
25 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 upper surface of said backing sheet, and an
adhesive support sheet interposed between said upper and lower

30 adhesive layers; and an adhesive layer.

26. The polishing pad assembly of claim 24 wherein

the particulate polymer of said polishing pad is selected from



- 54 particulate crosslinked pol yurethane, particul ate crosslinked

pol yepoxi de and m xtures thereof; and the crosslinked organic polyner
bi nder ofw@at/ek3pol i shing pad is selected from crosslinkeBCpokyursetshane
bi nder, crosslinked pol yepoxi de 5 binder and m xtures thereof.

- 54 -

particulate crosslinked polyurethane, particulate crosslinked
polyepoxide and mixtures thereof; and the crosslinked organic
polymer binder of said polishing pad is selected from
crosslinked polyurethane binder, crosslinked polyepoxide

5 Dbinder and mixtures thereof.



