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chem cal mechani cal planathation (MEP) and rel ates specifically to
pol i shing pads for use h CMWP and made of inm scible polyners.
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BACKGROUND OF THE INVENTION

0003 In modemn inlegrated cireuit (IC) fabrication, lavers of material ave applied {o embedded
stractures previously formed on semiconductor wafers. Chemical Mechanical Planarization
{CMP) 15 an sbrasive process used 1o remaove these layers {or portions thereof) and polish the
resulting surface 1o achisve a desired structure. CMP may be performed on both oxides and
metals gnd generally involves the use of chemicgl slurries applied in conjunciion with a polishing
pad in motion relative 1o the walkr (8.2, the pad rotates relative 1 the wafer with the shusey
dispersed thevebetween), The resulting smooth flat susface is necessary to maintain
phatolithographic depth of focus for subsequent wafvr processing steps and 10 ensure that the
metal faterconnects are not deformed over contour steps. Damasceue processing requires metal,
stich as tungsten or copper, 10 be removed from the top surface of a dielectsic fo define

interconnect structures, using CMP.

{0084} Convenpional polishing pads are made of polymers, typically urethane, either in cast form
and filled with micro-porous elements or from nop-woven felt coated with polyurethanes.
Dusing polishing operaiions, the polishing pad is rofated while conlacting the wafer, which is
also rotating, thus effecting polishing. Many pads have structures to provide for distributing

starry under the wafer during these polishing processes. Such shurry distribution structures



[ 40041 Conventional polishing pads are nmade of polyners, typically
urethane, either in cast formand filled with m cro-porous el enents
or from nowowowansfrel t coated with pol yurethanes. Duri neCTpas2n®ivingd
operations, the polishing pad is rotated while contacting the wafer,
which is also rotating, thus effecting polishing. Many pads have
structures to provide for distributing slurry under the wafer during

these pol,ishing pracesses stri ution structur
D000, 130T RG0S gl i otk Wbl Ui P B EE SRt o
i ncl uded sbyaiaddirg, iB@ ot §¥6uUEh SOnRbRIBRL §F iﬁi%bl@e ek ediddy dsitng ;ﬁ’a&@ﬂt
5,578,362 or through. the i nt roducti on of bal es formed dur] ng a

cast i nglfér bewy s, %"@n@* degtibeitthpuwed seusrdied e dophergs@ingg molding
supercrli,§ ,f &£a CO2 to than pores during nolding processes. [0005f
Buring "pol i shing, the polishing pad material undergoes plastic

def or magy b@g M‘rﬁ&v r#gﬁéiﬁ':%, Q}%Hﬁigt:lfiﬁx‘r ﬁat héi@ﬁ Urctdr E&@@QPL dﬁ&lsﬁﬁﬂb ﬂ&t leads to

ability. I on urin I ng proce
resul t sdqiwcmwn optheged's phiethong angtndim e e, mudn&tnragziazx dirmsm ;tqiismhg

ate, toguearnt Bk Pent s BERIE bR o B R s AR bR b

consi stiendc@ablisall aidy pet hotinenessemiohd rpel | shing pad surface is
periodically abraded (or conditioned) with a disk covered with fine

grit di@sedidspakt icckase pﬁhauw@m&dmt afdisdhiserahdidon pniishlsg detformenoye
| ayer, of the p d.res e te t he

LL‘?f \Qgrefgg Bﬁ*‘g“émévé’a%ﬁ‘if&f %ﬁ?ﬁ‘@i !gialgrﬁb%ii ?éﬁpt <Siwf§ii§ t@%ﬁﬁ%ﬁ?tﬁﬁiﬁ%’? b fine

proces Sg%ﬁ daﬁm\wﬁmmcm%%ﬂmi QF suBR LS AEheRE RECHIEShE RPN M N e
pads. I'n the caSe of soft pads, however, conditioning processes are

not as mElend sswepthe dexaa of te tap rwrface sorid tq gfscbsusistenhpoilisadusk ef ul

! '_t hti miﬁdﬁt‘zmﬁg %p)ug abSare §W&e@ﬁ»§ﬁﬁs}h[}§/ 5’&;&!\‘! sonploving hard pads. In the

case of soft pads, however, conditioning processes are not as well accepted and, as such, tend o

result in reduced usefid Hfetimes of such pads,

SUMMARY OF THE INVENTION

{007 The compuosition of polishing pads for use in chemical mechanizal planarization (CMP)
as well as methods of their manufacture and use are heretn provided. In one embodiment of the
invention, 8 polishing pad or polishing element/surface of a pad is made from a combinaton of
polyurethane and polvolefin, where polyurethane is the bulk phase and polvolefin is the
dispersed phase. The bulk phase material (polvarethgoe) mav bave particles less than 100 nm in
size, while the stze of particles of the dispersed phase may be greater than 1000 am. The
dispersed phase polvmer {e.g., polvolefin or a blend of twe different polvethylene materials) is
preferably immiscible within the bulk phase polymer (polyurethane) and is refeasable from the
podishing pad during polishing, thersby cansing areas of mivroporosily on an sxposed surface of
the polishing pad. The polyolefin matedal may include a polyethylene material andior &

polypropylene material,
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1100071 The conposition of polishing pads for use in chem cal
mechani cal planarization (CNIP) as well as nethods of their

manuf act urwoan®/eses are herein provided. | n one enbodi meETTUSANDAGSL

i nvention, a polishing pad or polishing elenent/surface of a pad is
made front a conbi nati on of pol yurethane and pol yol efin, where
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melt index of the second polvolefin material may be greater than or eqnal to 25 and the melt
index of the polyurethane material greater than or equal to 15, More specifically, the ratio of
melt indices of a first one of the polvolefin materials to the polvurethane material may be less
than 0.2 while the ratio of meli indices of the second one of the polyolefin materials to the
polyurethane material may be greater than 1. The ditference befween the hardoess of the

polvolefin materials and the polyurethane material may be fess than 13 Shore .

{0812] In vet a tuther embodiment of the tnvention, a polishing pad may include a polywrethane

material with a melt index greater than 15 and a glass transition temperature (1) below room
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100111 In still other enbodi ments of the invention, a polishing pad
may include one or nore polishing el ements made from a pol ynmer bl end
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WO 2009/ 134775PCT/ US2009/ 041944 of 035. Alternatively, or in
addition, the domain size of the first polyoletin materials may e
greater thap20@1BK7and the domai n size of the second pdCrAsheDiomno44
material may be less than 10 nm |19016f During pad manufacture, the
two pol yners may be m xed together and the resulting m xture injected
into a. nold cavity to formthe pad or polishi ng el ement The rel ative
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j0018] These and other embodiments of the invention are described in greater detai! below,

BRIEF DESCRIPTION OF DRAWINGS

{1015] The present invention is iHustrated by way of example, and not limitation, in the figures

of the accompanying drawings, in which:

{00268} Figures 1(a) and 1{l) show cross-sections of different classes of polishing pads which,
despite their differences, may be manufactured and used in accordance with embodiments of the
present invention;

{00211 Figure 2(a) shows a magnified view of a polishing pad or polishing element/surface
made of a polyurethane-polyalefin blend in accordance with an embodiment of the prosent
invention;

{0022} Figare 2(b) shows a close up of a single dispersed phase particle in a matrix of &
polishing pad or element, consistent with ap embodinent of the present invention; and

{38231 Figures 3-8 show inspection rasults for & parnt of a polishing pad/element made consistent

with embodiments of the present invention and subsequently cross-sectioned and inspected with

a scanning electron microscops (SEM).
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100211 Figure 2(a) shows a nmagnified view of a polishing pad or
polishing el ement/surface nmade of a pol yurethane-pol yolefin blend in
accor dancewwi2odv/iasv7enbodi nent of the present inventi on;PCIDTR2EM9/0FI%4r e
2(b) shows a close up of a single dispersed phase particle in a
matri x of a polishing pad or el enent, consistent with an enbodi nent
of the present invention; and 10023) Figures 3-5 show inspection

resul tﬁ%%?é*gFBa‘#’sg‘fhﬁl | shi ng pad/ el enent nmade consistent with

enbodi esent i nvention and subsequent |y cross-sectioned
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Pol i shing pads of thi's vari ety provide multiple surface nDdlflcatlons
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surface modifications o effect shary distribution across the surface of the pad.

{0626} Figure I(h) shows a cross-section of a polishing pad 108 made by SemiQuest, Inc. This
polishing pad 108 18 an enginecered structure gnd 13 deseribed tn U8, patent application
11697622, filed DE-APR-2007, assigned to the assignee of the present favention and
wcorporated herein by reference. Pad 198 consists of polishing elements 114, whichrestona
compressible under-foam 114 and are supported in vertical ordentation by a guide plate 112,
Polishing action is provided by the polishing elements, which are made of a solid palymer
material, while shery distribution 13 effected by the open spaces betywecn the polishing elements.

The open space is filled with open cefl foam.

{00271 In accordance with embodiments of the present inveniion, the polishing surfaces 104 and
116 of these two different polishing pads may be made advantageocusty by using materials

desertbed heretn,

{30287 Figure 2(3) shows a magnified view of a polishing pad or polishing elementfsarface 200
made of a polvurethane-polyalefin blend. In this case the dispersed phase 201, which may be
polyolefty, is disteibuted in a matrix or bulk phase 203, which may be polyurethane. In a well
mixed syxfom, the size of the particles that make up the dispersed phase ts on the order of 15-20
microns and the phase boundary 202 is distinet. Figure 2(b) shows a close up of & single

dispersed phase particle {n the matrix. Due to Jarge differences in polarity mwd interfacial tension,



100261 Figure I.(h) shows a cross-section of a polishing pad 108 nade
by Sem Quest, Inc. This polishing pad 108 is an engi neered stntture
and i s deswoizb@dsims U. S. patent application 11/697, 622 pdriuseeho/041944
06- APR- 2007, assigned to the assignee of the present invention and

i ncorporated herein by reference. Pad 108 consists of polishing

el ements -110, which rest on a conpressible under-foam 114 and are

supported. in.vertical orientation by a guide .plate 112. Polishing,
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open spaces between. the polishing el ements. The open space is filled
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di f f er éht ahspidgwrihed BodsuREGshEchgeons ) AT apdshion g cpprissr pylaces made
mat el i ai}&nﬁ%ﬁﬁﬁiﬁpﬁg%c?&rag{hﬂﬁ%’&%ﬁ%&l»’ﬁl‘e@fﬂ)ﬁz@, x%%e@& shows a magni fied view

of a polishing pa shing el enment/surtace 200 nade of a.

pol yur et hane- pg )1 68 Nk 2, 1R i yhase. x
hhi oh ey be bl oaary B EEShuekly bIS pER e I VRN B B Rt i
203, which may bésptlaydrethane. In a well mxed system the size of
the particles that nmake up the di spersed phase is on the order of

10- 20 m crons @ndbettheiipasetbdumdan yur202n4 is gathist thae { C00Rogudsepe? (ipre
shows a cl ose up.o‘je a.single dispersed phase particle in. the matriXx.
Due. to large di f‘f“#%‘“ﬁ)zes in polarity and interfacial tension, WO

2009/ 134775PCT/,U92009/ 0419 the interface is spmoath the two

surfaces show 4‘?§)J§§3 é‘gﬁagw.‘ﬁ‘éﬁi‘ %]‘%F?W”ﬁ@f‘ﬁ i& ﬁggggﬁ@" Bﬁﬁd’é‘& back from

e e e e il G i S B T e e

above-described configuratians) .incluydes one or 0o olishin

ol ement s o Suld JEdoTTHI IR Mo AR BPERTHGR BB gioat PHoSng

pol yuret hane, where (1) the ratio of the viscosity qf the polyolefin

to the 1§7i5§‘383?*‘f‘§/ z!gfpuﬁ‘\ffé@zb‘:d:l{%)@pteqrﬁgwé@lpgngggimfzjﬁéﬁygﬁﬂ-a By v umg{ gl\}su? 1w
some instances, the polyolefin may be polyethviene or polypropylene. Surface features of
varieas types may be Tormed on the top surface of the pad (e.g., during or after fonmation of the

pad), for example by machining the top surface of the pad.

[0038} A further embodiment of the invention provides a polishing pad having one or wove
polishing clements or surfaces made by dispersing polyolefin particles in isocyanate or polyol
prior to a urethane formation reaction. In such a pad, polvolefin particles may be 10~ 200
WICEOnS i size, the tensile strength of the polywrethane may be grester than 1000 psi; the
fexural modulus of the polvurethane may be greater than 2000 psi; and/or the shore D hardness
of the polyurethane may be greater thaw 28, In such a pad, the polyolefin may be polvethylene or

polypropylene.

{0311 Sutll another embodiment of the invention provides a method of manufacturing &
polishing pad such as those discussed above using njection molding, exfrusion, reaction
injection molding, or sintering. In these various instances, polyolefin particles mav be dispersed
i & prethane precursor pus prior in a wrethane forming reaction; polyolefin and thermoplastic

polvursthane may be melt-mixed and subsequently injected into a mold to form the pad; andéor



(2) the tensile strength of the polyurethane is greater than 1000
pounds per square inch (psi); (3) the flexural nodulus of the

pol yur et hawe 20¢9/1g¢8at er t han 2000 psi; (4) the shore]) Hardsresn4vhd

t he pol yurethane is greater than 25; aid/or (5) the donmain size of

t he di spersed pol yolefin phase is 200 mcrons or |less. In sone eases,
t he poI on efi n content of the poI i shing pad may be 1 - 35% by vol une.
Al so, i

ol ypr oy TENE: QT PAEER s BE A G el S B IR BE v rireing e
top surdsad&xwdfintietpadd.(e. 9., during or after formation of the pad),
for exanple by machining the top surface of the pad. 100301 A further

enbodi n@os2jodiit hRctharvatbliidRopoiys dﬂ&nzﬁm@%d@d&iawhﬁa@h PaMishBg@Re vohare
nor e pO|IShIn el enents_or SU{faces made by di spersing polyoletin

parti clR&siRS ﬁ%\&g’»aﬁawaﬁw PleyBIm ﬁmﬂ@wttw%* irebinisie g PrieERne where
reacti ofle sl iRUG h&tﬁ’s‘ &%@3\: QQ:‘%XQ k}&t u@thﬁ@é itsflé:“,lz 82n Wiiﬂ@n&i Bdex C%QQ.»

mcrons in S|ze the tensile s reng he po %uret hane my
gr eat erpaiwdefimiodos wsn or ganal P Serurt &b nwﬁdieﬂms;ﬁ 8 pohergilsing mmm%émm:y

be gr ege%qgfﬁi t%h@nhg%gﬁ)uﬁ& Lees2d) 8!'2:0 ES1@@%5‘3)0%;@@{&9@&5@13}}%&%:& anﬁi the

pol yur ane £8r R

111 ay bedipel g&étohythe péydmtzqn @ﬂuthrz ppipbetden: 2908al8 a8t ifdr bahos Hen 13 \hure
enbodi rrﬁnt of the invention provides a nmethod of nmanufacturing a
pol i shing pad such as those discussed above using injection nDIding,
extrusign,..reaction in I nteri.n

vart oust i ERaeaRh sy i BRIV FEREs M Bl eRpving S or more
ur et hang:RKEE WeSOhts & MrREesOhadeQrd@n a Yhiehamend &Ti@hffb@i»{ﬂﬁﬁ% EQNolyurethane
pol yol ef i n and thernopl astic¢ ﬁ‘gl yur et hane may be nelt-m xed and

subsequahi'e einglidpdesdainpir Bshoiepithy Wﬁﬁﬁiﬁéﬁtﬁaﬁs togpgpeyurethans is tess

than 0.2, and the mell index ratio of the second one of the polyolefin maienals to the
polyurethane is greater than 1, where the melt index of the first polyolefin material is less thap or
equal 1o 3, the melt index of' the second polyolefin material 1s greater than or equal fo 25, and the
melt index of the polyurethane is greater than or equal to 15, Either, or both, of the polyolefin
materials mav be polvethylene or polypropylene. For example, in some cases, a1 least one of the
polvolefin matesials is polypropyviene. The hardness of all polvolefin and pobrurethane materials

may differ by less than 13 Shore D,

{0034} Sul o Ruther embodiment of the present tnvention provides a method of making a sohid
polishing pad containing two distinet phase sizes, one Jess than 100 nm and another greater than
1008 nm, by mixing polyurethane having a melt index greater than 13 with a first polvethvlene
material having & melt index of 23 or greater and 4 second polyethvlene material having a melt
index less than 3, and subjecting the mixture to melt mixing in an injection molding maching or
extruder before injection into a mold cavity. In some cases, the polyurethane mayv have # glass
fraosition femperature (TR) below room temperatuwre, Likewise, the polvethelene may bave aTg
below room temperature. In some cases, the hardness of the polyurethane and polyethylene may

differ by fess than 13 Shore D,

{0035} Anciher embodiment of the present invention provides a polishing pad having one oy

move polishing elements or surfaces made from 2 polymer blend of two polyethvlenes and



WO 2009/ 134775PCT/ US2009/ 041944 pol yol ef i n and t hernopl asti ¢ uret hane
may be m xed in-line in an injection nolding machine used for formng
t he pad. ™MOQ8R43HBrs|I |1 a further enbodi ment of the. | NweTIuSE09/041944
provi des a polishing pad having one or nore polishing el enents or
surfaces made from a pol yner bl end of polyol efin and pol yuret hane
mhere the nelt index ratio of polyolefin to polyurethane is less than

ex of oIean s ss .th or e 3, and
Che neietFbsRegT et el uE R et €9t efpon fiedrm S e 15, T
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and t he hardness of both the Fh yol efin_and the pol urethane
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25, andhé hepdiel-d mbiogday) wly 88 WWgrwkhane is greater than or equal
to 15. Either, or both, oldie polyolefin materials may he
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one of the polyolefin materjals is poly pyl ene. The hardness of all
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1. 000 eat er
i on a b pafleld PRl 1 R IR0 8o b 8 g iR Bl Rest®
gr eat erthang @;zseccb,ntie palt yelel i e eecond el Eeimamnmgdi a.s greditr :Emdem Ldss
t han 3, .and ct t he xture . to nmelf mxin i i on
b i S n MR Bl s B (R Be DU BG4 gy pr U 1 S he et e
SOME  CaFe s pcdhNBeiRMeSh AN TR, dBAMR:. 3hE h‘;asmxt;ﬁ@mastdm{b ﬁz@ﬂ%ﬁfe@{s e
(11.) below roomtenpérature. Likew se, the polyethylene maﬁ iave a
e

Ts bel dwiteisdmay SmsEnie dhas 209 Migo ke Saseal t“‘%*d\@”ﬁﬁﬂtﬁrféwéd’ph’ﬁ ene
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[00351 Another~e I ment he present 1nvention provides a

pol i shidifepeats haviagtho naias hnsnesspoifithdricspoatenemidsioraydurifdbes: Pade
froma,pol yner blend of two polyethylenes and WO

2009/ 1§§5?75PCT1U820091041944

{0037} In various embodiments, the present invention provides a method of introducing in-sity
porosity in a polishing pad; means for modulating sizes of pore sites generated during
manofacturing; and a polishing pad microstructure. A method of creating such microstructure

with much reduced or no conditioning requirements is atso provided.

[0038§ Others have described mixing polymers to modify mechanical properties of ¢ polishing
pad. For example, U.S, Patent 7 438,636 discloses mixing a ower modulus polvimer in a bigher
modutus polymer malrix to improve toughness properties of a polishing pad, U8, patent
7,371,108 describes dispersing an elastic phase in the mafrix fo improve polishing performance,

In these modifications it 15 important for the dispersed phase to stay incorporated inio the matiix,



pol yur et hane where a ratio of nelt indices of a first of the

pol yet hyl ene materials to the polyurethane is less than 0.2 and a
rati o of nwbt2odondimes of a second of the pol yet hyl ene reiTews2609m4 1084

t he pol yurethane is greater than |I. where the nelt index of the first
pol yet hyl ene material is less than or equal to 3, the nelt index of

t he second ponetherne material is greater than or equal to 25, and

the nelt e t he. pol uret reater than.ar e

e horttdsuenged prgbaei O R aenay Batis arae diongen fueB g it
har dnesgamik utib st EikheRAHEL PO BAR: AR dudh 2 9BYoIPE B ©atBx 60 or

| ess. The hardness 1, 11 the second pol yet hyl ene material may be.
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[ 90401 From these references, one could devise two nethods of
incorporating alternate polynmers into a pad 'matri x. In one,

i nsol ubl e wol2geess7ar e added to nodi fy nechani cal propedieomiirdpad
and participate in polishing while the soluble polyners dissolve into
t he polish medium and generate porosity. In the other, insoluble
polymers that are used for the dispersed phase have carefully chosen
properties, such as hardn and Tq, etc

G St nctity® AYReH BR e R G beE e PR R Miepisnyierm g ok fag gios o
i nproveg:inkghani cal properties. 100411 Herein, however, is disclosed
a nethod of selecting polyners based on interfacial interaction mel t
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parti alhy 86 bibQuat atham(ﬁ«% BleRunr ERROEF BN RIeOhs B S eREES§REy mer extraded
invention utilize inmscible polyners where the approgriate domain WO

2009/ 13211?BP@W&EE@@W@M@MY’%‘W@‘lﬁsf«hf@fﬁﬂébé@wfé‘@l véém»ﬁgeétch@m}
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machi ne, actual nelt viscosities, as well as the relative ratio of"’
melt viscosities of the two phase€a=1RgMILs For pol yners, inportant
paraneters that determ ne the size of the dispersed phase are
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t he VISQ S ek S Lhe viscasi
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di anet er .2 nutt) when a standard weight (2160 grans) iIs

pl aced asm gmé raf;m ahgu pais b mixing unit (such as an injeciion molding machine or extruden,

fefluence the size disiriibotion of the dispersed phase.

[0046] Porosity is an inportant aspect of polishing pad structare, In the absence of porosity, the
potish rate is vory low. For example, a non-porous pad used to polish a wafer with a silicon
dioxide film, when pressed against the pad at 3 psi down force and 3¢ rpm pad speed, may show
Toss than 200 A/min removal rate. When a porous pad is used under the same conditions, the film

removal rate way be greater than 1000 A/min.

il



j 00451 The capillary nunber Ca represents the relative effect of

vi scous forces versus surface tension acting across an interface and
IS given BWo2200/13477Rn, ,, Tia where R is a characteristi QV@zhe4ise,
nit, is viscosity of the matrix, Y is the defornmation rate of the
matrix and a is the interfacial tension. Wien Ca exceeds a critical
val ue, droplets break up For a given system the higher the shear

force, e..hi gher the I e f the matrix cons ently
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size of the smaller domaing should be no more than 0.5 microns and, preferably, in the range of
HIY am - 200 nm. Sharry reservelr dowatns, on the other hand, need 1o be lasger by 1 - 2 orders

of magnitude 1o provide stable sturry flow during polishing.



1100491 The present invention provides a poli Shing pad m crostncture
that requires mnimal (if any) conditioning. As indicated above, the
present pawoconassts of at |east two distinct, dispersadTHmIeNons1944
si zes created by m xi ng pol yurethane with two pol uol etins havi ng
different nelt indices. One of the domains has particles ofl mcron
or less, and pref erably less than 100 inn" and the other domain, has

particl.es. of 20 m,crons, . and. pref er abl Xi ely 1,0 m.cro
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WO 2009/ 134775PCT/ US2009/ 041944 [0053] In still another enbodi nent of
this invention, the matrix polyner is |,tabrizol Estane 58144

pol yur et hawe 20aw134772 nelt i ndex of approxi mately 20) amRCT6E2009/041944

di spersed phase (conprising approxi mately 10 percent by weight) is
Dow Fl exenmer DFDB1085 NT, a very |low density polyethyl en&utene (with
a nelt index, of approximately 0.75). The two materials wer e m'xed in

an inj i di ng nmachi.ne t o oake pol | h| n ]
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only be rreasured interms of the clains, which follow CLAI M5 Wat

i s cl ai keadiveii-mixed opague parts were created. The parts were cross sectioned and SEM
nspection of the parts showed round shaped dispersed phase particles of approximately range 5~
15 microns. Most cavities showad smooth walls, indicating the polyethylene particles did not

adhere fo the malrig,

[COSS] Thus, a polishing pad for use in OMP and made from a cambination of polyurethane and
polyolefin, where polyurethane is the bulk phase and polyolefin is the dispersed phase, has been
described. Although discussed with reference to various examples, the present invention is aot

intended to be Himited thereby and should only be measured in ienms of the claims, which follow.



1. A polishing pad for use in chem cal nechanical planarization
(CWP), conprising: a first polyner, wherein the first polyner is a
bul k phase; and a second polyner, wherein the second polyner is a

di spersed phase, is inmscible within the first polyner and is

rel easable fromthe polishing pad during polishing, thereby causing
areas of mcroporosity on an exposed surface of the polishing pad,
mhereirlédﬁﬁgirst polymer is a polyurethane material and the second
polymer 15 @ polyolefin material wherein a surface of the first

pol ymer venshisblkimgR0 adhesion to a surface of the second pol yner, and
wherein particles of the second polyner are pulled back from an

i nt er f aces PEEMRERAG td BseILERRARaIRRLYINRE pRRAFZ4S (VA TomBRInY: ¥ st polyéner, TNE
pol i shi RgeiMtheatst Sditels boulBRisiaRd & BRoRQbYALElARNRE &lchilpolyFerdd a | €aSt
one of aisp@baihing! 1 MenistiletNithiA the@REpoRmBPANY RIOPMLIEO R RE BlikiMg pad durind NE
pol i shi pgiishng tietebs bakifg dreas RicRbElodith 6n MUXYREES I BcaTRING hélidfing pad, WREEIN the
froma Bbiseplntisa pbinréthanB Alaped Bid 1BQcoMBIYhElis ARoRinTREQBGvherein a surface
pol yet hyt mafrsipalymen chibitshb Barebibrsib a 8ihcS §ORRERO bR Mh@RIRrdF BRIk b She
bei ng diskdoRd Golmek £ FLIRD Back 6h BEInterfack bethbdh tebsrB pRghdr ARt s fir&tlpatiharl,
wherein; a ratio of the viscosity of the polyolefin to a viscosity of
t he pol yutietpbianiag ps df @S5G 11 MreindBé payole@tBdtérRl iS hNlBHNB oftf polyBiBylene material
pol yur etshaagoypedp@erieahatdrial. gr eat er t han 1000 pounds per square inch
(psi); a flexural nodulus of the polyurethane material is greater

t han 20@0THagbljshiag Sitar eaild 1vaiteekireiBS padblefireat@ial iy niadt faneplambesfir@l 1S

gr eat er pblpayleBs matanadl amd k@t Po!gdtiAn@mateda thaifispadSedbnd pdysdliefe nmtgibias e
i's 200 meiog difiserofrorh e@®sanothds. The pol i shing pad of claim1l, wherein the
pol i shing pad includes 1-35% by volunme polyolefin material. 6. The
pol i shi AgTteadisbihg pddail creit,1, wiresire & ratib bishesispastied tiepolyalen tod vidchalty of the

pol i shi mgyyetokne irdéss das 33 adensifeatyengthad the payurethéne Mhterighslgrester than 190@pahds
cl ai m 1 pevdaeareineh (psiy & flexbresnasiius dféhepolyyrethaieimateriel issgreatdr than 200d psipctheed

i n i socYyamegse ofdhe goiylrgthEnepmaieial is greaterfieh voirzad hdmeint sirewbihe dspersedstyoleim

8. The pbisesHldgicpasiodésscl aim 7, wherein the polyolefin particles are
10-200 mcrons in size, the polyurethane tensile strength is greater
t han 1060Ths®alizting prslrof drjn d reheraincthe Fgishing pad indudge1-34kk bY telume pplvaistio material.
nodul us is greater than 2000 psi, and the pol yuret hane Shore D

har dnesé&- The p@]is@igg @84 of ¢f@in 1%herein the exposed surface of the polishing pad includes a surface
feature.

7. The polishing pad of claim 1, wherein particles of the polyolefin material are dispersed in isocyanate or
palyol prior to a polyurethane formation reaction.

8. The polishing pad of claim 7, wherein the polyolefin particles are 10-200 microns in size, the
polyurethane tensile strangth is greater than 1000 pounds per square inch (psi), the polyurethane flexural
modulus is greater than 2000 psi, and the polyurethane Shore D hardness is greater than 25.

9. The polishing pad of claim 1, wherein the polishing pad includes a polymer blend of the polyolefin
material and the polyurethana material having: a melt index of the polyolefin material less than or equal to
3; a melt index of the polyurethane material greater than or equal to 15; a melt index ratio of the polyolefin
material/polyurethane material less than 0.2; and a difference between a hardness of the polyolefin
maierial and the peolyurethane material less than 15 Shore D.

10. The polishing pad of claim 3, wherein the polishing pad includes cne or more polishing elemenis
made from a polymer blend of ihe first and sacond polyethylene materials having: a melt index of the first
polyethylene material less than or equal to 3; a melt index of the second polyethylene material greater
than or equal to 25; a melt index of the polyurethane material greater than or equal to 15; a melt index
ratio of the first polyethylene material/polyurethane material less than 0.2; a melt index ratio of the second
polyethylene material/polyurethane material greater than 1; and a range of hardness of the group of

15



9. The polishing pad of claim1, wherein the polishing pad includes a
pol ymer bl end of the polyolefin material and the pol yurethane
material having: a nelt index of the polyolefin material |ess than or
equal to 3; a nelt index of the pol yurethane naterial greater than or
equal to 15; a nelt index ratio of the polyolefin

mat eri al / pol yur et hane materi al Iess than 0.2; and a difference
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Shore D. 11 T e polishing pad of claim1l, wherein the dispersed
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t enper atanb@D calkes.a range of hardness of the group of material s

consisting of the first and second pol yethyl ene materials and the

pol yur etiaarme pomshiey padlofcldid 3) v@@feirt & fdxurkmodMod & tHe.polydkdthan RRtcRf s gpdateRBan
pad of @baire dexum @To@ulns of the iRt dndisedeXpadkthiibi riatdrisils pediar eah ydoavre:; and a
mat er i alrarigs of rasigess latihe goupad taleridiOcoBsistig Sfetpolyitetan e dlatdibithSRa@BIgkthylene
pol yet hyhataniel, ave therseadnd pdyeghylead @sterizhians Sioreemoradsst 0 25; a nmelt i ndex of
t he pol yurethane naterial is greater than or equal to 15; a nelt
index ratio of the first polyethylene material/pol yurethane nmateri al
is less than 0.2; a nelt index ratio of the second pol yet hyl ene

mat eri al / pol yurethane material is greater than 1; a hardness of the
pol yuret hane material is Shore D 70 or |l ess a hardness of the first
pol yet hyl ene material is Shore D 60 or |less; a hardness of the second
pol yet hyl ene material is Shore D 60 or |ess; and a range of hardness
of the group of materials consisting of the polyurethane material,
the first polyethylene nmaterial, and the second pol yet hyl ene nmateri al
is 15 Shore D or less 14. The polishing pad of claim3, wherein: a
fl exural nodulus of the polyurethane material is greater than 60 MPa;
a flexural nodulus of the first and second pol yethylene material is
greater than 200 MPa; and a range of hardness of the group of

mat eri al s consisting of the polyurethane material, the first

pol yet hyl ene material, and the second pol yethylene material is 15
Shore D or |ess.
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