ORGANI C PARTI CULATE LQOADED POLI SHI NG PADS AND METHOD OF MAKI NG AND USI NG
THE SAME CROSS REFERENCE TO RELATED APPLI CATI ON 5Thi s application clains

t he benefw0 20f1/082136¢ Provi si onal Patent Application No. @tra820108&205i ! ed
Decenber 30, 2009, the disclosure of which is incorporated by reference
herein in its entirety. TECHNI CAL FI ELD 10The present disclosure relates to
pol i shing pads, and to nethods of naking and using polishing pads in a

pol i shing processOR A j j N F nari zation
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pol i shi 25"1“?}?6‘&3'%%1}“ S8¥substrate such as a wafer is pressed against and
relatively noved wwth respect to a polishing pad in the presence of a
working liquid 25 that is typically a slurry of abrasive particles in water
and/ or an etching chenistry. VARCUNICKE. BBILLBhi ng pads for use with

abrasi ve slurties haye. been di.scl osed,. for exa e . S, Pat... Nos
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surf ace Wpnarkatigaprocest en in the form of 30preci sely shaped abrasive
conposites extending fromthe pad surface. Recently, a polishing pad having

a multiplicity of polishing ele t tcg@lqngfroma conpressi bl e
under | ayer and affixed to the ugﬁgr%gﬁ qui de plate was described in

15 During the manufacture of semiconductor devices and integrated circuits, silicon

wafers are iteratively processed through a series of deposition and etching steps to form
overlying material layers and device structures. A polishing technique known as chemical
mechanical planarization (CMP) may be used to remove surface irregularities (such as
bumps, areas of unequal elevation, troughs, and trenches) remaining after the deposition

20 and etching steps, with the objective of obtaining a smooth wafer surface without
scratches or depressions (known as dishing), with high uniformity across the wafer
surface.

In a typical CMP polishing process, a substrate such as a wafer is pressed against

and relatively moved with respect to a polishing pad in the presence of a working liquid

25 that is typically a slurry of abrasive particles in water and/or an etching chemistry. Various
CMP polishing pads for use with abrasive slurries have been disclosed, for example, U.S.
Pat. Nos. 5,257,478; 5,921,855; 6,126,532; 6,899,598 B2; and 7,267,610. Fixed abrasive
polishing pads are also known, as exemplified by U.S. Pat. No. 6,908,366 B2, in which the
abrasive particles are generally fixed to the surface of the pad, often in the form of

30 precisely shaped abrasive composites extending from the pad surface. Recently, a
polishing pad having a multiplicity of polishing elements extending from a compressible

underlayer and affixed to the underlyer by a guide plate was described in
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PCT International Pub. No. WO 2006/ 057714. Al though a wide variety of
pol i shing pads are known and used, the art continues to seek new and

i mproved wolshisagepads for CVP, particularly in CVP precedasesionbzoe | ar ger
die diameters are being used, or where higher levels of wafer surface
flatness and polishing uniformty are required. 5 SUMWARY I n one
aspect, the present disclosure describes a polishing pad including a sheet

havi ng aP€T ieferngapunl Pub.ddo. aME 200688 nkt nlihmrugh iadadeo prressy pEpelisbinginads maj or
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t hesot her polishing el ements, but remaining noveable in an axis
substantially normal to a polishing surface of the polishing el enents,
wherein at |east a portion of the SUMMARY of polishing 15el enents
conprise an gani c rticulate. filler, dispersed in a conti.nuou ol ymer
phase. Pt SR et dise Ralth esEhEs tpahyture TGRLtRE peted
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layer, wherein each polishing element has an exposed polishing surface, wherein the

20 polishing elements extend from the first major side of the support layer along a first
direction substantially normal to the first major side, further wherein at least a portion of
the plurality of polishing elements comprise an organic particulate filler dispersed in a
continuous polymer phase. In some exemplary embodiments, each polishing element is
affixed to the first major side by bonding to the support layer, preferably using direct

25 thermal bonding. In some exemplary embodiments, the polishing elements are arranged in
a two-dimensional array pattern on the first major side.

In additional exemplary embodiments, at least one of the polishing elements is a
porous polishing element, wherein each porous polishing element includes a multiplicity
of pores. In certain exemplary embodiments, substantially all of the polishing elements

30 are porous polishing elements. In some particular exemplary embodiments, the pores are

distributed throughout substantially the entire porous polishing element.



In certain presently preferred enbodi nents, at | east one of the polishing
elenments is a transparent polishing elenent. In sone exenplary enbodi nents,
t he suppow0 2bmyose156t he opti onal guide plate, the optionaCTaskéishsregs
conposition distribution |ayer, the optional conpliant |ayer, the optional
adhesive, |ayer, at |east one polishing elenent, or a 5conbination thereof
is transparent. In certain exenplary enbodi nents, at |east one transparent
pol i shi ng el ehieagttaingregenily ergfereedembodingrus. ahlcagone obhegiolishag sleaents
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to an 2§@%§é¥?§@%g§%pﬁéen t he polishing pad surface and the substrate
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20 In yet another aspect, the present disclosure describes a method of using a

polishing pad as described above, the method including contacting a surface of a substrate
with a polishing surface of the polishing pad, and relatively moving the polishing pad with
respect to the substrate to abrade the surface of the substrate. In some exemplary
embodiments, the method further includes providing a polishing composition to an

25 interface between the polishing pad surface and the substrate surface.

In a further aspect, the present disclosure describes a method of making a polishing
pad as described above, the method including forming a plurality of polishing elements
comprising an organic particulate filler dispersed in a continuous polymer phase, and
bonding the polishing elements to a first major side of a support layer having a second

30 major side opposite the first major side to form a polishing pad.
In an additional aspect, the present disclosure describes a method of making a

polishing pad as described above, the method including dispersing an organic particulate
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filler in a curable conposition conprising a polyneric precursor material,
di spensing the curable conposition into a nold, curing the curable

conposi t iwo 20n/asksenol d to form a pol yneri c sheet cont aiPoirnig2eioeexiosper sed
organic particulate filler, the polyneric sheet having a first major side
and a second nmaj or side opposite the first major side, and a 5 plurality of
polishing el ements extending outwardly fromthe first major side along a
first diftltinasughlssqoamopision gomprisag apelynmeicfire@ysongjagtias diwensipgthsi n t he
pol i shin .are | n I fQr i t 1eat rally
connecte r%%gggﬂﬁ%m?%§?¥1cﬁgpgféﬁéﬁﬁ#%ﬁ%ﬁ%gﬁ?ggpggﬁgmg%?f@ﬂ?ﬁ%ﬁé enents with
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pol i shi nigpvitset Bivbpyior side and a|Sﬁ00§6r%a1%rx8éﬁiﬁpq’pa0§ﬂ%&ﬁé‘mtr%%?rs%ldediag &rsing the

or gani c lﬁﬁfatliictjs?&![} g@tlﬁhﬁl% leieﬁ{en-{srbxrtéﬁﬁin%b%tt\iv% o Phy fﬁ%; mh %ﬁle%ﬂﬁ%rai fgs nelt
m X1 ng, kneadi ng, extrusion, or conblnations thereof I'n certaln exenplary
enbodi neditestiodswpemnsilhgndtiel fd the dirstmhagommde; edprsi thegolismbgclehentsakd
conprises, at | east pone aof reaction ipjection, molding, .extrusion nolding,
T Sconpr SRR RS DA OF ALY CaneedRs HuEyER NSO eTRA sone
parti cul grth&yeIkRY JeRERO iR St t6 bAPENBbRADLARABHESETisRRB IS bt
extruding the fluid nolding conposition through a filmdie onto a casting
rol | er, tfemeirheg mameabdd m antreissubstantellyfnormal to agrolislyng elrfase of tremoliskisgt he
nni@. In ﬂ%rther exenpl ary nethods of nmaking a polishing pad as descri bed
above, tﬂ% ol d conprises a three-di nensional pattern, and the first

maj or surf acenGeRIdxs@plady Bdbsdipkhs] diype@din® el Rin@patieimentflce ar thespondi ng
to an inpression of the three-dinensional pattern, wherein the plurality of
pol i shi NPNENERHSPOLBSINBAYS OIMNKRETMYLt HBMLt eading sextiygiony OroRDIRAtgRYy a fir st

pol 1 shi rg S Bttt RRE B d e, Sbfhip i ying W pERAIF 71 1 10

connect eidtesthe asld cordpries bt ieadt ohaberattiomvioroi moldibfexpodions hohdingl enent s
with respect to one or nore of the other Eollshing | enent s, bui remai ni ng
moveabl eCqmpraiondnalding¥acyHp melding, g Heembigationhereeh; WgomgmrEtdlast t he

pol i shi n&eﬁltpﬂgggﬁl%odimentsf ﬁﬂgﬂerﬁ%ﬁ%&%@m &{nﬁnﬁ'@fsggé;émgfnfgl% Lele] rﬁolﬁﬁ%{ shi ng

pad as descri above, urther 1nc es affixing a co i ant

| ayer t ocany@sgeodmdughp ditmslidento hrvastingtrbber, 80thkewpéraimythe nivbatic m ttes, t he

met hod further includes affixing a polishing conposition distribution |ayer
coverindxﬁPngﬁﬁffaﬁnﬂﬁ?fﬁﬁﬁn%@“the first major side. In certain exenplary

enbodi nent s, fharti@tRespRedid-ieaabl Making !a?@ﬁmﬁgf)m DA BepRta8b e, id h the
polishing elenents on the first major side. In certain exenplary
enBodi mempkl, conwrvengthacepdinteasiana papieinsasl the distt inwgori sujfees ¢osprises i ng t he
B e R e e
ar r angi ngattehe wietdis teurelig o pbEsihd Blements eIFAY 3ty edly FRSPMRAIrftgnajor
side along a first direction substantially normal to the first major side, further wherein the
polishing elements are integrally formed with the sheet and laterally connected so as to
25 restrict lateral movement of the polishing elements with respect to one or more of the other
polishing elements, but remaining moveable in an axis substantially normal to a polishing
surface of the polishing elements.
In some exemplary methods of making a polishing pad as described above, the
method further includes affixing a compliant layer to the second major side. In further
30 exemplary embodiments, the method further includes affixing a polishing composition

distribution layer covering at least a portion of the first major side. In certain exemplary

embodiments, the method additionally includes forming a pattern with the polishing
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5 to the pattern, or arranging the polishing elenents on the support |ayer
in the pattern. In sone particul ar exenplary enbodi nents, bonding the

pol i shi ngwel2eneist 56t 0 t he support | ayer conprises ther meCThse@ione2205

ul trasoni ¢ bonding, actinic radiation bonding, adhesive bondi ng, and

conbi nations thereof In certain presently preferred exenplary enbodi nents,
at least a portion of the 10polishing el enents conprise porous polishing
el enent sclements eprghedistipriar §idenboebrigenixsmplary cekedimestsefasmingep#srt shi ng

el enent s L o} i al - |.J.shi .1 n sone
parti cul Cé?%?exgérﬁs)e?(ét?#l %J:%%g%ﬂi 9&8@@%@@%@#@8@8@% ﬂ}%r{)glhgﬁqggrr%n Tare formed
by i nj ecibklingit @olighigf clamgas ik phadradedpoprysyion melding thapeléshirgn nol di ng of
a reactive mxture that evolves a %g -up?n reactkon to Iorn1a pol ymer,

15i nj ect SIHRCHD IR G LRGBS B h%mgsq SrgerHs PEhiffetemi s eAt{RsRondng
supercrig,i ar b eet I i flayeRGPRALIQL e pol yners
in g sof%é%?#mgﬁﬁég?ﬁ%ﬁﬁﬁ%ﬁ%#ﬂggg?gggg%ﬂg(@hgéﬁgﬁgﬁlﬁggt|cu?%?gé'Ilspersed
in a thesomeppaastula gquomyphmey embodimetts pronainigathe goloshire elements & thosyppost ng

m crobal | oons, and conbinati.ons thereqf. .I1n additional exenplary .

oo meHES COTRE S U, PR B gy et B o e S on OO Agespgs

di sper signdiRamNbmRAIaNMs aRp&imat i ons t her eof Exenpl ary enbodi nents
of polishing pads according to the present disclosure have various features

and char act erlngritein nréssntle pesiirecdtaxemplans embedimentsy atdeast @porpiohio§ Hieng

i i ons. | | ferred ' | i shi ds of
£ hR0 or askibrire TR Wi Beroba Po Ry BT I ST BB chentont
nmechani cahbddlideimk |  akifdn{c@¥ithc pdlisBhivad @hdhtdisRebrisd siBaitany uoh-perdust egr at ed

circuits and sem conductor devices. In certain exenplary enbodi nents, the
pol i shi neplishiee gkaseqnishdl spe patisular sxqrerlgiyenhodimensyitirepdonerdishiggl of the

follow n . ex - dj k , a
polishiHgaggﬁgg%%%ﬁ%?ﬂgpﬁgﬁéggﬁ%(EP%ggﬁg%ﬁﬁﬁéﬁggb§$¥Fﬁggg?%@%ﬁ%ﬁdisclosure
may act inoldixes dferrcagivainmixtirshiakevagvdsiaggak dpdOteaetibn to fotre a GyRnprocess at the

interface. between the_ polishing surface of the pad.and the supstrate
sul?ace BiscHY pOIdinnetr MiHRICANNDTfRESMAbge SS@FVﬁgéI% P ELHICEE 28%he wor ki ng

USRSl G oL RO ol S
and/ or eplgeusthasant witituihecsdismrseslun faloemoplastigpgphes mijpgion molding of a
mixture comprising microballoons, and combinations thereof. In additional exemplary
embodiments, the pores are formed by reaction injection molding, gas dispersion foaming,
20 and combinations thereof.
Exemplary embodiments of polishing pads according to the present disclosure
have various features and characteristics that enable their use in a variety of polishing
applications. In some presently preferred embodiments, polishing pads of the present
disclosure may be particularly well suited for chemical mechanical planarization (CMP) of
25 wafers used in manufacturing integrated circuits and semiconductor devices. In certain
exemplary embodiments, the polishing pad described in this disclosure may provide some
or all of the following advantages.
For example, in some exemplary embodiments, a polishing pad according to
exemplary embodiments of the present disclosure may act to better retain a working liquid
30 used in the CMP process at the interface between the polishing surface of the pad and the
substrate surface being polished, thereby improving the effectiveness of the working liquid

in augmenting polishing. In other exemplary embodiments, a polishing pad according to
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In further exenplary enbodi nents, use of a polishing pad with porous

el ements according to exenplary enbodi nents of the present disclosure may
permt prwoessi/asgisef 5| arger di ameter wafers whil e nai ntrarnisegonbeos equi r ed
degree of surface uniformty to obtain high chip yield, processing of nore
waf ers before conditioning of the pad surface is needed in order to

mai ntain polishing uniformty of the wafer surfaces, or reducing process

ti me andheersclischsuisaaaxsdaca orahisrinate disgsetaaior edgrodpsiempsthe orpads wit h
por ous pgQlt.shi e s may al so offer the benefits and advant ages of
conventi%ﬁ%ﬁpgg%%#ﬂﬁgggéhaving surface textures such as grooves, but nmay be
manuf act ur ed hifughérepem@liey bihpodineats] moif agpofithing paddith pooaklcarwhsdi nent s,

bondi ng of the polishjng el epents to the suppaort |ayer nay elimnate the
need to %%rdélggfaiea@ﬂdaat@ﬂ ﬁ%ﬁﬂ%&ﬁ&&m@%&qu g% PeERRICessig afhe

SUPROT . fL AR Biar VO ARG Gl S, AR AR 308 o B GXERRLALYssHRGdD TeNt S of
PR HameR o s L MRl &

the disc ure have 1bbeen summari ummary 1s not I ntended to
descri beotga@ohigh ¢hus yreht, prbcessipdo fmeart voafers befoye camplitemnyt aftthopaddurfabheispr esent

certain ex lary enbodi nents aof the pres di scl osure. The Draw ngs and
Ehe et aaea pertion i ARauammaTis B PENPRIBP AT VAL Ao SRy Cortarn
pr ef err eghoasth aeHcmRAtwoalSh e PalRoRditiBsdrP 1€ Scrthir 6hBSEhchRI EMP. padQ whiRl EF
DESCRI PT1 ON OF DRAW NGS Exenpl ary enbodi ments of the present

di scl osupaoey polishing leemagitsory dleeloffet the berfeditearseadventages adspevededndli gur es,

wher ei n: FIG .1 is a cross-sectional side vie f ol i shing pad
0D e nGME R biviBr Syl Saf PR REEH Do ey BE e ERisttTaBRr G gt b
one exenppaydcibadilgRatcof Thhadpibesenbodirs&ltQbohding of the pofilimg2 is a
cross-sectional side view of a polishing pad including a plurality of

pol i shi nijcrapudpinihs surnediddydranay dimpetethq rapd to axccogwinplatepransdhesivedenpl ary
e”bOdi”%ﬁﬁx?%:&Bgﬁﬂﬁﬁfﬁgkmﬂk§ﬁ%§§9re- 30FIG 3A is a perspective view of a
W p I'ng e

pol i shing pa ol 1sh nents arranged
Various aspects and advantages of exemplary embodiments of the disclosure have

15 been summarized. The above Summary is not intended to describe each illustrated
embodiment or every implementation of the present certain exemplary embodiments of the
present disclosure. The Drawings and the Detailed Description that follow more
particularly exemplify certain preferred embodiments using the principles disclosed
herein.

20

BRIEF DESCRIPTION OF DRAWINGS

Exemplary embodiments of the present disclosure are further described with
reference to the appended figures, wherein:

FIG. 1 is a cross-sectional side view of a polishing pad including a sheet of

25 integrally formed polishing elements according to one exemplary embodiment of the
present disclosure.

FIG. 2 is a cross-sectional side view of a polishing pad including a plurality of
polishing elements bonded to a support layer according to another exemplary embodiment
of the present disclosure.

30 FIG. 3A is a perspective view of a polishing pad with polishing elements arranged

in a pattern according to an exemplary embodiment of the present disclosure.



in a pattern according to an exenpl ary enbodi nent of the present

di scl osure. FIG 3Bis a top view of a polishing pad with polishing
el enent s wonrangseissn a pattern according to anot her exemplrarsgoiemhnds ment of
t he present disclosure. Li ke reference nunerals in the draw ngs

indicate |i ke elenents. The drawi ngs herein are not drawn to scale, and in
the draw ngs the conponents of the polishing Pads S5are sized to enphasize
1

sel ect ed featli(esB ipETyn YiED dbECRsPTE ond With fotigipag elemenp agpigadyn gr ocess f or

waf er pol I.shi fer ' risti . phy is put in
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ol kshi i L0 LShi erosion nay be greatly reduced;
pol §shi ng.pady {éerf&%lﬁl'sfr}:; S%&%% F%Igtslﬁ&d | y g y u

however, even tho i ng pads may advant ageously yield good
within die planarization uniformty, they may al so 15di sadvant ageously

yi el d poor within wafer unif ] und effect which occurs on
the wafer perineter. This reﬁﬁﬁhﬁi£¥f§ﬁ§kﬁﬂ?3?§39in poor edge yield and a
narrow CVP poini ShhRE1 EXPCESESy YoBElQWor \kf&feﬁﬁ&ishh%[‘a vv'afer%_@ sc@enghfficult to

i ng

devel op a stabl e polishing process with a rigid polis pad, because such
pads ar echeeastiristiy topograghy fsarue it comece withewidiskipaiped andmpolashengcohydiost el y

d d f. d diti e, .20 i nal | i shi
tonfure Gort Bng dF G REF pERM LB TroT HeTRRhiar P B e fls' Ve er
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i mproved CMVP poalishing pads which, in various enbodi nents, conbine sone of
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advantageously yield good within die planarization uniformity, they may also

15 disadvantageously yield poor within wafer uniformity, due to a rebound effect which
occurs on the wafer perimeter. This rebound effect results in poor edge yield and a narrow
CMP polishing process window. In addition, it may be difficult to develop a stable
polishing process with a rigid polishing pad, because such pads are sensitive to different
wafer topographies, and are completely dependent upon use of a pad conditioner to create

20 an optimal polishing texture which holds the polishing solution and interfaces with the
wafer.

Thus, in some exemplary embodiments, the present disclosure is directed to
improved CMP polishing pads which, in various embodiments, combine some of the
advantageous characteristics of both compliant and rigid polishing pads, while eliminating

25 or reducing some of the disadvantageous characteristics of the respective pads.

Various exemplary embodiments of the disclosure will now be described with
particular reference to the Drawings. Exemplary embodiments of the present disclosure
may take on various modifications and alterations without departing from the spirit and
scope of the disclosure. Accordingly, it is to be understood that the embodiments of the

30 present disclosure are not to be limited to the following described exemplary
embodiments, but are to be controlled by the limitations set forth in the claims and any

equivalents thereof.



Vari ous exenpl ary enbodi nents of the disclosure will now be described with
particular reference to the Drawi ngs. Exenpl ary enbodi nents of the present
di scl osurwormy/asaise on vari ous nodifications and al t er aPCoONS20M00b220%
departing fromthe spirit and scope of the disclosure. Accordingly, it is
to be understood that the enbodi ments of the 30present disclosure are not
to be limted to the foll owi ng described exenplary enbodi nents, but are to
be control | edRefgrringdo [FlGi 1,48 padexasenlay spbediment e prpgnhdisdagirapgpvides
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of apertures 6 are provided extending through 25the polishing conposition
di 80ri but i on Inpec cgemplappembeimghtsetie ropdiingsprdnyfvethermaatudds axerioasl i nto a

correspondi aperture G. .. . In an alternate enbodi t ~.shown in FIG 2,
he pr oamipr i 2BEbHbE: Biuiuan it Pr B Rt Baf SRR A B ppor
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conpr i seexé??déﬂréaﬁiceﬁﬁwg’@ﬁlaa?@@i6l ler 15 in a continuous pol yner phase.

In an alternate embodiment shown in FIG. 2, the present disclosure provides a
polishing pad 2' including a support layer 10 having a first major side 34 and a second
major side 35 opposite the first major side 34, and a plurality of polishing elements 4
30 bonded to the first major side 34 of the support layer 10, wherein each polishing element 4
has an exposed polishing surface 14, and wherein the polishing 4 elements extend from the

first major side 34 of the support layer 10 along a first direction substantially normal to the
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In sonme exenpl ary enbodi nents of a polishing pad 2', each polishing el enent
4 is affixed to the first nmajor side 34 by direct thermal bonding to the
support Iageniilid2156r by 5usi ng an adhesive (not shown i RCEIUS2018)61205 bond
the polishing elenents 4 to the support layer 10. In certain exenplary
enbodi nents, the polishing pad further includes an optional guide plate 28
opposite the support 10 on the first mpjor side 34, wherein the guide
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may be used to affix the second major side 35 of the support layer 10 to the compliant

20 layer 16. Additionally, an optional pressure sensitive adhesive layer 18, affixed to the
compliant layer 16 opposite the plurality of polishing elements 4, may be used to
temporarily (e.g. removably) secure the polishing pad 2' to a polishing platen (not shown
in FIG. 2) of a CMP polishing apparatus (not shown in FIG. 2).

An optional guide plate 28 is also shown in the exemplary embodiment of FIG. 2.

25 The optional guide plate 28, which may also serve as an alignment template for arranging
the plurality of polishing elements 4 on the first major side of support layer 10, is not
generally required in order to produce polishing pads 2' according to the present
disclosure. In certain exemplary embodiments, the optional guide plate 28 may be entirely
eliminated from the polishing pad, as illustrated by polishing pad 2 of FIG. 1. Such

30 embodiments may advantageously be easier and less expensive to fabricate than other

known polishing pads comprising a multiplicity of polishing elements.



An optional polishing conposition distribution layer 8, which may al so
serve as a guide plate for the polishing elenents 4, is additionally shown
in FIG 2wvoDRoriasgisa polishing process, the optional polipehiusgoioosesiti on
distribution layer 8 aids distribution of the working liquid and/or
polishing slurry to the individual polishing elenents 4. When 5used as a
guide plate, the polishing conposition distribution |ayer 8 may be

posi ti oned onAR Ratignal geliskyjexonmtogisionalisribytien layes Somhichayer als@serse fsei | it at e
arrange t I f I SAIC a first

maj or sggpac@'gﬁgfﬁgI%h?hhégbgm%%%bgég‘?%HQ&F§§$%HB#?gnyIguéggé' is distal
fromt hepdhsb]glg (prodedy et d;ﬁuonalrlﬁbhahlﬁgC@ﬂﬁ[dosﬂ”ﬁprﬁdfi]lsﬁl]lc]:mfl@tchyaf 8'talis dli?hlbmiﬂ)inpg ]
conp05|t|o i stribution |ayer 8 pposite the first najor surface of the
pol i shi ndf zzveﬂ%% Fﬂ‘l“@ ﬁnéxJpgpqli%mgi E? ingivigal ﬁPB%hl%? gMERS 45 I t

| ayer 1
yger 10,88 §g:ﬂ1\r§fg f[leﬁe Feh ol%hl Lﬂé{%tﬁ ibh YisR{ou@B ﬁaé)a!:f gzna Ll Zgﬁ ?@

provi ded exten rou e optiona
pr esent ) thafidst onaj dnfmadd)}}t mfdhalsug@otu lsytir ng te Gwgoste 1arra1mgeahe$1t of tha q)imrailtbr@ji er 8

(if prese illustr by. FI G 2,..each polishing
Gl enmont P ARG RGE PR TS & Gt s S AU BF RS OB iBhal Gui do
plate 28d1§th°a{iﬁ!orﬂla§zé1f Bis dlbtﬁleﬁéﬂl%b sﬁfﬁ?&tt et 80,|and RQEERII rh@mt fiefabé Bfitthe maj or
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to |ndeaﬁggfﬁyngﬂggggggﬂgqisplacenent in a direction substantially normal

to the f | or Si 47 of support layer 10, while still remaining
bonded t o t heAsilpoittd ba¥Fee. 2, @actaplishiplei chonadrlt ¥ catdds fromahé firsabfajored to t he

suppor t er opt| nal_polis 25¢conp Sltl di stribution |ayer
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the lateral arrangenent of polishing elenments on the first maj or side 34

of 28 uppoturfapageeptivnal palisbinaspmpesitden dispibutomlaygus’ oe thsl aptienglgguidedylete

opt i onal 28. Consequently, during a polishing process, the polishing elements 4 are free to
independently undergo displacement in a direction substantially normal to the first major
side 34 of support layer 10, while still remaining bonded to the support layer 10, and
optionally additionally affixed to the support layer 10 by the optional polishing

25 composition distribution layer 8' and/or optional guide plate 28.

In such embodiments, preferably at least a portion of each polishing element 4

extends into a corresponding aperture 6, and more preferably, each polishing element 4
also passes through the corresponding aperture 6 and extends outwardly from the first
major surface of the optional guide plate 28. Thus, the plurality of apertures 6 of optional

30 guide plate 28 and/or optional polishing composition distribution layer 8', may also serve

as a template to guide the lateral arrangement of polishing elements 4 on the first major

side 34 of support layer 10. In other words, optional guide plate 28 and/or optional
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pol i shing conposition distribution |ayer 8 may be used as a tenplate or
guide to arrange the plurality of polishing elenents 4 on the first nmjor
si de 34 oWo=zuppsetsél ayer 10 during the polishing pad falpcrastéioneodcess.
In the particul ar enbodinent illustrated by FIG 2, the optional guide

pl ate 28 may 5conprise an adhesive (not shown) positioned at the interface
bet ween the support |ayer 10 and the polishing conposition distribution
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securely affixing polishing elenments 4°to support layer 10 w thout

r equi ri ngdadd4 etupbom diyay 1 ©f Howevgsodthethiongdinglneethodssmay boussdpipolutingayer 10.

I n addi ti.on, .in ne .exenpl ary. enbodi ment t illustrated b |G 2, the
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exanpl e, exasmpie, hearadt peRsirenal array of elenments arranged on a maj or surface
of the support |aye 0, in a tenPIate or jig used to arrange the
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r 1 or
pol i shing el elfenickatod xemplasy ponedimgnt of thnsokishingopad 3’ g{BIG. 2o the plurality) n gny
of the e i t i shi -2 J 11 . ,n.E . , at
| east a %@&?ﬁ%ﬁgéﬁaf%%ﬂg%gﬁgh?%bﬂgggﬁéﬁ%%mh&ﬁ§$&%§5€%?%EgmggﬁvgﬁP%g
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substantjal l y nonporous polishing elements. |t wll be understood, however,
t hié in lawé)r’, a@ﬁ éﬁﬁpg?r utdREeRIHERADY Oézﬁlpn%fgutcfwl%ﬂﬁswdﬁ E] {€iM may be
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may be selected to be su antially nonhpor pol i'shi ng el efrents 4
sone exewpl@hyaf@ringgohsnts clemientsdas tsuppoet lofert e iploluit sdrjungrgaliexebaslings a

porous. Pl SHhtg, e STERL st sln a0eagh oo, belsPng glerent |l udes
of the pghibsdinbets BbEMBREScEBEFRPOUR m@tihBayEr RIiSHBE R mchR 4 may be
20 arranged in a pattern, for example, as a two-dimensional array of elements arranged on a
major surface of the support layer 10, or in a template or jig used to arrange the polishing
clements 4 before bonding to the support layer 10.
In any of the embodiments of polishing pads 2-2' illustrated in FIGs. 1-2, at least a
portion of the polishing elements 4 may be porous polishing elements, and some portion of
25 the polishing elements 4' may be substantially nonporous polishing elements. It will be
understood, however, that in other exemplary embodiments, all of the polishing elements 4
may be selected to be porous polishing elements, or all of the polishing elements may be
selected to be substantially nonporous polishing elements 4'. In some exemplary
embodiments, at least one of the polishing elements is a porous polishing element, wherein
30 each porous polishing element includes a plurality of pores. In certain exemplary

embodiments, substantially all of the polishing elements are porous polishing elements. In
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sone particul ar exenpl ary enbodi nents, the pores are distributed throughout
substantially the entire porous polishing el enment. Sui t abl e porous
pol i shi ngwel2eneists6ar e di scl osed in PCT I nternational PeoT/USe010ME2205

2009/ 158665. 5In certain presently preferred enbodi nents, the plurality of
pores is created by at |east partially renoving at |east a portion of the
organic particulate filler 15 fromat |east a portion of the polishing

el enent ssomeqtariiailarsripmglapaembodiments hibe @pies Rrcdibtifuigd Wopaghout pisentdlune
correspondi t . reviously occupi ed by the organic particul ate
filler 1@&&%65%%&2392%#%%&3%0& ments, the organic particulate filler 15
may be sol ubl $uitablegpolOsgiolisiihg iclemahtscite tiRelose@inaiPdThtqedtiomer Pythake of t he
polishing elenent 4 is substantially insoluble or only partially sol uble.
In sone %?Rﬂ%ﬁ%@%odi ments, the organic particulate filler 15 conprises
a water sol uby wat ekssMell foTolo ' RToNN0] - t/r,cOr an
aq\lljvgous sol ver?fcefts L]js%esg %bc??és}gegle\%bogﬁgétﬁerée%gmr rr%l) ereast1§|’8%§iéé?b aporti on
of the orgapadiaparémauh@attdedst hlpertioh®f 1f organio pertionlatedfiléer polfiomhatrigasthenment s

exen! arpPrHb SRS eman doheobarubimd 72 Brdu g et kel ehEoWor ki ng
l'iqui d UgREnk BoRespbEAThE &) theRERAM HralioRQY bediphd wtlia@ 8&anicaastiduits fingr ki ng

liquid is used to dissolve and thereby renove at | east a portion of the
or gani ¢ parkisomeaxemplahy embddimentsnthe nrganic paviralgiofillehi ngae be snbls ima

entbai wont o 8o P e B RS ARG P PRI B PR PRl re o

shown al j@pgubic bR ofRPagiiligtsanbical | y nonporous polishing el ement 4'. However
it will be understood that any nunmber of poli shiug?g el enents 4 may be used,
and that any upepercxenplssy puhodiments cthe araaniy nesiculaic SHpelY ¢dnrrseha por ous

pol i shi ”xg?tgxls W§%ﬁ§r4w%ﬁla§1‘é§%g§%h@'}]ﬂtcé@ﬁ&’%‘& atgfodgiaﬁ%ﬂ&uglsgl[qg@tiss 4

In sonme p preferre 1 éas ortiron

pol i shi ngeeltedisitlse dhdahercppramns/croldastu pgtied efnbobsganidpacticulaie Gdet B n

en‘ﬁ)odi mepts at | east ag_e a porouziP ol i shing surface (14 in Fl.Gs. 1-2),
whileh rm{}jorﬁé?ll%é OF MO PRYISBIEdtmatntohdNCeBnesaiing fnepr Mt peiots peli shown in

FIG 1) 410mbBgs PR d.e?ﬂaﬁldexeﬁl? bnBOdiARatsHQ Eéoqi‘g sol¥eris H’@ct%?to%lthéhi ng
surface 14 of polishing elfenents 4 may be g substantially at surface, or
may be testkimgeldjuid nseden ba@hemprkbmecitahicappadisbmgedoesdh edd fentverkimg liedst t he

polishin rface of each polishing elenent 4.is made porous, .for exanple
Bt m ool b B get B graw 4eht gRRek Ry AkaIERETT or m of
ori fi cesfroans dERWRY olisHN@A&RentENAREEHPere@ittl ditrinhde pordus Boldigs 15 at
the polishing surface may act to facilitate distributing and maintaining a

pol? shi ngementposi tion (e.g., a working liquid and/or abrasive polishing
31 urey ot ShARe bikibliSe SRR bl by ¥RL! POCRERIBRhihist rat e (not
clements 4 are shown along with one substantially nonporous polishing element 4'.
However, it will be understood that any number of polishing elements 4 may be used, and
that any number of polishing elements 4 may be selected to be porous polishing elements
25 4 or substantially nonporous polishing elements 4'.
In some presently preferred embodiments, at least a portion of the polishing
elements 4 are porous polishing elements, which in certain embodiments at least have a
porous polishing surface (14 in FIGs. 1-2), which may make sliding or rotational contact
with a substrate (not shown in FIG. 1) to be polished. Referring again to FIGs. 1-2, the
30 polishing surface 14 of polishing elements 4 may be a substantially flat surface, or may be

textured. In certain presently preferred embodiments, at least the polishing surface of each

polishing element 4 is made porous, for example with microscopic surface openings or
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5correspondi ng porous polishing el enents. In certain exenplary

enbodi nents, the polishing surface 14 conprises pores 15 that are generally
cyl i ndri oab 20mpiskisari es. The pores 15 nay extend from t reTamskesls2gs sur f ace
14 into the polishing element 4. In a rel ated enbodi nent, the polishing
surface conprises pores 15 that are generally cylindrical capillaries
extending fromthe polishing 10 surface 14 into the porous polishing

el enent RPresthie vhighemay ke theoformsef etificesdpissagewagnrenviserchpencds. gedihstri es are
possi bl e f I, i . t v.am dal . e like. The
characte@?@3$%R§?%£%§f5%§q€ﬁa%ﬁ%ggg¥%2&§%%¥“l%X%g%%?§$¢uﬁ@g?%gcified as a
dept h, aheinginhg b palisiind forfeusittbnaB®t, @ryorkandiqaid @rddirtabrabhve polistiiagt eri sti c
pore di nensi ons nay .ran fromabout 25 gmto about 6,500 gm.in depth, from
about 5'@% Bothenp 1&%@3{3%5137 e Gatertase tar emg drafe (nehshoryyandisut 10 gm

to about ' thine ol I n sone exenpl ary enbodi nents, the
g co%reglﬁc?nrc]ig@ e}?dgoﬁsﬁébglts mlal§ e ne(r)r%enﬂs.

porous polis ne ave a porous polishing surface 14, but
in these and lotdegrinexemplaay ymbodhodntyetht poligorgesirthbe hdhgorpprishs porasdat ed

t hr oughout substantially .the entire_porous polishin | enent 4. . Such por ous
o Con e petdly ncd CanliGs Tl R AR asory S oy iR s Eanni bt
sone of gumca@@ﬁl\f@n{eqﬂﬁ@lﬂﬁ%%ﬁ{eﬁmerﬂ St H&d &ﬁb@diﬁ@ﬁ'fpiﬂe%llislﬁﬁé kghiceg pad. In

certain presently preferred enbodi nents, the polishing elenents 4 may

conpr i secamnpisas pdres 5 dfat prorgererdils cylindoicaldaptlav egtrdendingfyemahe pelishingt he

entjre polishi el.ement 4 i.n.the faormof, a porous foam The foam may be a
orbeq Do LS bR TR oSy FepBa *EpEudteY R rof Bk MG SR of er r ed
in sone @ABqbreBenSetrily £ oY, fot HnPIdIcahicilyrcefanP@bE Hydanitldl, ddethé oam

exhi bits 25a uninodal distribution of pore size, for exanple, pore
di amet erlike. The chprgctepiptic digensiens efrthereteprah yn seassdi brespeeificd pea genfhal i ty of

o . . ‘ " at
Peast apaott 1Bb 3 ARAToPRARRREEndh @yl PR ARSIk BRORIRL RIS B | 7' 1 ey
exenpl aryngdhem Bt 3, wh he abdut 600t i Gf ddpe, EoneXBubb tusn & 4BAN1 (00N enSi ze of

at nost about 300 gm at nost about 100 gm at nost about 50 gm at 30nost
abddt 10ingridtholor diametss), angdoem abogid 0 m te @bewi2008r s émtangthpr ef er r ed

enbodi ments, the pluraljty o ores exhibits nmea ore size fromabout 1
o to about " 00°Btamali BReoGREER G5 aue Bely i deBES bt B Ebat 1o
gm or akebls polBRink QuaRuid, Bt ifMhese and other éxenikeH; leh®BAIM@XE PBedN ¥ may

enbodi nents of polishing pads 2-2' including substantially nonporous

pol i shi nkf @iﬁféiﬂm@déhmuglaglt Bbstantiplbathg el pozaus nedishing glsmsat 4. hBughdIsesous

pol i shi Lo r r | .Ls:hi . In
sone exg%%ﬁgﬁ % ?ﬁ%?%iPgﬁﬁ%ﬁéggh%@ﬁm%iﬁﬂgﬁg%g%%%?@ek%@%@%fg#ggﬁgkbptiona
gukde plalvantdgeouk BRaraciptistkial a peinpBdiit pglisompesi. tih @ertalh rasedxtit profertedy er
8-8', the optional conpliant |ayer 16, the optional adhesive 12, |ayer, at

| east on@nRaEeRiAtthaPPNhMERITPENIS 4 BB CORPHEC @ PRIEHY 9T Bores GistriPuiini nat i on
thereof o fphaMSAB Sttty ik GRIL BOINTEIBh G if RO Soldus Y5dh 2rRd 10

foam may be a closed cell foam, or an open cell foam. Closed cell foams may be

preferred in some embodiments. Preferably, the plurality of pores 15 in the foam exhibits
25 a unimodal distribution of pore size, for example, pore diameter.

In some particular exemplary embodiments, the plurality of pores exhibits a mean

pore size of at least about 1 nanometer (nm), at least about 100 nm, at least about 500 nm,

or at least about 1 um. In other exemplary embodiments, the plurality of pores exhibits a

mean pore size of at most about 300 um, at most about 100 um, at most about 50 pum, at
30 most about 10 um, or at most about 1 um. In certain presently preferred embodiments, the

plurality of pores exhibits a mean pore size from about 1 nm to about 300 um, about

0.5 um to about 100 um, about 1 um to about 100 um, or about 2 um to about 50 pum.
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FIG 1, at |east one transparent nonporous polishing element 4' is affixed
to a transparent portion of the first nmajor side 32 of sheet 13", e.g.

usi ng di reot2otisersal bondi ng or with an l1l0adhesi ve (not pemasroione2hs 1) .
Furthernore, it will be understood that the polishing pads 2-2' need not
conprise only substantially identical polishing elenments 4. Thus, for
exanpl e, any conbi nation or arrangenent of porous polishing elenents and
non- por ous polnjaskitiegaleixempy el@h?é]lﬁﬁk‘@ afpotitiengpadsat? igcledingol i shi ng

el ement s L] | d h fpation or
ar r angerittubfaltilonp@loRg PR AEALACE, & OBereY sBNE B SEOTNE e

pol i shi nghnpbeiePLEsHNg ¢layicite 4Us pefadbignt tegeparshtypolishiag cleaicnt. difsogicment s t o

forma polishing pad having plurality of polishing elenents 4. In
some exeﬁ‘ﬁn@#wéwgagm?@m Qxe 83% 1|§drri5§ﬂi’%{aé?re1rpeﬂ}eso igng guadr%'f mite, the o) ay
be distr|] LA i . j i shaet 13! 1) ort
ayer 10 R iE Bl Sho fBLOluRbE By B, -8 A ornal b Tt RE 1B RE

i nt endedoraphl aalhtiion] 2, dmdr tan &eapaineasnbsantmily henpaegud @rlisbmgictensopd 4ror aThus,

in some ex | ary, enbodi ments of a polishin ad . 2-2', the plurality of
ool § st rig BTEHIIBTRO ey B algetam S AmreY AEbSH Rehsd TSGR patt or .
for exanpie.|, fNecat BRd @inspatch@tpBiout PElishURPQEhehtay Rrafffhd t8f thAsaré /Pl at e
or jig (not shown in the FIGs.) used to arrange the polishing el enents

bef or e bpmtidmgf the firsienagenmpdy 32 ¢fashest 180 c.28¥ihg dirccirtheangl bapditgorphithr &t i ty of
pol } shi ng,el.enents, 4 in e pattern using the tenplate or jig, the first
majllgr Si gegﬁgg}ot[%oé’v%\ﬁlp%@rtlfl ayer 10 may be contacted with and bonded to
the pluralityF@thep@bicsiwid beuaaaibosd that fiRrpotidanphads DY mded aetcobtpeisenl
bondi ng to the support | ayer or by using an adhesive, or other bonding

| .10,
nat er i al onlyRebsiotipdnidentical ppishing dementedi daUH AOTEEPIH ERRFOPLINAEONRT i r e
surface i r / - gi ons of
the. anoctrapgigh bt pditu 8 cGHBRRER hABEiodC o BE Al A ES' O
sone enbgdihophirslity ol eolxdlingdiemonte U e iiewil Isal fvetweuratersadodrthgeng wufbee cover age
of the suppart. layer of at |east 30% at |east 40% or at least 50% In
ful®her SHPHUBRLIARNY STaRgESHEPT RUPHYPUSBIRE A NS A daysigdtally dosperrdt e

cover agepcﬁfsh&@%le?ﬁ%@soi'Ena!yaaéq{sled)ﬁd@ahta%? ts#gﬁ%ftaiﬁ%%bo?hnéﬂ?ﬁo BRAYt 70% or

at nost about "60% of the“total area maj or surface of the support
| ayer, amoldbkingmail hednpy plivalitywipelishaig goheghidng el enents, the

cross-sectional area of, each | i shi el.enent,, and oss-secti onal

orenor The BBl Rt SobfmeRl G p i gt Ba b nTE SR 25 voont 1 y

pref erregk pokibaRHBE tRadrs€mh|or WrieloRtRdt By (FIG21) %As@p?ontlmrpol(mj!izo% gl ements
e

4 are integrally formed with sheet 13' and arranged in a two-dinmensional
ar Ry pavidervariety of ipattdrig, seperalingr onsihg entgmledfappheagipn.iagrd. the patigims migebe

g(r;(rjrg(r)z;[ ?r;%glﬁl%p 08‘1;[ irr%glylag fTﬁu%?inos%%nieoegg‘rlnpia?‘ygrglgoéireffegt‘s otfg%oﬁﬁ{irilé) Ir)]aa(i 2-E9Lhies hi ng

plurality of polishing elements 4 may be arranged in a pre-determined regular pattern, for
example, on a major surface of the support layer 10, or in a template or jig (not shown in
the FIGs.) used to arrange the polishing elements before bonding to the support layer 10.

25 After arranging the plurality of polishing elements 4 in the pattern using the template or
jig, the first major side 34 of the support layer 10 may be contacted with and bonded to the
plurality of polishing elements 4, for example, by direct thermal bonding to the support
layer 10, or by using an adhesive, or other bonding material.

The polishing elements may reside on substantially the entire surface of the sheet
30 13" or support layer 10, or there may be regions of the sheet 13' or support layer 10 that

include no polishing elements. In some embodiments, the polishing elements have an

average surface coverage of the support layer of at least 30%, at least 40%, or at least
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10di stribution | ayer 8, the optional adhesive 12, the optional conpliant

| ayer 16, the optional pressure sensitive adhesive |ayer 18, and the at

| east oneweubsit@atssal | y nonporous/transparent pol i shi ngpPelrasenio/od4320j as
descri bed above as suitable for use in a polishing pad 2 may be conbined to
formthe polishing pad shown in FIG 3A-3B. FIG 3Aillustrates one
particul ar shape of a polishing element 4. It will be 15understood that the
pol i shi n¥p%! érnglmhgr embggympets ftoe peléshing slemeniahaye sy cege pafacgsaverngg ofa
plurali tt egf(épéfe)ﬁ)tjl 15%}'0?% 1%'0%%8{1&%044 @%{oggat}o\ﬁ?ﬂfbo Jk %10(51{ {B‘o%{ &% o?tﬂ?epes may
be advantageously’ used and optiondlly arranged in a pattern to forma

pol i shi ngtapactadf the agjorlastact betheabppet layér, id ddterbenddisyt the hutmbelesfst ood t hat

t he sane shape or a different shape may be used to produce a porous
pol i shi PlehiBge %IFS,&q%?%éppwaﬁ?r%Oé%‘gtpgﬁﬁhl% Fl;?m?@hawg@ﬁous pol i shi ng

e'eﬁﬁnt;mﬂ$4mmm%ﬁl%%H%fﬁ%ﬁﬁﬁgﬁﬁgpﬁﬂbOdi”E”ts, the cross-sectional shape of

the polishing elenents 4, ‘take rough a polishing elenent 4 in a
di recti on genkeraaldxymphirmpembédditment dfer pedenthiprdersad fecbingpad Baltusiated by del y

dependi t | nt ended |ication, Al ugh, FIG . 3A shows a generally
eyl ndr 1 55 S0t FhF RGO aHReS At plpeie haRarg] M ehet el and sudnddn o
section, 3 RIJI8InGERAN2QG PafeRlonIRARRS nAf? sRRSIITlsRec@Nd'. MRYilPE: desirable in
certain enbodi nents. Thus, in further exenplary enbodi nents of polishing

pads 2- 2understdaddhatgnyoff thehiptignal lermeniess. shesoptiasalmodivhiog soypereider | bed, the

poljshi ng el enent s selected,to h a cross-section, taken in the first
RoIber! olsEbEIETh e e RRAGR O trofloR e kh e B i gpflohdl

r ect angupragsurcadsitiv@pdegive ayer 88)cing Aidditnalst enssubkheiteoly 30For general |y
cylindrical polishing elenents 4 having a circular cross section as shown

i n Fl Gs. hoswmorms/tiapgpagqng gelishéng ¢lement 4d) endaseibegrabprieasywitablyiforgiselivprent 4 in

a direct] I . 1shi 4] in sone
rbod: mebd B HEDEN Behdt AR bl BBAERL Bl M ERTIGI AR, 1 SO
still nore prEiGRabillystedted @@lartidnbi tshdperafa pofistdeg tieimenefibbavilbat s, t he
cross-sectjonal diameter of the polishing elenent 4 in a directjon

ei%r al |'yn %%%tg@t tggp?lﬁél%cﬂl?r%?ﬂeﬁéH?MergE@l@&niVém}ftﬂyr?%tSh%oﬁﬁd tg@“’mn mor e

pr ef er ab@ﬁﬁ@()%isﬁﬁg%nﬁeﬁt Mhavild twlo Sh&re R BLrESARkes t about 12 nm

In sone nts, the dianmeter of the polishin elé1 nt, taken at the
pol i shi nglvsutrganslyised amd/ofsmnhlyparaipedin &Patidrmtd oraboudlisRAgpay 2iXhacer t ai n

sttt LIS ST PE TR R TN R
may be used to produce a porous polishing element or alternatively, a substantially
20 nonporous polishing element.

In some exemplary embodiments, the cross-sectional shape of the polishing
clements 4, taken through a polishing element 4 in a direction generally parallel to the
polishing surface 14, may vary widely depending on the intended application. Although
FIG. 3A shows a generally cylindrical polishing element 4 having a generally circular

25 cross section, other cross-sectional shapes are possible and may be desirable in certain
embodiments. Thus, in further exemplary embodiments of polishing pads 2-2' including
polishing elements 4-4' as previously described, the polishing elements are selected to
have a cross-section, taken in the first direction, selected from circular, elliptical,
triangular, square, rectangular, and trapezoidal, and combinations thereof.

30 For generally cylindrical polishing elements 4 having a circular cross section as
shown in FIGs. 3A-3B, the cross-sectional diameter of the polishing element 4 in a

direction generally parallel to the polishing surface 14 is, in some embodiments, at least
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I n addi ti onal exenplary enbodi nents of polishing pads 2-2', the polishing
10el enrents 4 may be characterized by a characteristic dinension in terns of
a hei ght ,wei2dting2ead/ or | ength. In certain exenpl ary enpotiuseoss22ohe
characteristic dinmension nay be selected to be at | east about 50 gm nore
preferably at |east about 1 mm still nore preferably at |east about 5 nm
In certain enbodi nents, the cross-sectional dianmeter of the polishing

el enent @ouhS5Quugn meEs Prsferadnet lapdt pborlanmestilt morchrelsembily #i lagt sbtace 14 is

at 15nos t . I . HR?E . N il mpr e
prefer abﬁf Iﬁﬁgfﬂlrrct?s?ma Obg{ﬁﬂ&%t%ﬁé%?sgi P@liacl)na eé%%meaéoglsgﬁggﬁﬂ%&\?? t he
pol i shi ngdiedctior gtscraltyeparhidy] ac therpokisttdndyurédce l1dds it mose abdut 20 meinginbre rom 250

to 2,500 [ftm,,awdth 1 mmto 50 mm a |ength from5 mnto 50 mm or a

di anet erprsf%e@%ﬁw?srmb% 15npnstil} poedhre ra&%é%éﬂ%tgi?@ﬂté%%@i MEPREE one or
mor g Of Ao RALAShOGiaflRABRUR 1hinTRIREL RAh QMinc281i0hifg ARFacexgmpl ary
enbodi nents, the cross-sectional area of each polishing efenent 4 in a

di r ect i omagbaéval dbpupsl ainl telabdwa 20hempidl desthinngnisudirhatetht4liamayr ibéoat | east
about 1 m®, in other enbodinents at |east about 10 MR, and in still other
embodi mehost himm gsakous by mm.gnd sipothgpembodipenis theesrempicalignab ieBNiGtht s, t he
Cross-s i o olishing elenent 4 in a direction generally
par al | eleﬁt(%rz[)l%tia et%(%mflatso%{bﬂgtafs:zt}? ace 14, may 25be at nost about 1,000 nmm®2, in
ot her enbodi neriddit@halnosnpédoy ambddithentsidf pahshingpaisi2k-2', the pelishémdodi nent s at

no aboyt 250 mMm?. The oss-secti.onal. area of the | i.shin ad in a
i Thct i oHmEaR A brseicared B & Lo SGr PR O I REUA g BAH ey
in some gxesmbdily RIRedinERkDlary 8RBSIiHAM MBRHirad@fstt BmkRsigPauYy 1300, 000
cn2, in other embodi ments fromabout 1,000 cnPto about 30100, 000 cn2, and
in yet otchetedgnbodi lmesitaboutfS0qum abowtpr&eBy adtist dboabbdutm 56i]160@ccn?.

Prior to the first use of the _polishin ad (2.in FIG 1, 2' in Fl 2) in
a pol i shPRETHRerEFIHADY A et S PPy t%dﬁhﬁﬁm%:seéé%ﬁl %Pﬁtgh?fg

el ement tﬁlél'pf}l'isﬁiﬁg &biBnt Aind) dirc@ub L PR Al NS the E&ish‘ijﬁg §fefab®04 is at _
substantially normal to the first major side of the support layer (10 in

FI . 1-@pst abput®rmen moexpnefsirahly aembs dboenitSsmmt ktell potd prhfonaplehionesit s ext end
along the fjrst diyection at |east about 0 at. .l.east about 0.1 mm at
least avtbt & 2t ol i Ralieen ity D808 mes- B rafsiBESEmABRde 0. 5 rm above
a plane élﬁﬁdcttﬁii'z@@‘tl%' bBelc@RbhoBA hEPR &Y tEDFPP I b WIdii 1Sdkd 9W0IRM, h ayer (8
in FIG 1, 8 in G 2) and/or optional guide plate (28 in FIG 2). In

ot her exlengthdiopm &myade A Ams oraiddameiey affiay | enare AP snrex Ieerdtad] Sweplds fir st
directio - - t 4 nmost about 5 mm at
nost aboﬁ?@@nﬁr{%ﬁg’aﬁgﬁgﬁo}gg% pghsrrﬂr}%?‘(’;S %lreglgl?tgr%‘sp% glr)gc?uhto%wrrm above a pl ane

i nebudi ng t helnaphdreRamphs) ¢rabodigento,fho stdss-edttidhstardaduftcacinpdlayite (8 in FIG

1, 8 in FIG 2) anpd/or .
element 4 1n a direction generally parallel to the polishing surface 14, may be at least

about 1 mm?, in other embodiments at least about 10 mm?, and in still other embodiments
at least about or 20 mm”. In other exemplary embodiments, the cross-sectional area of
cach polishing element 4 in a direction generally parallel to the polishing surface 14, may

25 be at most about 1,000 rnrnz, in other embodiments at most about 500 rnrnz, and in still
other embodiments at most about 250 mm?.

The cross-sectional area of the polishing pad in a direction generally parallel to a
major surface of the polishing pad may, in some exemplary embodiments, range from
about 100 cm? to about 300,000 cm?, in other embodiments from about 1,000 cm? to about

30 100,000 ¢cm?, and in yet other embodiments, from about 2,000 cm?’ to about 50,000 cm?.

Prior to the first use of the polishing pad (2 in FIG. 1, 2' in FIG. 2) in a polishing

operation, in some exemplary embodiments, each polishing element (4-4' in FIGs. 1-2)
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10optional guide plate (28 in FIG 2). In other exenplary enbodi nrents (not
shown in the FIGs.), the polishing surfaces of the polishing el enents may
be nmade fwoghiwmistisét he exposed mmj or surface of the optipomals2@oloszhi ng
conposition distribution |ayer. In other exenplary enbodi nents, the
polishing surfaces of the polishing elements may be nade recessed bel ow t he
exposed 15mmj or surface of the optional polishing conposition distribution

| ayer, dafﬁ‘d? B@@am@]ﬁtsy?menﬁu%wwly Rorne trigdirstanaier Bariobidy swport he
aborcd a0 ﬁﬁffec?sc £ 1t &?taﬁp%)#eﬂﬁﬂ%r%ﬁllb'oai%eﬁ\%f ﬁ%@%ﬁl%gﬁm% Fe&tﬁ%ﬁg on

| ayer, exanp y’Trenova I'on o poli’s
conposi tailemg thi $irstidigtticnatlléageidbousS0 eiim edridedi atent 8.1 may, ddcaacmant 6gséoual y used
W th poliﬁhing conposition distribution |ayers thatl%hf el ected to be

q

20abr aded! &5t Ehoghied By i) [ekabost V- AnmGLRTGLR Blgae Bie £ PR

condi ti oying:.pr, ; i i shir . i or

S ol BRI BRRESRE BRRINEGN 8! (nAG; BN REERAR) BELGF Sl ol PO

each pol plstei(®ireFl€h@nt Indotherextmpbisy ainbodintchis, the petishdng et catendl east about
0.25 mm .at | east about 0.3 r at | east abo 0.5 nm aboyve | ane

el udh e dashreson qhistst Bgul 4P Fyh Fist PRS- SHOT #Es gpout .

addi ti onalmApeyRAB |r§rhﬁat€fﬂ$%@%d’fﬁ Dldm, 6N ot SYut @fmhRGoRO %l%ﬂé el f ace (14

in FIG. 1-2) above the base or bottomof the polishing elenent, that is,
t he hei dtht opt{)nadpolishengesinipoisitiog dedtebrsion lapey (Heon B3, 8 FIG)mmd/or. 0 nm 1.5

2.0 2. 5. 3. nmm 10 mm or nore, depending on the
gghpshiHgg%%ﬁb%%¥¥$%ﬁ(g%gg%%ﬁ39the mat eri al selected for the polishing
el ements. 30RefshdricREMPRA}F Enb&imkAs (noksBowh Rethd Mﬂ),&@ﬂ&&ﬁﬁg%ﬂrf@éest he

apertures gG in FIG 1-2) throughout the optional polishing conposition

di st ri buefitbapelishing qlgmenis prpsbe madg fluph withdhe eyposgmaior sfacewathegui de pl at e
28 (FIG 2. | i . r if] In sone
embodi netit e TGl G Rok ey A BRERRARH Yyl in DR Ry MbodthORESR 0 P e
subst ant padishipgisorfipdeanétheqiolistiih@ticarnisirhdy berdpdciccésocdbowttiesxpand t he

pol ishing conpqgsition distribution layer (8.in FIG 1, 28 in FIG 2) and
guildle plBpier surfacg of theyaptiansl pagemg EPRP N GBIy i bHRFC WSS hi ng

conposi t{,9q f;%s‘ﬁt&iiﬂgl& .hflaﬁe k%G d Byl ﬁd,ﬁl@exr%(s)e mapek SurflcBof fe. gﬁ%lr opti onal

gui de plate n sonme exenmplary e Iments, the void volune
cr eat ed fwtishing cempesisomdisoibutihe lqyet, ifsthixagpéd, bypreerhevadl ohbpertioany thept | ona

O e e g Sl B SP R o el corpesi L on
di stri butdvamta@loudlyRRbd S$ithHB1iSRAP BsthpdsAbrodsttiBeHA{ &S tha@hretBRcRAYD B!
pol i shing 10conposSition distribution [ayer (8 in G 1, 8 in FIG 2). The
pokP shi ngjr@d,eém igrasled during the polishing process or in optional conditioning processes
applied to the polishing pad before, during, or after contact with a workpiece.
In further exemplary embodiments, cach polishing clement 4-4' extends along the
first direciion at least about 0.25 mm, at least about 0.3 mm, or at least about 0.5 mm
above a plane including the sheet 13' (FIG. 1) or support layer 10 (FIG. 2). In additional
25 exemplary embodiments, the height of the polishing surface (14 in FIGs. 1-2) above the
base or bottom of the polishing element, that is, the height (H) of the polishing element
may be 0.25 mm, 0.5 mm, 1.0 mm, 1.5 mm, 2.0 mm, 2.5 mm, 3.0 mm, 5.0 mm, 10 mm or
more, depending on the polishing composition used and the material selected for the
polishing elements.
30 Referring again to FIGs. 1-2, the depth and spacing of the apertures (6 in FIG. 1-2)
throughout the optional polishing composition distribution layer (8 in FIG. 1, 8' in FIG. 2)

and/or optional guide plate 28 (FIG. 2) may be varied as necessary for a specific CMP
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protrude above the polishing conposition distribution layer (8 in FIG 1,

8 in FIG 2) by an anount that depends at least in part on the naterial
char act erwetntigsefsét he pol i shing el enents and the desiredTfusesvont22pdl i shi ng
conposition (working liquid and or abrasive slurry) over the surface of the
pol i shing conposition distribution layer (8 in FIG 1, 8 in 15FIG 2).

In another alternative exenplary enmbodinent (not illustrated in the FIGs.),
t he presagessi Sriosagrabqshimontsdbe polishine pledeyd(4-4Hn KiOpddPliaierasdi ng an
organi C_ Ryt G sgkﬁaﬁtia'ukﬁﬁ FAQQr &ie%‘?a%f&ﬂgfiﬁloﬂégﬂe@{‘é&%%e%gle\f Thy (R oEShingNer €1 n

t he polishing pad has a R4S maj or Side and a second maj or side opposite
the fir s¢ontpjsiionsiidebutindafad (8 heFIGMe2@IMFIAL. 2) eddguidaplaas 3 12@hdprofdct st and

second mgj or sides conprises multiplicity of grooves extending into the
si de. |%@? {he; Wé&%ﬁ%ﬁapgﬂ Bl ShEgrcompopigiop disGriRukion At & @Jﬁfﬂ Io¥ from
aboyt 1 miGEO &ﬁ@nﬁﬁghmﬂgugg 198000 pm In further exenplary

enbodi nents, the po In as a circular cross-section in a direction
subst anti al | ylnnoneeixemplarhembodiskenantic seclomdursé dested bidlretxtertshoa ofithel e

defines a,radial direction, and.further erei.n e.plyrality of 25groove
SO TS s g T U R AR TR R A B
ot her exgymRhakXoRFBatbMBRIfUtBRlayet (UntFIE! €X' INFIA®) FlaGSHrovidé RRnPRIT Shi ng

surface of the textured polishing pad conprises pores in the formof a
pl ur al i t4istoibuidéraefirepaishingepmipnsitiae hn dirasurfete efthenpisorat palsshingt | east a

portion of the. polishing surfac r.et.er Y Rea di.rnection generally
borh o PR R B f e ATk R B aREER RSS2 oY cut e
channel patdeaionsas goidhiak |0Mm?6ﬁﬁdﬁddi@trﬁ)iuﬁ6ﬁllﬁfy@f @e€I1af 1.t pidl. 23 b ng
surface in a direction generally parallel to the polishing surface. In
ot her endBodneHswthat denpadpateast in Raren e amieriad chypeiemstics pf &g petislingi al | y

d ' irc i ...00Li Shing. su .ot h
ol ar o HaRs LS oObPRYRRine bbby BR LS LAES ke B0,
t wo- di mestsirpnader arrsayfaaf ofthapeiashing conosicion diaatbutibanaet (SixtkGds, #dt 0ss onl y

a Eortion of the polishing surface. In further exenplary enbodi nents (not
i | st ra€2n the FIGs.), the channels nmay 5have virtually any shape, for

exampl e, cyli i i ' ; i i heri cal ,
np yl i pdhibaal altér%:létﬁz'l%%&ﬁ baryf @rﬁB@t?&%%% 1‘(1)13&9&&9&14@& Flcﬁsgféﬁh%p

and conbi nations thereof. In so exenplary e i ments, the pth of each

channel pmscat disclesitre provides sttexttiicd lpblismog pad intlodingenpogimhpargcdatcffdice of t he

olishing elenents i.s selected to be.in.the r e of ,at | east abayt 10 ium
Sl PRt W e A S A L Rt et e
2,500 !5 a sbcORPMBY sildB oPHRRE IRXRRIPMA0Y sidl, RATREhIRIMSoin bRast one of

cross-sectional area of each channel in a direction substantially parallel
t 020 he pbk ifistiiangd sepand argorsides kempusdsshmwigip¢ibnefrargovos cxiehdivg o tle be in the

range rom aRokaih 2xRABAR bSI AR SR ghdovBPhavkQ ABAUSE ork 28R 1978
micrometer (um) to about 5,000 pm. In further exemplary embodiments, the polishing
pad has a circular cross-section in a direction substantially normal to the first and second
sides, wherein the circle defines a radial direction, and further wherein the plurality of

25 grooves are circular, concentric, and spaced apart in the radial direction.

In other exemplary embodiments (not illustrated in the FI1Gs.), the polishing
surface of the textured polishing pad comprises pores in the form of a plurality of
channels, wherein each channel extends across at least a portion of the polishing surface,
preferably in a direction generally parallel to the polishing surface. Preferably, each

30 channel is a circular channel that extends radially around a circumference of the polishing
surface in a direction generally parallel to the polishing surface. In other embodiments,

the plurality of channels form a series of radially spaced concentric circular grooves in the
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The conposition of the polishing pads as descri bed above includes a

conti nuous polyneric phase filled wiwth a non-interactive organic filler.
The contiwoaosl/gseisgneri c 15phase is characterized as beiPng/us24les20pl asti
or thernoset elastoner, while the dispersed phase is characterized as a

t hernopl astic or thernoset polyner. In sone exenplary enbodi nents of
pollshrng pads as descri bed above, at |east a portion of the polishing
surf ace RUWpinEseEace. tIpethep premnlay eﬁ&Oﬁun@tth@@éﬂluaﬁata@r {heaioees 1o ke et hane,
an epoxi r V.

vl opertiads e -G 3 EB BRI WA Tach Db ou R bR, cor 11
sone exemﬂyamym&mhﬁd@apﬂkﬁmghuﬁakishlng pads |nclud|ng a plurality of

polishing ele ts 4, at Ieas one of the polishi el enents conprise, as
a continuous lﬁén h%rrexswa@éy ?451@%;61% r%ra&érlymee%@&r)et ¢ SRaEISYN%Y ed

pol yur etme% iy GROXA 2R epwrer@ﬁlﬁ Qng%ﬂme@raﬁg&\ar ] Sloidh vinyl
resin, a cyc ope e resin i ny resin pol'y cry ate, or
conbi nat lilammspltehealeax[d coZlﬂjlmtmas tlwreofehesmhm)genqﬁm@nfmdmmnts, He dmpgmf i C

articul at I I c e ast her nopl a nmer or a
P her moschehshymst bive S B SO B i s ShnE BB ol it o
filler C&&Héﬂéﬁssse?efcteh%%é iPfE r&fge%f@?l'em'a%dtrlo pﬁn OYsGhh C5 P }’P(b(?ru'nnto or a

pol yol efinic thernoplastic elastoner. In sone ticular exenplary
errbodr meationt 10,080 p@l yohefinn 5i0003eh,ec30durhy DOOPEmy dh biHee aesmbadyy pr opyl ene,

h%butylene pol yi sobut yl ene, 30pql yoct ene, .copol ymers_thereof, and

i nat §ePRdimpRp éB? ClOfS- %ﬁcrreralér@n% caghychappd di ?réirfﬁ%twllt@ﬁb%m&élmpéml el

part cul @ufi plilshf s%PfQPef#fStﬁé RS rﬁ?rltygls%le Kod Y8 HET HUEL @tﬁlo%l WY ITer
such as, for exa e, yer % et hyl ene oxréé oly (vinyl
aIcohol)75ﬂ@b&nﬁMhﬁ&&@@Xnﬂﬁjmdmﬁﬁﬂixm@iuﬁ rylrc acrd poly(neth)acrylrc
acid, conbinations thereof, and the Ii further exenpl ary
embodi ment s, FHeCORRpsHiIoR Oéélretml,ﬁhlag @arlﬁ 4S| @rcréﬁﬁﬁbpgee@clr%%ﬁ EHGIRHOENS t o
about 90 | I | ary
about SORAcHERAS 8 G361 RALIENLAGC BT Besihaneloisaenp ory
one5of apHastigtchafacienead as(b@g}ﬂﬂhenhmlmtoeﬂ&:nnasmu‘stbnfer ovhile thodRpérsed
m cr onet aﬁ%&saglﬁragw val ent herl cal diameter of from5 to 10% m cronet ers,

or a co (2L rsath Op’rrr&C,%r SERPYTG PRV BIB NS oS XEBE E onpr i se a

rei nf or CERLRAYAE bf PS1isBITRETads WRQSHB&! JHBLE k Bast 4 ElsbNBe pbR¥higxanpl e,
metal particulates, ceramc particul ates,

surface comprises a thermoplastic polyurethane, an acrylated polyurethane, an epoxidized

polyurethane, an epoxidized rubber, a vinyl resin, a cyclopentadiene resin, a vinyl ether

20 resin, and combinations thereof. In some exemplary embodiments of polishing pads
including a plurality of polishing elements 4, at least some of the polishing elements
comprise, as a continuous polymer phase, a thermoplastic polyurethane, an acrylated
polyurethane, an epoxidized polyurethane, an epoxidized rubber, a vinyl resin, a
cyclopentadiene resin, a vinyl ether resin, a polyacrylate, or combinations thereof.

25 In certain exemplary embodiments, the organic particulate filler comprises at least
one of a thermoplastic polymer or a thermoset polymer. In some exemplary embodiments,
the organic particulate filler comprises at least one of a polyolefin, a cyclic polyolefin, or a
polyolefinic thermoplastic elastomer. In some particular exemplary embodiments, the
polyolefin is selected from polyethylene, polypropylene, polybutylene, polyisobutylene,

30 polyoctene, copolymers thereof, and combinations thercof. In other exemplary
embodiments, the organic particulate filler comprises a water soluble or water swellable

polymer, such as, for example, polyvinyl alcohol, poly(ethylene oxide), poly (vinyl
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10pol ymeric particul ates, fibers, conbinations thereof, and the like. In
certain enbodi nents, polishing elenents may be nade el ectrically and/or

t her mal | ywoandustisée by including therein fillers such aT/usasioo62205
graphite, netals or conbinations thereof In other enbodinents, electrically
conductive polynmers such as, for exanple, polyanilines (PANI) sold under
the trade designati on ORVECOM (avail able from Ornecon Chem e, 15Ammer sbek
Ger nany)aleahpDpeolydwiay! mirehiderempelpestiylia #red. dobi methgedrylc apid, ccrebiratipys
conducthﬁ]ﬁgibhgh%lﬁgjerenced above. _I'n some exenplary enbodi nents,
to generate the polishing elenents, a continuous phase polyner resin
precursor syskemthayexb@phiry tbodifrichts atheoedaniu petcudatg Atieccopairisec fibat e powder
to generate a reactive slurry co ta'nin%gthe disper53g-qéganic particul ate
phase. HE> Toitp pRePt PRy Weleht ofsagh palshingesicnentc 4 pddfionsd £x§mplado a nol d

or b-st a&ﬁ@od@xﬂ@n@ﬂk?g %@‘}ggwﬂb{?@ﬁ &S Egﬂr%&?{eﬁtb? 6@le‘a§tt&n%lro'?§q’ensg'tﬁ frgtae

conprising I ntegra pol 1 shi ng enents. "Upon at |east partially
curing the po0Gmurometsisna priéthdreob to A5G meedmhbiays, ag cqnealdesphadapat t ern of

pol i shing el emepts abt ai ned, and the sheet y subsequently be
Cecur ed SERSSERREPPD 100 Shgortaryar A8 RGP LG ant pol | Shi ny pad.
Al ternativel yTRd G 1RRHEFRIN AR meW BRSO EdmpANES reliRYrcB& pbigHicndt §ifled O t he
integrally nol ded poli'shing surface during filmcasting or nolding

oper at i otrsnpositpmetsial encleding tivovexanuhe siofd pasticalates, brampqirtianlaeier e t he
bottom surface of .the c |iant, material to t yurface of the polishing
o LD o™ SHi AT Bk RaS AR, B RIS Rt oadd e Tk e PRl SPPAREAS ot s
of pol i skilRBinpatsndss Mep6E inaedcrbeialy iftitordRgealails _baducsvs b Crﬁlddin%or med by
a phase separated polymer blend conprising a continuous_ pol yner phase and

an or ganthercguiillers sicktas, ¢arbere graphiie.gestals er pembinationsikireefods ofsr yner phase at

e cont PTTEHEEy Tam oA RoRbucting R FEH P8PSR bR B AL RO T C"

parti cul siesndek die texdanipsignatioy GRMEBCDNI(agrilable franh Ormgc@o@ikirhiepns and/ or

duration., Pol ric filpms generated fromthese type of inmscjble blend
sydPens zéwareaée rPeImaEy) mgy gﬁé‘éedv Wéthcﬂré’ﬁ%‘fo%fge afeggml@y B&ﬁhﬁmﬂm e phase

when suQ&ﬁﬁ%&g@qQk§§§g%Hk%dggoégoring. Therefore if a pad surface is
5generated fromthis type of polyneric blend, the surface would be

char act er i zednsamehkavmpgrpembaditgntscegenemy the pohishing dérectds, ngootinuakease of
t he di spersed or aniclgarticulate

ermbod eSS Pl BRGFSI g Bror Sees T i BiTpast SEOHE PoF LB
pol i shi nghvedc@ MR RdnRrddY a Aacli€agtrrPasithidlohthé 8RPMEoBhnit BasudtcMatd on of the
o %1 e The filled reactive slurry may then be cast directly into a mold or b-staged and molded
under pressure to generate a patterned surface comprising integrally molded polishing
elements. Upon at least partially curing the polymer resin precursor, a sheet having the
desired pattern of polishing elements may be obtained, and the sheet may subsequently be
secured to a compliant support layer to form a compliant polishing pad. Alternatively the
25 compliant support layer may be laminated to the integrally molded polishing surface
during film casting or molding operations. A pressure sensitive adhesive my also be used
to adhere the bottom surface of the compliant material to the surface of the polishing plate
used in semiconductor polishing.
In any of the exemplary embodiments of polishing pads as described above, the
30 polishing surface is formed by a phase separated polymer blend comprising a continuous

polymer phase and an organic particulate filler immiscible in the continuous polymer

phase at room temperature. The size of the dispersed organic particulate phase can be
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10particulate filler 15 fromat | east a portion of the polishing elenents 4
of polishing pad 2-2', thereby | eaving a void or pore vol une correspondi ng
to the vowvomeipserssousl y occupi ed by the organic parti cecatus2diolobr2os 15. | n
sone exenpl ary enbodi nents, the organic particulate filler may be sol uble
in a solvent in which the first continuous polyner phase 13 is
substantiaIIY i nsoluble or only partially soluble. 151 n sonme exenpl ary
enbodi mespngolledhby eprdebing tha peitield sigcoftthe dispersasrseinepatticylatcerfosol ubl e,

wat er s (N r j : e n
aqueouswg%kgg%ﬁy?émgﬁgégpg ﬂ%%% 3gﬂgﬁ%g@%@%%gg&igﬁ%ggﬁggzﬁ@%?%mg&%%%tion
of the ofrganhse pgictdftmhaictblt bldneésystéms cloimcadrestiodllynddice thxodibsidcd@rgdngorent s 4,
t hereby creating one or re porous polishing el enents. Suitable water

sol ubl e RBIGHE @hﬁ%’rl@a@qﬁswg & ﬁwt@ﬁé)résara@) ,ﬁﬁﬂ vezgfe quiwgaﬁ Bohol ), poly
(viayl p I : [.C:.aeld, i ] & n.copol yner s

t he?eof %ﬁrntg altéélﬁﬁ(g{?)t% %@lﬁe@??%? C?gér%g i trlllgftg Pﬁ@ﬂg?g%%&ga%ieqlhﬁ gcer tain
exenpl arhavargmdongntsultinghomgheseddmglov egitase of gel degessdd bogabe pantecubde ki ng
l'iquid %ggd in a chem cal nechanical polishing process, and this working
liquid i®%Sed to dissolve and thereby renpve at |east a portion of the

organi ¢ partigyiRdrexbinplaff crkBoAREARMA MORIG of RIrEs Beldakliingt BhEIERE 8 4,
thereby creating one or riore porous polishing el enents. In further
exenpl arthe pabshdigreamenty by pbleass ivariglipacnowsg dielseyt plpetticad ks onghgicor gani ¢

particul ate fill.er ri ses from.abo 1%. .2. 5% 5% .or. 10%. to about 50%
Book ' Zovkrggtics GcaboRY AERat POOREE e bl g e ot tfind B ar

exenpl ary230rmgdedveit $voitilve peregirke &ﬁfésF@ﬁdiﬁg ® the kblemeiprevib@lpct eri zed by
at least one of a length from5 to 5,000 [tm a width from5 to 250 [tm an
equi val e?fcuRis By ithodreehiapeticplatstiiliar di B sama gonlsy cabodingibiltat i on

t her eof . | e, . 1 i 11.C s . ially
uni form %ﬁ%%%ﬁﬁﬁlgﬁa%&r%%%@esﬁ H]I%Ee{ #sa Sgh\%%gllna‘lr]lﬂl I ghr?e gtrC%(I)lPﬁ%%%ﬁ)gg@&I [tm 5
[tm 10 pHase 123 dubstantBy[ihsolubtdOorf bty poiallyselubled at nost 200 [Lm 150 [Lm
109 [Lm 90 [Lm 80 pm 70 pg}_or 60 lam |n further exenpl ary enbodi nents
of gmy of t helnpsemesqniplﬁala&ziﬁg HmERtiSHBg OLgIgiFgarticulate filler compriseS a water

soluble, water swellable or hydrophilic thermoplastic polymer, and water or an aqueous
solvent is used to dissolve and thereby remove at least a portion of the organic particulate
filler 15 from one or more polishing elements 4, thereby creating one or more porous
polishing elements. Suitable water soluble polymers include poly(ethylene oxide), poly
20 (vinyl alcohol), poly (vinyl pyrollidone), polyacrylic acid, poly(meth)acrylic acid,
copolymers thereof with other monomers, and combinations thereof.
In certain exemplary embodiments, the aqueous solvent is selected to be the
working liquid used in a chemical mechanical polishing process, and this working liquid is
used to dissolve and thereby remove at least a portion of the organic particulate filler 15
25 from one or more polishing elements 4, thereby creating one or more porous polishing
elements.
In further exemplary embodiments of polishing pads as described above, the
organic particulate filler comprises from about 1%, 2.5%, 5%, or 10%; to about 50%,
60%, 70%, 80%, or 90% by weight of each polishing element. In certain exemplary
30 embodiments, the organic particulate filler is characterized by at least one of a length from
5 to 5,000 um, a width from 5 to 250 um, an equivalent spherical diameter of from 5 to

100 pm, or a combination thereof. Preferable, the organic particulate filler has a
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5t he sheet 13', support layer 10 or textured polishing pad may be
substantially inconpressible, such as arigid filmor other hard substrate,
but is prwbennbisyiséonpressi ble to provide a positive pressarseoidios2os ed
toward the polishing surface. In sonme exenplary enbodi nents, the sheet or
support |ayer may conprise a flexible and conpliant material, such as a
conpliant rubber or polyner. In other exenplary enbodi nents, the sheet,

10supporfubptaytelyomifeas speerpppbshapalsng criibis mediapshgipaesofist teapiolyiver i c

terial I [ terigal s bei 0 t Al
emboa ment 2" TR B EEED' o TR B Y AP B o0 B R B g .

enbodi megt gm, 2dmopedd edl | f oam may be used. | n additional exenplary
enbodi ments, the polishing el enents y be_for W th the support |ayer as
a unitary she@fughersgermpkingmbe Wémsg)?‘amfp&@apt) mﬁ’ep@sda&s%ﬁr@eﬁawe; whi ch

may s be atlha' %&Wﬁs '?%I?BP{; ‘I?a bF )1/@ ?mleu%& %%fé?%gg%ﬁ ln?aXque'substantiaH;h e sheet or

support layer i iquid i e, "to prevent  penetration or
per neat i inporopressiblor sichgs & rigid fillm ot @harhathsubaghte t the isppfeoattly tayeessittlowever ,

in some enbodinments, the sheet or support |ayer may c rise liquid

per moabl © YA AP S{VEPERar o SclFABHBI AL PRI HIES OBt PBRATBRFR er ¢ nat
acts to QREMAENS thé HHePbl suppl¥ PR LEAPHQM BOGIcRAA BBApHAN ntdkygh the
support layer. Furthernore, 1n other enbodi nents, a porous sheet or support

| ayer naspches asemphaht awhbayeopdymer. florothet angrhplant enbastiments,ghewhakti.ng | i qui d

(e,8- a polishing slurr at..the interface between the pol.isshing,pad and a
wot i ecBBatd MygPptiatah ek M B S B GBS P B AR S PR heot or
support ﬁcﬂ%@éﬁd@me@i@mei@%réfeﬁ’é@OIWd&tﬁirpeﬂﬂ&Id@rhbtﬁb, S@ke etlethahisanyshd i cone,
nat ural rubber, styrene-butadi ene rubber, neoprene, polyurethane,

pol yest eprefopsilyadthnygle meotherrpmbod Hagiaend Apen ¢rdlrfopm mayebasthedt Inrdditignsbr t
| =T . . A . o
1T er o Sheltfdrl SnbQR|S heholtife VRHGH M/ bR RAR RSy BydraSuch s

orcing-agen
Pol yur et hamesy llas¢eodgtishingehehdne difix@htotthe stppoityayesefhith slagdt aor support
| ayer 30 materials, with thernn?lastic pol yur et hanes (TPUs) being

pa ?icuI%¥W$E%H%?%??Eﬁﬂwph$§@ﬂ%.%FésentIy preferred enbodi ments, the
SUPPOT | aY SIS T SRS 43| BELFR foulTBioebRLADIL A pEYaTRLAuir iy ESTANE

TPU (available from Lu nced terial's, Inc., oH), a
TEXI N ororpESMIFRKAN of RWdrkingiliqatl ietdf arahroBgly €rc sWapat lagkr. Séowenee,in Bome sbur gh,
Zﬁ% t ﬂ' e PeFrp L Trlr_lbeA\nNSE, tﬁg) Hlege'? grasiulpg'obrlt Fayfellr’ r%g} E)gr\rllvprgs%el?au%i Il)emcloea %%&iteﬁl\glg la Orlllg’ M),
or in combination with an optional barrier that acts to prevent or inhibit liquid penetration
20 or permeation through the support layer. Furthermore, in other embodiments, a porous
sheet or support layer may be used advantageously, for example, to retain a working liquid
(e.g. a polishing slurry) at the interface between the polishing pad and a workpiece during
polishing.
In certain exemplary embodiments, the sheet or support layer may comprise a
25 polymeric material selected from silicone, natural rubber, styrene-butadiene rubber,
neoprene, polyurethane, polyester, polyethylene, and combinations therecof. The sheet or
support layer may further comprise a wide variety of additional materials, such as fillers,
particulates, fibers, reinforcing agents, and the like.
Polyurethanes have been found to be particularly useful sheet or support layer
30 materials, with thermoplastic polyurethanes (TPUs) being particularly preferred. In some

presently preferred embodiments, the support layer is a film comprising one or more TPU,

for example, an ESTANE TPU (available from Lubrizol Advanced Materials, Inc.,
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In sone exenpl ary enbodi nents, the polishing pad further conprises a
conpliant 5layer 16 affixed to the support |ayer opposite the polishing

el enent s.woheliosmski ant | ayer may be affixed to the suppomtusb@pms22by any
means of bondi ng surfaces, but preferably, an adhesive | ayer positioned at
an interface bet ween the conpliant |ayer and the support layer is used to

affi x the support yr r to the conpliant |ayer opposite the polishing
el ement sCl evﬂa@iarqlél A @ﬁﬁbmr@EﬁMOPﬁ%‘éTBHrﬁwn@hie rery SeyprsMpteairkbSarog,

conpres oy S l'i shing
surfacezlblg[%& %19 Pg%)f ﬁ?%gqéﬁ%@g%w (;égal&rbfl %&@ Fggﬁéﬁ g??ng ‘g& ishing. In
sone exeMmilarmgMIr)mldltHehkes t he support | ayer may conprise a flexible and
conpl i ant rrat erial, suc onpl i { bber ol ynmer, In other
exerrpl ary e pp@r?gigmp Fﬁée@ @F’Ptsi 9@9 1#% é}“gﬁl SIS peorgpliant

" €53 bl UYIRG ific IRbBIcr obRATE fhe mg R pfREC RIS Ay
pre erre In certain e nts, 5c|o d1 cefl toans nmay pre?erred
al t houghmaylb@aiffmed ethhleduprmnt ]syeréaychngpmans ef borfddwgmumﬁtyesbbuumeﬁdrablm asome

arti cul enbodi nent he co ri se
P b 1 o berue P Taruinet PR P s sBapis Sy A8 DR an e Supber
neopr enejs yRQ Uet n@%ﬁ%&piay@ﬂtbxﬂl@é&nﬁ{m oS GRBSIREhSlsheleasRE. nat i ons

t hereof The conpli ant | ayer may further conprise a wi de variety of
addi ti onal malneeitaingmbodohemds thid ¢dneplimnt bmrtls ouifernlly cofipissible to praide ci ng

d.th f er apl d bl
(aTE houghPul et S e ol The SRR §Find BT SRt BT ot onal -
barrier Wwerkplcgy aiiin olisﬁﬁigbllﬁ sbrh €l Bk din e einitdidirehts, M Osuppert Ca@phdagnt | ayer .

Presently preferre meric materials for use in the conpliant |ayer are
25pol yur@nhuise & floxibl %a Hsnhgaisaink pedh asr spnplispigupley or semamsl &

pol yur et e X I de

desi gnat(lp[o% %Eﬁ%ﬁ&fg@t&? %(%lgr;elel{rg’sf%gg{rllgj.o,r1F %gearg? ,6%6%]? 95% dlé%?? %lé% avai l abl e
under t hgolymademdesial fiedn@inpoizhédclidAdNEa ks boing Povieohé ninOc&ktamMnﬁHoﬂ[tdentM :

parti cul rIy LETHANE, 2102- 65D. Ot her s |table mat eri al s i nc|lude

pollyet hy$ %ﬁ’?é‘ cegkmmm%gre?qﬁ@ﬁ) althqygh inthes GpboingER g ORGH affll f}a@ri ent ed
PET 30V\Aﬂ§§,¥eg§/é’al‘ | abl e under the trade designation MYLAR as well as bonded
rubber sheets (e.g. rubber sheets avail able from Rubberite Cypress Sponge
Rubber Pr oduclnspmierpartjcuBairtbodingentsCie aongpdipntt lngertmadengese gpatyinoaricBONDTEX) .

material selected from silicone, natural rubber, styrene-butadiene rubber, neoprene,

polyurethane, polyethylene and its copolymers, and combinations thereof. The compliant

20 layer may further comprise a wide variety of additional materials, such as fillers,
particulates, fibers, reinforcing agents, and the like. The compliant layer is preferably
liquid impermeable (although permeable materials may be used in combination with an
optional barrier to prevent or inhibit liquid penetration into the compliant layer.

Presently preferred polymeric materials for use in the compliant layer are

25 polyurethanes, with TPUs being particularly preferred. Suitable polyurethanes include, for
example, those available under the trade designation PORON from Rogers Corp., Rogers,
CT, as well as those available under the trade designation PELLETHANE from Dow
Chemical, Midland, MI, particularly PELLETHANE 2102-65D. Other suitable materials
include polyethylene terepthalates (PET), such as, for example biaxially oriented PET

30 widely available under the trade designation MYLAR, as well as bonded rubber sheets
(e.g. rubber sheets available from Rubberite Cypress Sponge Rubber Products, Inc., Santa
Ana, CA, under the trade designation BONDTEX).
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In sonme exenpl ary enbodi nents, polishing pads 2-2' according to the present
di scl osure may have certain advantages when used in a CVMP process, for
exanpl e, wopooveseisai t hi n waf er polishing uniformty, a Pcatusesiopei2nshed
waf er surface, an increase in edge die yield fromthe wafer, and inproved
CVP process operating latitude and 5 consistency. Wiile not wishing to be
bound by any particular theory, these advantages may result from decoupling
of the pol i shinigmsigremplasy embedimcpis) padishing pefleiahtcsordingiotthepiesbl | ant

layer un §J1$§Gré‘&g§r ﬁ%{#&%ﬁ%&%dgéﬁ%%sivgll{lﬁ'%;ifsgﬁ’}’n aa{:l\@ﬁ;@gesk ht%r B&rﬁpﬁ@i ng el ements

to "float”" In a direc nor ma e pol rshi'ng surface of
t he el eniggirsvadheithis enifagiolistgng beif@alitys hiflagemadisiicl wafaosficeca inditaseg a
pol i shing process. 10l n sonme enbodi nents of polishing. pads 2', decoupling
of the pBIdgnfisyidd froards vfer e iByre e (FMPéHT‘é‘%?éﬁ?Eer?t%‘kgaﬁft“F}éeé li ant

undgr | ayceornsﬁggcsp%ﬂe ggm\f%ﬂi[ngﬁo ib@%eﬁmﬁ};{wigg&atﬁ ARbd.SRi AR5t i cle an

optional qui pl at e I nc Iing ap pert’ures extendi ng
t hr ough mherayuit denpdabeplingaritbe polrsbingrsajfacesofi tHegmdishiog alcsmnonidomiljcor

surface, wherejn at |east orti of each li.shjn | ement extends into
2 cor r osORIAL RepereTEne fad o e EdeHU g R e g B RTBR fonds

out war dl $f1daP o al R cBSE QMtalBAIBS notHiaf RGRe Polidhhe: QkfabothabRmehii&vIRRAL | Onal
gui de plate, which preferably conprises a stiff or nonconpliant material,

may be usethctiog theineliahing phdtospadikpicco dueng applovhing prpedssshi ng surface, as

wel) as to i ntain lateral venent of fthe el ements on . the pold shing pad.
2B her  ambett b BT TTBERERG bt el et B e &R T et
because thbB@obghadd @bmehts Wohﬁﬂh%%bh@ﬁatﬁfunﬁélﬁly@ﬂhﬂaﬁ Bt BGREREER: fcbor@ingt ai ned
and | ateral novenent is prevented gy bonding the elenments to the support
c

| ayer, pinet e pplishingartiplsapwpriona ghigemdpte AR isdidingw plyradite pbaesugisr ect 1y to
the S“ppé%{ténrg%f%t%@gg the %%ﬁeegl%tﬁ@%'ﬁr&% & RiALE PG dHnlgjr Wﬁ? f a wde

variety 0 riars, s S polymers, copolyners, poly B éﬁ:é, pol yrer
conposi teBeretrat tant pratiowocdch@bidfing Ac@biit itcthds am a conmpdpoadithig aperture,

non-conducti ng and |iquid inperneabl e pol ynerjc terial is generally
pr éf er r ethd %l?f‘aela5Pg}b%&ciﬁhwgte&ﬂm%t%@ewwwnﬁaﬁ%qg%Seﬁaﬁlﬁi n@mréw?@ce&éef ul .
In furthge ﬁ{a}eg%mﬂéoptmm gﬁgaé ahé‘%icﬁgaréfg%bﬁfrc%%ﬁﬂfseéjé S BSHEE MRy

further co e an opt’i onal shing conposition distribution |ayer 8-8
cover i ngeaaipliaetimbteaalp orayiberused toamdintagt themparal stickgatoin dftpelisineg surdacesasppor t

| ayer, as |] as the first majo rface 300of. the.optiona ide plate (if
br ssent ) SelfftogBRntestaRThg! WolboErend prdhs B - 1afE ey be- made
of a W denyfimeitY, HfwRel, WERIptienaalulc (24t8 is J&@?T(g@rfeup&@husmhé §7ating
conposition distribution |layer may, in some enpodi nents, conprise at |east
onél hy deroytation®f phsl pokshing Preafeatsrie thamfeinepiid laterg ohgremest is pedvigdied by

pol yur et.hanes ol vacryl at es vi nyl. al.cohql s ol yoxynet hyl enes, and
Corbi nat ToR0Y RERERA Bctpafflah BralbS R0 Tufimy b E TR He ShRE

conposi tdleehtayRéctRay teOsppbs ayar.hydrogel material, such as, for exanple a

hydr ophi l'i ¢ pol yuret hane or pol yacrylate, that can absorb water,
The optional guide plate 28 can be made of a wide variety of materials, such as
polymers, copolymers, polymer blends, polymer composites, or combinations thereof. A
25 rigid, non-compliant, non-conducting and liquid impermeable polymeric material is
generally preferred, and polycarbonates have been found to be particularly useful.
In further embodiments, polishing pads of the present disclosure may further
comprise an optional polishing composition distribution layer 8-8' covering at least a
portion of a first major side of the sheet or support layer, as well as the first major surface
30 of the optional guide plate (if present). The optional polishing composition distribution

layer may be made of a wide variety of polymeric materials. The optional polishing

composition distribution layer may, in some embodiments, comprise at least one
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S5preferably in a range of about 5 to about 60 percent by weight, to provide
a lubricious surface during polishing operations. In addi tiona
exenpl ar ywertbadisesat s, t he optional polishing conpositi enTdissawiobazns on

| ayer conprises a conpliant material, for exanple, a porous polyner or
foam to provide a positive pressure directed toward to substrate during
pol i shing operations 10when the polishing conposition distribution |layer is

conpr essBdlronhiliceelymer Rgterist ygroghibis pobsrarsinclude pebipithansse of t he
Hgke S _ _ ; | ' h
pol 1 Shi g SRIRARL A ST hBNLLANLANSI R, SEUSERBHTigyhRalSP oA Che

conplia orous or toanmed nateritals with
open or midrbags deiddsmermythb@olshedetongsbsitpnphycaniayrdhpiisab dydopelussedial, an

optional polishing conposition distribution |ayer in certain_enbodi nents.
In some PaPesder R %HHP%H@ golyprethagp of B‘hlaﬁcrps%rq, ﬁ@%@ﬁ@o‘%?tﬁli’on

di stri but.i Sity.

I Cer A B D B ey A SO SRR o Y e
second najface durde fmlishimgaghesone | ayer at an interface between the
conpliant |ayer gnd the second j.or side. 20ln further exenpl ary

nbod ment s BddBGR FeR Oy FrieugeaR. PR er ROt SR E TR ey be made
flush w ai&ri@ﬁti&@ﬁ?&%%dd@@ésoavcérﬁﬁia% RARSAI, T8 KamPW, B?_@ﬁ)u@{potyﬂ%r QPtdaaal
pol i shing conposition distribution [ayer. Such enbodi nents nmay be

advant agleguevide & ppdinyepessoradirasteli tnwardyo skbstiggtd dugimgaolistong eraatine a

poljshing slurry,. .at the interface between the expoesed polishing surfaces
D 10 e ponitsiie s gl S A5 BuERIARE o ot S BRA PR SRR ! e

pol i shi ngnissamaest tth®Bordpisdnict bithicPa1isNg bempshviant Agebusdylase!issdleded ©
conprise a material that is abraded or eroded during the polishing process
or in ophkdlgstethar Begrmpanaspl phernsivsalconppianteldyero Pormis 96 feasnidiaateigls ace of

the pol i@{ﬂ& ggexp&dcl@s%ﬁ %%]gsorg%%} ?%ferfe[%iec%%%oﬁ nGRAEAGE (0 %@aﬁ‘@%@%ﬁ ce. In

addi ti ona enplary e shing conposition ri bution
| ayer 30paighiagtcompositibis iBtribiueibh Yayaninf @rtainyenthoslimédisit B saneqlattiduiang

OB e B G onB b bt AL Lt I e
Loset OO ek e[| o ressiant lerents, sueh e baftles,
flow rate of Inhertpinldxsiplgy cobpdsichispthe domphant payieir sshiffiged tbrihd secoier
exenpl ar1¥1ajeogisji g 'b;rzT%Q taahesive layer at an interface between the compliant layer and the second
major side.
20 In further exemplary embodiments, the polishing surfaces of the polishing
elements may be made flush with or recessed below the exposed major surface of the
optional polishing composition distribution layer. Such embodiments may be
advantageously employed to maintain a working liquid, for example a polishing slurry, at
the interface between the exposed polishing surfaces of the polishing elements and a
25 workpiece. In such embodiments, the polishing composition distribution may be
advantageously selected to comprise a material that is abraded or eroded during the
polishing process or in optional conditioning processes applied to the polishing surface of
the polishing pad before, during, or after contact with a workpiece.
In additional exemplary embodiments, the polishing composition distribution layer
30 may act to substantially uniformly distribute a polishing composition across the surface of

the substrate undergoing polishing, which may provide more uniform polishing. The

polishing composition distribution layer may optionally include flow resistant elements

5.



t he polishing conposition distribution |ayer can include various |ayers of
different materials to achi eve desired polishing conposition flow rates at
varyi ng depths/dsesm t he 5pol i shing surface. | N somreTawseomploea29s

enbodi nents, one or nore of the polishing elenents may include an open core
region or cavity defined within the poiishing el enent, although such an
arrangenent is not required. In sone enbodi nents, as described in PCT

| nt er nat fushas bailss, grepvenmop sowy 0BT biguichl Peiss.cndithe ke, goragslatatge dowment
i ncl 1 : i.vi i , edd
can, Ll SR RAA o ke Shy MORRERDN B RPN iR R ance, €dcy

i ncl ude tae polighing eocheidionglisttibwitgHajdreapactiide vatieudiayas bf differae mal to the
pol i shing surface, .or y use transparent |l ayers and/ ar tranpsparent

pol i shi ngasraliénechieveglesirg Eflﬁ%@%ﬁ@@@%ﬂlo%ﬂawﬂé‘ieﬁﬁ‘i YigY186 dsptg%ﬁp@ﬁpﬁg

pr ocess, h bhed in PCT International Pub. No. WO 2009/140622. 15The
pregent %?%cﬁ%?grégis further directed to a nethod of using a polishing pad
as descri bed albome cxpmplapotmbddimgntsr @eas snort béthegiohsidng nlienedismgaycont act i ng

a rface of a bstrate.with a | i shing.surface .of ol ishin d
Commr 1 oringiie B BPa fare egionsyitelioy Ry Bendig e GRS RL P r BB el B Ren ar e
porous, @ngrangb@bhMehyt reQYtdAY 1h BEmP embsMiiRatsPRa0d8EAtEdrif PRECtdrRatloRg]

substrate to abrade the surface of the substrate. In certain exenplary
20enbodi PenNo, WO RE& 05y 20; dhaicdreradythbpolphingi edinent garmmclude eerfsarsgo deteween t he

pol jshin ad surface. and the subsirate surface,, Sujtable rking liquids
P 40k ol ARl Mpaelin G Rty Arnf QB el R Barant Nos.

6, 238, 5% B dimbnt4h, Héhi&’%ﬁ,éd aad i@t lant @b oatck @A ding htBugiNhe pd@iR0@2/ 33736.
The polishing pads described herein may, in sonme enbodinents, be relatively
easy 25 GFEtPmaealde (he polishiag sriice (TenaypIss tfaaspagnd daySEs and/ o fraggnggent

exenpl ar i.n -1.5hj yel? t
i sor ooteu RO T, SR R BBLE U PoRATE o E R8f BEprblist I8 FRET, .
exhaust i meP©F IndrhgiodabPull. INo. WQ@009/140622Thus, i n anot her exenpl ary

enbodi nent, the present disclosure provides a nethod. of makjng polishing
pggé as descrle%He%?@balé910§%%1Sr§ftﬁﬁdﬁreﬁt?ﬁd%ﬂgetbﬁ%fﬁ@1n§ FRQISPINEHRG AT 30wi t h

a SeCODddegeﬁiyegfnggén fohy ﬁ&@hfn%gaﬁ%cggs ofe AERbI ml&c@ﬁ@&ta&hﬁgq ST 19

conposi tion, sing the ‘mol di ng conposition into a mold, cooling
t he f1 uishbstodtcivitl) agmrishisg sudacetod afpotishiag pad camprsgngrapluiaiicy ofpoighmef i r st
conti nuoe gmglﬁls,yaﬁerastp s%%lseeof which are porous, and relatively moving the polishing pad with
respect to the substrate to abrade the surface of the substrate. In certain exemplary
20 embodiments, a working liquid may be provided to an interface between the polishing pad
surface and the substrate surface. Suitable working liquids are known in the art, and may
be found, for example, in U.S. Patent Nos. 6,238,592 B1; 6,491,843 B1; and PCT
International Pub. No. WO 2002/33736.
The polishing pads described herein may, in some embodiments, be relatively easy
25 and inexpensive to manufacture. A brief discussion of some exemplary methods for
making polishing pads according to the present disclosure is described below, which
discussion is not intended to be exhaustive or otherwise limiting.
Thus, in another exemplary embodiment, the present disclosure provides a method
of making polishing pads as described above, the method including mixing a first polymer
30 with a second polymer with application of heat to form a fluid molding composition,

dispensing the fluid molding composition into a mold, cooling the fluid molding

composition to form a polishing pad including a first continuous polymer phase

6-



conprising the first polyner, and a organic particulate filler conprising

t he second pol yner, wherein the polishing pad has a first major side or
surface awmoaiigsersad maj or side or surface opposite thepCirnstowmpreos si de or
surface. In an additional enbodi nent, the present disclosure provides a

met hod of maki ng a 5polishing pad as descri bed above, the nethod incl uding
di spersing an organic particulate filler in a curable conposition

conpri si (REEISHE tgﬁﬁrst oobimee.and groragtie partirulaigifilse pempiasing tesaeay] e

conposi t | i . | . i | e . kL Ln.t d to form
a po|yné?ﬁ@ﬂgﬁgg?@%onegPHgﬁéé?ﬂ%&§%§%§$§%8F%?ggﬁﬁgh%ggﬁ?%3‘QP@“@?F|er, t he
pol yner i sidshesifabavppogitathkifirsttmayet 9de oi Gefaand a second nmj or si de opposite
the first major side, and a 10 plurality of polishing ele ts extending
outwardly fr olr%aﬂlwéglfqopglte%qdam@i &lﬁé péﬂS%Wgh%lqswesﬁrOtﬂlﬁ%%megﬁg@E BkHIE al |y
nor eal t £ > | de. . O '

R R S e LS
| at er al ffbaremertirabfe dolgopition shinpgsief e e hnseriwi précurses petdrial, alispeesiog theor e  of

t he ot her i shing.elenents,, but remaini noveabl e in an,axi.s
subst antSUHG CHBPRIOR 5o gl SYing e gk aogPostiEn iy IheahiIidd 8w enent s,
In sone ﬁdiﬁﬁpﬂi@méem%ﬁgM&is&r@a%&@nntg?érhw%9@1@},%@@5191&1@1% gt filler in

the continuous polynmer phase conprises nelt mixing, kneading, extrusion, or
conbi nat haying & fiest mejor side@ad ateond eapl adyomobidalihaenmstanajoi S¢wensd ag the fl uid

et Lo OERE b Boieh Fhrdit RSuE TR BR! MG R AR
mol di ng, digdctidn SE¥Rinfally Bdynia &y @6 first nfh GOk, Raktdic thePolishiePleRichts are

enbodi nent s, dispensing conprises continuously extruding the fluid nolding
conposi tintngralkyfeuped with themhgetand haterally samnccied se @b fogiestriclatord Mmapsecet n t he

surface . ti .er i i ti e | ary
embod; e 2 BR AR gt O e BETE bRER: iR oL B AT SN e
met hod fugntfahgiig moetablieid am dxid sugstaiditidliganimalrte agiolithieg furft ot écloing maj or

sides to forma nmultiplicity of grooves extending into the side. In certain
exéfpl ar§/CBEHSdi nents, the grooves have a depth of fromabout 1 [tmto

about 5, 000 i ex: : i t Lshing pad
UM sohfd & 1ap5%ﬂlb&d1h1%ﬁt§, XS5l %eﬁiﬁ%@ﬂéﬂ?ﬁi&g%@am f1Rr ROtk

has a circular cross-section in a directionh s y normal to the
first antnsecangofimkephawhmngiriscs melt mixinkekmpedingastimsi®dr adioaibimitioast i on
and further rein the E‘uralh&r of g&ooves re circqlar, concentric, and
spaced apSiPTi i CHAMEEEMRIANGPPRAMER'S. dispensing the i mgldige LaMpodtigh enpl ary
enbodi mepto @b H[@Jfbdﬁﬁp@se@?{ le&dtion8 oPRdctonRRCBONNAIdihE 3% trudoPRIoldiRR of the

plurality of polishing el ements conprise an organic particulate Tiller
di gper sepnpessiononelidmgovecupol pokdmgyhng eorbingiesrcihiisetl fasowe, pattivalarol d
i ncl udes_cg rise% di nensi onal pattern 3,anq t

compri sce By SBpfiuenl Gobu PR e SR B A iR iy B = o
i npr essi @mpkitiof @hiog e e fithh MeNGte A &hstiatrbBérNfurther wherein the surface of the
casting roller comprises the mold.
In additional exemplary embodiments of making a textured polishing pad as
25 described above, the method further includes milling at least one of the first and second
major sides to form a multiplicity of grooves extending into the side. In certain exemplary
embodiments, the grooves have a depth of from about 1 um to about 5,000 um. In some
particular exemplary embodiments, the polishing pad has a circular cross-section in a
direction substantially normal to the first and second sides, wherein the circle defines a

30 radial direction, and further wherein the plurality of grooves are circular, concentric, and

spaced apart in the radial direction.
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wherein the plurality of polishing elenents extend outwardly fromthe first
maj or side along a first direction substantially normal to the first najor
si de, furwbenimisersei n the polishing el ements are integrachystanmeatosv t h t he
sheet and laterally connected so as to restrict lateral novenent of the
polishing elements with respect to one or nore of the other 10polishing

el ements, but remaining noveable in an axis substantially normal to a

pol i shi ng surlhaaeligfmative cxamnlamicnpodiraens af making a poliyhag phd,2 athergn aff

pol i shi I S ; . fr I ant.i ase
contain?%ggfﬁgﬁgﬁégggg%ﬁﬁ%&gé (gmggﬁg%%%ﬁﬁgéﬁﬂﬁggﬁégg%8%I%b%%%ﬁ%ﬁ“%?trusion
nol di ng dispetuann @sshtiiuon®pdlyngr pHase gedescabed dtveepit hiid imgludkeeomnprisesisi Ng
15extrusig$ q@lding, a mxture of nolten polynmer containing. the dispersed
or gani ¢ pAFFGEmearianal patied. Hi the drst MAPTSUHRFTCOTHN B 2 RYUWHIEHY 8§ui pped wi t h
a fklmdie: i . i . i red: - l.hed pattern
o Dol 1 S g S B R e P

di sper seshargahé plupdity bfpdlasheg ctaudnds decmipdewanltly tomphefsit onjorsidded i n a

second operati.on with no]din | at e ssessing t.he desired pre-
Sodor or s AT dib oo haT s R R R S SO R B e desi 1 ed
pattern ﬁlisﬁﬁgieﬁéﬂﬁdﬁ% &t eHTESh By B & ihNBELhect LRI 18RE8L, GaMtEPR saesured to a

conpliant support layer, for ‘exanple, by thermal bonding to a thernal
bondi ng febtrint leterdynavsement ofdhe adlisbsigademaits ithacipeetty onbier morgefithaipthsuppor t

| aygr coul.d be lam nated to.the polishing surface during f.ilm cast.ing or
colr eo s R bE b e mB i Ry B vl asn bRt

i |1 ustr adurfage af thBipbASHIndEbmsitsNg pad, a nulti-cavity nold may be provided
with a back-fill chanber, wherein each cavity corresponds to a polishing

el ement. A pl Theaplpralitoef podishia iclpgneatsapsnbaiorfygd Enmaminoltere pelgi@chor ous
polishin ] 0 i shi . rihed herein, may
be.  or mea By e DA AERERI S BB oA MG TERY B P ERS

mul ti - casstiugionhaldingd chapiessidmibidihg. Mo bherdiadic-folikhing bRaats usirdgh t he sane
pol ymer nelt_or(gaother.polxgﬁr melt to forma support |ayer. The polishing
el dfrent sCYURHRN MNQIFiNg ¥ tHreid anlig Pobimqr goutal ¢ d5BFISHYOEANiChe nol d,

ther eby ga%{mags Sould BE fldiihth a%i@%r&ép&&%&legﬁgﬁﬁwgﬁ aFilYil &Ry cahget of

polishing elements wth the support |ayer. may, I n sone
enbodi memlls possessprg the desired tpat-detgrnnioéd patindof polishingrelamotth eslt@nigodiyent , t he

integrally nold sheet. .of .pol.i shing el enents.coul d, be scored between the
nar o el B Rt R Rt e R & bR SRR o f ace of
S5i ndi vi dé@lhﬂr&ssfdn@ﬁélh@@itﬁ@%écféﬁﬁ rRiARRE froldhd Bral@hbyRbing hB/csRANREat i on

could al so be acconplished in the nol ding process i ncorporating raised
ar 88s i ndat¢reningsl phttoer efenohishing clengntsi dipen oreition @f Bicatsinadspattern of

Sui t abl e ding materials d tus a net haods _.of formng an
"t ogr ai PIRGEE by A Rt e COARLEL SR TEbAB R St o2l o
and i n PG ekdmisie ot therdall bdfdRuPto Norerd¥D bdA@AL EIBGHR Dy use of an adhesive.

Alternatively the compliant support layer could be laminated to the polishing surface

during film casting or compression molding.

25 In one particularly advantageous embodiment illustrating a unitary polishing pad, a
multi-cavity mold may be provided with a back-fill chamber, wherein each cavity
corresponds to a polishing element. A plurality of polishing elements, which may include
porous polishing elements and nonporous polishing element as described herein, may be
formed by injection molding a suitable polymer melt into the multi-cavity mold, and back-

30 filling the back-fill chamber with the same polymer melt or another polymer melt to form
a support layer. The polishing elements remain affixed to the support layer upon cooling

of the mold, thereby forming a plurality of polishing elements as a unitary sheet of
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In a further alternative enbodi nment, the present disclosure provides a
met hod of making a polishing pad 2' as described above, the nethod

i ncl udi ngwbaonivasgisa nul tiplicity of polishing el enents ipaotlusdimgerosir st
conti nuous pol ynmer phase and an organic particulate filler dispersed

t herein, and bonding the polishing elenents to a first major side 150f a
support |ayer having a second major side opposite the first major side to
form a poilisBmgeienpad Wltl?ht@cﬁﬁﬁp@’ki@ﬁﬁﬂ- akhie rapld deHymEntose erpkodimentad f urt her

inClUdeS“’é%%ég?ﬁ%ﬁ?éﬁﬂﬁﬁbﬁpt | ayer to the second major side. In further

exenpl ary e method further includes affixing a polishing
conposi ti on dinsdnbthetiEmbadimaye theciategrallfagnalted eastofgpofishihg elemehtstcbaldfter st
maj or side. 20l n sope. exenplary enbodi ments, the met hod di ti onal

i ncl udessopfﬁdﬁaemgee&t %tn@é‘flﬁlé\kmlwdm@slﬁag F@Pﬂemj R EEHREHE & peﬁﬂv%smﬁcg 10¥ maj or

sidg. | “inﬁfv!i&lﬁh? flod fs)ﬁn?@?éh@énl‘i’s‘% A RerndtRVcly, Kk s%gfé%&ﬁﬁ{ SoutPImRE hSes .
reaction 1 njection nolding the polishing elenents”im the pattern, extrusion
nmol di ng ddeempbshicd i thg ebldmgmrscesnby heopatdtmgmaisabarpasas shomohidietivery t he

pol i shing el nts .in the pattern, arranging the polishing 25el enents

wi thin d%FgﬁgggP%r@%W¥§§%8ﬁﬁing to the pattern, or arranging the polishing
el ements on t@tbRRSIIng @Y €Fialk MblAE aBAihRE And hidtRATB Rifid dfegitenpl ary
enbodi nents, bondi ng the polishing el enents to the support 1ayer conprises

t her mal sheeidifmglishing elamenis arddasdiibry, in dlat Exdneplesltilew iant o dilnigrnatioirdsi ve
bondi ng, ,and, c i i thereof. In certain presently preferred
enE@dineﬁﬁégk?ﬁggggﬁ%iﬁgﬁg‘elenents are thermally 30bonded to the support
| ayer. Ther main LREengtefRYivbemdedinRyEthe frosenedidiibhige phyvid@atrd@hod\gf & maj or
surface of the support |ayer with a surface of each polishing elenent to

form a bOAERag PPHsleng pade2 aadepcHbed rhnyct the ngdhadsinslgding ferimting 8 NPy

support . g ur t ] {.shi I ts and support
ayer oot hp fmehBTRALEhY i coMihts pRnRe phal' M oFRBIRE S g
i nt er f acgartiddlite dslondisperedddtharginyayd Bdsiindrbe pskchingoelehb@sto 4 fiest majoratkedi ng of

the_polishing elenents to the support, |l ayer. | n_sone presently preferred
enﬁédi ne?ﬁ]as%upg% GF Raving %ﬁFﬁPp‘zHlai% St%@ps%@ith@ﬁr%p@ﬁré@@ MR heat i ng t he

5pol i shi isﬁﬂngﬁ%&t f &k éx:agl RRbHbdinARES thelMethsld fldBkr RLRIAEN fikingref erred

enbodi nent s, e support er'is heated to a tenperature greater than the
t enper at eomgpliaot Mperah thhecpol msjoir ige e lrefupthtisexanpldrg ambddiments, thelmetboder

exenpl ar nmbodi nent.s,. bondi. t he pol.i.shi.ng.el.ements to.the support | ayer
oo vactaBr gl TR R king it ik P R B ST e oo St dR R o cai”

uni on atp@fod Of Mk ¢fftaegogdaveen the polishing el ements and a major surface

of the support layer. Such a . ' '
20 In some exemplary embodiments, the method additionally includes forming a

pattern with the polishing elements on the first major side. In certain exemplary
embodiments, forming a pattern comprises reaction injection molding the polishing
elements in the pattern, extrusion molding the polishing elements in the pattern,
compression molding the polishing elements in the pattern, arranging the polishing
25 elements within a template corresponding to the pattern, or arranging the polishing
elements on the support layer in the pattern. In some particular exemplary embodiments,
bonding the polishing elements to the support layer comprises thermal bonding, ultrasonic
bonding, actinic radiation bonding, adhesive bonding, and combinations thereof.
In certain presently preferred embodiments, the polishing elements are thermally
30 bonded to the support layer. Thermal bonding may be achieved, for example, by
contacting a major surface of the support layer with a surface of each polishing element to

form a bonding interface, and heating the polishing elements and the support layer to a
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physi cal and/or chem cal union may, in certain enbodi nents, be formed using
an adhesi ve positioned at the bonding interface between each polishing

el enent awmo 2heseEpsor surface of the support |ayer. |n ecChas2@wibertoirent s,

t he bonding material may be a material that fornms a bond by curing, for
exanple, by thermally curing, radiation curing (e.g. curing 15using actinic
radi ati on such as ultraviolet light, visible light, infrared |ight,

el ect r ontep@gairsire pt whish tho pedishing sleneati and Spppahlgyereftenjaaclt, or flow syj t abl e

bondi ng fi ' ; t r ' [
| nt er nat 1{0%@% J@tﬁM %811%%%&%5%@%&@& a%glmt?ilc gvneg(ﬁﬁ%gﬂgg g‘%to |b3 ug%?oer red
exenpl arsffeenthechimbohding alf tHegrsishiag plidcntto dic suppo@ (4yet.i Bhiong petsentnt s
conprise porous polishing elenents, In so exenpl ary enbodi nents, at |east
sone of Rrﬁgnﬁg IeF’E)HfiW&né?’ BIFEHYS IS&(PRB?A @éﬁg gg%dtl%%l’ﬁt%{ﬁl% V‘feﬁ‘blﬁ %ﬁi‘ﬁ ®polishing
el egent : ' a ?t'ﬁg%ie PZHIII% |4, shi ng
eleggnt:mgﬁgm’%%%g%ﬁ%%wﬁﬁ%gg)?gggﬁ%1f|%b of agﬁggigg%ﬁgH?gg poF@%ﬁPénelt,
}njection?pmmﬂbnggdmgmdn@aﬁmMmfgqmﬁﬁuﬁﬂwhmamﬁ&mmkyasﬁapgﬂﬁdu@ﬁn {eaction to
orm a pol yper, i njection nmolding of a m xture conprising a pol ymer
dissolvéﬁﬂ¥ﬂﬁﬁe‘ﬁ%§4 #FPrged gas, injection nolding of a mxture of

i nconpati bl e RQINFRKEMpRrPeRBdMRBhAts, BIAIRE thOPolRiHH den&its RALEYgHPoRer Moset
particul ates di spersed in a thernoplastic polyner, injection nolding of a

m xt ur e leperpnyvadiesgisimigor sindingovatstialdhat fewntd platsicehand/drenhemical imondddn i onal

ex | ary, epbodinents, the.pores are forned by.re Lon_injectiqn nolding,
oad00; oo ERERBHERR T PoUSuRAUERRH Tap PORES EESFhe ShrooPBEt S0l o) 2
enbodi negysical iRl/RehOMEaP@ibs Hapgineka i Rhbol RVt BE ESmbdSisinighutadBesive
substantially thr oughout the entire polishi ng el ement. |n other

embodi nepfsgioned pethp bprdingrinferfrce hiearaen sagheplishing chamang pnd/thg iMmajoresupdes shi ng
surface I ol i shi g . L4 | ments,
the por oai Ty R ALE FEC SRk o e hOR e IR

el ement fomyis b&ohdrpacirgth, fdraxadpRDdYy eherhylly ajrgt radintionlcdiing(c.€ @udngar i ng,
mechanical drilling, .laser drilling,. needle punching, s di sper.sion

f oAt ng,uwwgﬁl%@%aﬁg}tr etékﬁ%th%l?nglﬁgt’ fl}f@fr%gght’ 3ectrqntbeeanﬁ| be
under st O(ﬁi%ﬂtl ahqihdvh RRldSNLAYiRag.need not conprise only substantially

i dentical po is(}]i ng el enents. Thus, for exanple, any conbination or
arrangenent oSuifabtechemdpig! filshinatgriels eappatagisand nedimds @rcodesciploddi is BCAY el enent s

Ty TS B 6 Ehy 2 SDLBREPLD, oL S 9 f ements. T w11 afso be
In additional presently preferred exemplary embodiments, at least a portion of the
20 polishing elements comprise porous polishing elements. In some exemplary
embodiments, at least some of the polishing elements comprise substantially non-porous
polishing elements. In some particular exemplary embodiments, the porous polishing
elements are formed by injection molding of a gas saturated polymer melt, injection
molding of a reactive mixture that evolves a gas upon reaction to form a polymer,
25 injection molding of a mixture comprising a polymer dissolved in a supercritical gas,
injection molding of a mixture of incompatible polymers in a solvent, injection molding of
porous thermoset particulates dispersed in a thermoplastic polymer, injection molding of a
mixture comprising microballoons, and combinations thereof. In additional exemplary
embodiments, the pores are formed by reaction injection molding, gas dispersion foaming,
30 and combinations thereof.
In some exemplary embodiments, the porous polishing elements have pores

distributed substantially throughout the entire polishing element. In other embodiments,
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10arrangenent of porous polishing el ements and substantially nonporous
polishing elenents nmay be used advantageously in certain enbodinents to
forma povo=himg213ad havi ng fl oating polishing el enentsPoonuseaoe2es support
| ayer. In further exenplary enbodi nents, the polishing el enents may be
arranged to forma pattern. Any pattern may be advantageously enpl oyed. For
exanpl e, the 15polishing elenents nmay be arranged to forma two-di nensi onal

array, fibepeseanpyde distributed pupstaatially atithepelishing syrfaeq ofcthe aprons palyshae
Rost e AR ‘ ‘ ) 1 B i
DLt GBLATE Sy D] LR EETRL R BTROALIRT e 0y RELLARE S

nonpor oust Prbspatighiak @ieeming may hangpd-tddn fa cRamper by tifectibe nslgipgrt | ayer. In
certain exenplary enbodiments, the parous polishing el ements y .be

) g
advant ag@Rnsrgn dagenaH g drifings laseicEling . mgedlp purihnad. gat fiapqrsion SsYRBUS
pol kshi ng,.&l;eh ﬂkéa%g%ﬁﬁi&h@ﬁnﬂﬂﬁﬁ@%ggﬁnt of porous polishing el ements and
|

nonpor ous po I ng enents on the mgjor surface of the support layer. In
such enbodi neltsl] bt hedarstobethaathd palistangpaemicd obt ponouss opdt subktangalbl enent s
relative to.spubstantially n orpus pol.ishin .enents may be sel ected

v ant agdbRHERy Pas o Simsb o] Rabioe SHBTPIEHiG BRI OPREn CEESBRE texanpi o, i n
sone exefRb@ polRARAL I IRMALSandRRHGI6Po R Yol Sk h P 8l cBlcRIFRRLSmARY uPH e PlUranged
substantially near the center of a major surface of ‘the polishing pad, and

subst ant¢fgiorqusohpongelsmpotsi dhwipled eqrentdesstopghthitferngmuanbgs dombbstiomor al | y

el aryr et ke R Fihily TRy hof W RABal vbar§rPR bl s B g "

liquid, heybeyaankdearioabsash Vatapobibbiingndes Forht ¥polishinghRd tewhact zone
bet ween t he polishing pad and the wafer surface, thereby inproving wafer
sur f ace PeatingwoHghingPlemenssbpnded tg a suppRitlBdcdi shing at the wafer surface) as

el |3 T educh NG SUANH LinalimlBR! B Sbigiy: dSNSrabed e QP process.

Such exenplary e I may al so I'ra provi nor e aggr essi ve
pol i shi nfgriata fakterne dgespavert tney Ut edvanbgrably creplogediF@rexahpk that i ng t he
forpati on of an edge ridge, and inproving vield and die polish uniformty.
| n 19t her PARBIRSICHNIEIEHBY ﬁ@ﬁ%@,@d&%@ tp\&-%flgﬁpﬁan |aéfﬁﬁnfpge>mpqw ar r anged

Ssubst a%l:t%h%;ﬁaﬂ]ﬁ%gﬁﬁﬁ o‘?glﬂﬁul%far?ayr@’lggﬁslﬁh'g frrgenQl 1t Mifdlal é;te'nas}ga ad, and

substantial 'y nonporous polishing el enents” may be arranged substantially
near t hecrsletimentsfth¢ helismajgorlersents aeg mfudeHwtippdrioshpolghpadlentreand

o engeroL e, SO SrobeLl S ol el Lot ng g orente ol apismlal o =
certain exemplary embodiments, the porous polishing elements may be advantageously

20 arranged with respect to any substantially nonporous polishing elements to form an
arrangement of porous polishing elements and nonporous polishing elements on the major
surface of the support layer. In such embodiments, the number and arrangement of porous
polishing elements relative to substantially nonporous polishing elements may be selected
advantageously to obtain desirable polishing performance.

25 For example, in some exemplary embodiments, porous polishing elements may be
arranged substantially near the center of a major surface of the polishing pad, and
substantially nonporous polishing elements may be arranged substantially near the
peripheral edge of the major surface of the polishing pad. Such exemplary embodiments
may desirably more effectively retain a working liquid, for example an abrasive polishing

30 slurry, in the contact zone between the polishing pad and the wafer surface, thereby
improving wafer surface polishing uniformity (e.g. reduced dishing at the wafer surface)

as well as reducing the quantity of waste slurry generated by the CMP process. Such
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In certain enbodi nents of nmaking a polishing pad 2' as descri bed above, the
10polishing elenents nay be arranged in a pattern by placenent on a ngjor
surface obotha/sesport | ayer. In other exenplary enbodi memts20me22p®l i shi ng
el ements may be arranged in a pattern using a tenplate of the desired
pattern, and the support |ayer nmay be positioned over or under the
polishing elements and the tenplate prior to bonding, with a major surface
of the swspwiary capedimentiraet ipgdesiehlygupyidnmese edesersive patishandeiias ng

15interf . I . ogli |.1:shj . having polishing
el enent s g%:%frt Frclibe’ %?@gg%%é%@t&lgpﬁ%f%ggé g&%ﬁ%ﬁ%g@% %/)(%(rg?lggg ‘J’fngat ures and
char act eimpsbdviag yichdindediabblishi digformitge in a variety of polishing
applications. In sonme presently preferred enpodi prents, polishing, pads of
the present dinUPSSHFRPIREYCTBROPRERES RATAH I%Pefkﬁ}élpg e@?ﬂ@@@dﬂ%‘?e UEEEL al

mechani c QRliaNaLE: hOn. £ OB eyaf gk Gl AHf ¥ i nt egrat ed
circuits§%ﬁ§ se 'con%%%?%?odeV|%%§&?%%cbéﬁ?gﬁﬁ gg@%%?%?; eﬁg%ﬁpgents, t he
pol i shi ngpnpacbud @sbshitpeel empnts hay betiasmhgsinubstasyallyrmear e cadvaolithgemjoover

pol i shin ads_.that..are kno in the art. For ampl.e, in sone

el ar 3T BHDBGRERE IOl LH HEEHA-S Eu of RYrD o Ral K S EAPeBh 88 osur o
may act {tddgilhed af Rl wAhiWIRK{RGe bf Gl iptestsesdidiuidle CMP process at the
25i nterface between the polishing surface of the pad and the substrate

sur f ace bei nglnpsithigresthodihentedlymilipg awohghingpade? e dedcuberbadwvefthe he wor ki ng
liguid in augnentin ol 1 shing. lL.n other. ex | ar,y_enbodi nent s, pol i shi ng
pad? acc UG EEEIHE BPLRE T el o 8 SR b p T Babiongt MapT it 9t fieEhi ng
and/ or ed@po@lHet. o dherteRempafyeémbatiimast, el pbIdinodbmbith thay b8 asr@figed

exenpl ary enbodi nents, use of a poalishing pad according to the present

di scl osuie IBFM winavPepiteasthadgsiredgattern; md tpsenost Myermmay Reaf er pol i shing
unt form Sekitioied bRl unB! hSASRR K SH AACRe 1 HbILRGHBRRAINRAASNY © VI el d

fromth er, an n%rove process operating lat

consi st emajpr surface of thelsappatt taer corxenpg asch pohidiodg olentcat atuswndinga pol i shi ng
pad w th porous elenents according to exenplary enbodi nents of the present
di £¢1 osul® r%ﬁ? pernmt processing of |arger dianeter wafers while

TR NI N1 NG. AR AR RBHRGIEST R SHE AN QL of AR ALl chi P

yi el d, processin nore wafers before conditioning of the ace is
5r equi r etfic presentdiescldsorermaaynbaicrvapols Shfung andichametetistics fthat keablather useirdf ace,

orf educail \r)agie%l; (ojf peoﬁlsshllnig rgle)pl?c%%llor\{\f B sggletprggsegt%g pr% erlll(rjeidteirn % {rflents, polishing
pads of the present disclosure may be particularly well suited for chemical mechanical
20 planarization (CMP) of wafers used in manufacturing integrated circuits and
semiconductor devices. In certain exemplary embodiments, the polishing pad described in
this disclosure may provide advantages over polishing pads that are known in the art.
For example, in some exemplary embodiments, a polishing pad according to the
present disclosure may act to better retain a working liquid used in the CMP process at the
25 interface between the polishing surface of the pad and the substrate surface being polished,
thereby improving the effectiveness of the working liquid in augmenting polishing. In
other exemplary embodiments, a polishing pad according to the present disclosure may
reduce or eliminate dishing and/or edge erosion of the wafer surface during polishing. In
some exemplary embodiments, use of a polishing pad according to the present disclosure
30 in a CMP process may result in improved within wafer polishing uniformity, a flatter
polished wafer surface, an increase in edge die yield from the wafer, and improved CMP

process operating latitude and consistency.
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Anot her advantage of using di spersed organic particulates in a continuous
pol ymer phase in formng textured polishing pads is the apparent ease of
machi ni ngworoni/dskisag of the surface. Commercial |y avai | abirassaoneoprds ar e
typically conposed of cross-Iinked 10pol yurethane foans which resist
mlling, and which are extrenely difficult to mll wthout tearing or
damagi ng the foam A solid thernoplastic textured polishing pad material as
descri bed herlifrthsregemplaneemberimienty. vss@f giolisiag pasbyvih poioys ek@ﬁ@n@f ore

T 1. B0 oL oA S0 B LB LB i o

15i | | ust 1|ageedlavr1etdn w%ére e (6 enam@taltnhg the Irdqnmfedh degrotef dunfatd mgfc&nmypb es.
EXAMPLES Tollomnn non- Ilnltln exanples. il ust (%ﬂ% ari ous
ﬁEGE@

met hods ‘?tﬁ’i‘mﬁlﬂ%‘p‘%‘ﬂﬁ’ ¥it51d BEAT PRI AR VAR | s@r%ﬁ@dﬁ&nﬂ@ﬁ £¢15whi ch
may s be f pollshlng
ol shont & Bondoy PFERTD BBRah B[P ARSI SiRAALRL e o

pol i shi ngopas titheamd ovadi- oy thtepadwordicnmdrar y enbodlnent of the present

di scl osure Mﬁg %Bcgggllshed u5|qg thedfollomn lﬁrocedure In a container,
14.9 g of a mBPB aantagseHsmediiRese Hﬁgaé%@a’%‘f RSN T NN LA

Tar ryt ovghasNif) foas Zé&hﬁéa%omm@ Bets3s the@bp@rerdildasd Ot MEdRahg BF #PAhY BT .
Alrthan%;r) PHP-756 (fromAir Products and Chemicals, Inc., Allentown, PA),
f ormi ng the dirggper Qoonnermlla aialbiblﬂCMxPalaéli al@dmplaéllbmomppzecbO@cross—l@megorrer| c

di api ne, pol ytetr neth m.nobenzoat.e, . VE P- 650(r)
o FBover B ki R RS CEd oA ESREGRYS e O il abod' ) o
4, 4" - met oy dah&@argqhé fa@n. 24 Goldd Qiehﬁblﬁﬁﬁticltéb&hned‘ﬁ@hﬁlhg p&pmmsso
Curative (fronlAlr Products and Chem cals, Inc.), were conbined. By placing
t he net afesedbpddickan d@fﬁﬂ”&S kst dying the niilkiag mpszltau%s iesciorerhekdng B casietdfper at ur e
such th%&ﬂfﬂﬁhﬂ#ﬁﬂ&ﬁ% %ﬂﬁﬂ?ﬁ ten. The MP-22XF/ Airthane(r) PHP-75D
di spersi on was eh adi e 1 pint container formng a resin based
slurry. The rlésaﬂﬂqﬂanyg)oﬂletangl phdsedordingrto yhaymssant dieclosure #il0@Owrbem f or 25
se%ondsﬁﬁgd d%ggkéed at 1,500 rpns for é m nut e |n an Awatori-Rentaro

500 THUH it refercpegiothe PR BRI ARitHIE o<RIFS. Japan). Using a knife
coater having a width of about 21 inch (53.3 cm), the slurry was 5coated
between a 12 inch (30.5 cm mﬁde,gﬁﬁAﬂ@fﬂﬁg thick PET filmliner and a 19
inch (48 cm w de rel ease liner, condary Liner 4935 (from 3M
Conpany, St. "Haajﬂollowmg na@rlinainkeredples ilhsah@gericus ethods bo prépatitigsotat
anbi ent tenperat ur The side of the rel ease IlgﬁgzhaV|ng thﬁlrel ase

char act oPITEY IS8 TOFO BN BRFE RlerimSHENIK TRY o UL ToR RIS hing pads
20 comprising a plurality of polishing elements bonded to a support layer.
Example 1

Fabrication of a polishing pad 2 according to an exemplary embodiment of the
present disclosure was accomplished using the following procedure. In a container, 14.9 g
of a micronized synthetic wax, MP-22XF (from Micro Powders, Inc., Tarrytown, NY) was
25 mixed with 92.5 g of a TDI-polyether prepolymer, Airthane® PHP-75D (from Air
Products and Chemicals, Inc., Allentown, PA), forming a dispersion. In a 1 pint, metal
container, 12.0 g of oligomeric diamine, polytetramethylene-oxide-di-p-aminobenzoate,
VERSALINKP-650® OLIGOMERIC DIAMINE (from Air Products and Chemicals,
Inc.), and 50.0 g of 4,4'-methylene-bis(3-chloro-2,6-diethylaniline), Versalink® MCDEA
30 Curative (from Air Products and Chemicals, Inc.), were combined. By placing the metal
container on a hot plate, the mixture was warmed to a temperature such that the mixture

became molten. The MP-22XF/Airthane® PHP-75D dispersion was then added to the
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of the resin based slurry coating was about 1,016 |am The rel ease |iner
was rapidly 10renoved, exposing the surface of the partially cured resin.
A Tefl on(wp 20ozus8ethenet al screen about 12 inch x 18 i nchpC3AIs2010/6220815. 7 cm)
and about 0.0625 inch (1.6 nm in thickness, having a hexagonal array of
circular holes each about 6.2 mmin dianeter and a center to center

di stance of about 8 mm was placed on top of the b-stage cured resin. The
PET | i nel pinpeesitziger feunag arresin haspddlurpt alhegesudéns igeindasghilaeeyapmixzed12 i nch

A 12 i noh 0P % Sode e Raod 00 SO b RO LRI 68 67 T ek
Tef | on( rAwatoeeRemt@®d /OR300 d hakytMixeo{frdrh @hiky &€@mpordtien, dokye,dapdrack was t hen

run through a two rol] |am nator having rubber rolls | oaded to 0.23 kg/cm
(mass per |ingsNg pkaHe spaten haying sy iifh afaboyt shimed (o3 oM the SBEY W The st ack

was; pl ac&ggé'rdrbeﬁi?eeﬁi 12 i%ﬁl‘é"dd‘i &HQ@/icféVﬁf‘nﬁ&’on i BRE-filrh ﬁle¥ %%iaﬂ (ljg"tﬁﬁhcur ed in

t he oven 2 hours. power to the oven was turned o e resin
was al | o@édnt)ovidoodlcasy &ineri gt ™' iSecariaryolimar 495t (Eont Bvictamgpnfyr StrPalle oven,
the netal screen was . r ved fr he cured resin, formng a textured pad
sur face MOHCHEGHIoS <A Dores e P Mpyiey 4 apibicnl mpesyie (e RIS icanst er
adhesi verol M AARIHE () ASlRaTRgisABKEs BRChERMAMAIBAAY The IHGBET | | ner

of the structured pad surface was hand lam nated to a 12 1nch x 12 inch

(30.5 cnefxh@@sh lwwgd Pyrrp coBmg was. aboutning 1 & fwinc K hpirdease dihcpwhsymapweihane f oam
Roggrs Paron urethane, foa part # 4701-50-20062-04 (from American Fl exible
Pr g@uct S{enﬁng&,ex%ér&tg,e SW{%C.G Oiﬂ?)e ?W&?ﬁlpy(%e%lfﬁsmdi aneter pad was die cut from
the resul tingAlfon@tdatct Mdwl REream at@ MR liddhyx Mk (3079 cRad4 27 @lfn?]tlllﬁﬁ present
di scl osure. 30Exanple 2 Fabrication of another exenpl aty“fol i shing pad 2
of the prwyehPoi Beh okbmmiadhickenspliashas hexperpat #east of disWanBoles eaBdure. I n

a contai eﬂ)%'[lm.gh@?n iafetdd aﬁg,’-a%gr&% 8 ceRRP 8fsia8§é Wﬂ%g%hﬁ%%gﬁags pgefc%g%n( from

Cospheri C, anta Barbara, WEre m xe
TDI - pol ytep o€ thefir-etpgd gured resihl IMhie BEIARIADd-stagr (Uredrasii andPhaalucteen arete

o ol e 1 b BB 1985 P83 B L T

pol ytet rangRt hyl enepxi idendi 30:52eh Qq%?ﬁaﬂﬁﬁf@.oéééﬁﬁ%hi DR PR e Eh&COVER C
DIAM NE (from Air Products and Chemicals,” I'nc.), and 60.0 g of
4, 4' - et shyttene-Hacddncdp of the 2¢eerdi Eltchgrtimnsthelneds theie ngathiovgh aNMEDESIL Cur at | ve

fromA r Prodycts and Chem cals, | ), re conbi ned. . B | aci t he
Cot o cohmia el of b St ) 2 et Bl SR B e ek P et i e
such t haghdthge8 st ok ev/hecame mol ten. The pol yet hyl ene bead/ Ai rt hane@

PHP- 75D di spersion was then added
20 The stack was placed in an air flow through oven set at 125°C. The resin was

cured in the oven for 2 hours. The power to the oven was turned off and the resin was
allowed to cool overnight in the oven. After removing from the oven, the metal screen
was removed from the cured resin, forming a textured pad surface adhered to the original
PET liner. Using a 127 um thick transfer adhesive, 3M Adhesive Transfer Tape 9672

25 (from 3M Company), the PET liner of the structured pad surface was hand laminated to a
12 inch x 12 inch (30.5 cm x 30.5 cm) by 0.0625 (1.59 mm) thick piece of polyurethane
foam, Rogers Poron urethane foam, part # 4701-50-20062-04 (from American Flexible
Products, Inc., Chaska, MN). A 9 inch (23 cm) diameter pad was die cut from the
resulting laminate, forming an exemplary polishing pad 2 of the present disclosure.

30 Example 2

Fabrication of another exemplary polishing pad 2 of the present disclosure was

ccomplished using the following procedure. In a container, 67.25 g of a 45-75 um
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10to the 1 pint container formng a resin-based slurry. The resulting resin
based slurry was m xed at 1,000 rpmfor 1 m nute and degassed at 2,000 rpns
for 30 sewondsi/ismisan Awat ori - Rentaro AR-500 Thi nky M xercCfuseomo/Dbi2nky

Cor por ati on). Using a knife coater having a width of about 21 inch
(53 cm, a 1,448 [tmthick, 21 inch (53 cm cmw de coating of the slurry
was prepared on a 26 ilmthick support 15l ayer formed by extrusion of a

t her nopl wdeiieal pelygiytonp deawds(frpw) CospmmnE LS8 Samta Rartapa, (GYyavergmniscd Wi
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al ugi nu ; €3RI [ [ i g rray.
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top of tine)saslial.cendf 4 Aemethlylche-bii(Beklovas,opdiatheniline grveddalink®MMCDIEAOUgh
oven set at 125C. The resin was cured in the oven for 2 hours. After

renovi ngC¥RBHS N dviebrodydieanet Bymisels dap) 28Crag8mpPEitey B8y Maths PRO<r ed
resing TOiling of 1Y b E AR WRAGRALE & SnlRrille Rl GLNAL nRARR backed

pol yur et hane support [ ayer. e paper was reno exposi ng the opposite

si de of bdeempaigtieheThapelysthpirac bedddathane® PHP-TBD digparsiba Avdstthert ddded
transfer adhesive, 3M Adhesive Transfer Tape 9672 (from 3M Conpany), the
pollYur et Rdbe! S sorteineRipemingra repa-hassd shwsy  bhgreswiipg smpaschsHgy 3t ani nat ed

to a 24 | i 6], i : t hi ck piece
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die cut fromthe |lamnate formng the d of . th esent. dj scl osur e.
The foregoi ng-BR& gjglcﬁqt?”}f?’glgcﬁ‘?@gf%&%w%lr B’&Eégiﬁfnbaploﬂgsﬁpﬂt}&bad
i ncl udi i i ' j T8 ide
oppos t oot Rer 1o i bt SRR e R By 8 B o
exfigndi nigyaudbmasdbyyexftruciontofie thirmeplantg polysicthana( i), ESTANH di recti on

he: pol | SR AT ORBEUS BOriaiial Ry isr o th Tnd ISPt Q0 1B er al 1y
connect egn$ Rorfisat 1 827CESHth b GhapdrabiRhd! 1indPVERE R at R st RAup st NG celeRENt s Wi th
respect to one or nore of t%e ot her polishing el enents, Eut remai ni ng
nmoveabl eplagedam w34 mck ul@9tingtt (6dichyx Adcma by 0@ Sango(6. Fhinny thick aluminum
plate. Thirty-six magnets, 0.5 inch (1.25 cm) in diameter by 3/16 inch (0.48 cm) thick
20 were fitted into recesses in the back of the aluminum plate. The magnets were evenly
distributed in a square array.
A Teflon® coated metal screen, as described in Example 1, was placed on top of
the resin and the entire stack was placed in an air flow through oven set at 125°C. The
resin was cured in the oven for 2 hours. After removing from the oven, the metal screen
25 was removed from the cured resin, forming a textured pad surface adhered to the original
paper backed polyurethane support layer. The paper was removed exposing the opposite
side of the polyurethane support layer.
Using a 127 pm thick transfer adhesive, 3M Adhesive Transfer Tape 9672 (from
3M Company), the polyurethane support layer of the textured pad surface was hand
30 laminated to a 24 inch x 24 inch (61 cm x 61 cm) by 0.0625 inch (1.59 mm) thick piece of

polyurethane foam, Rogers Poron urethane foam, part # 4701-50-20062-04 (from
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10surface of the polishing el enments, wherein at |east a portion of the
plurality of polishing elenments conprise an organic particulate filler in a
cont i nuousopol yasersephase. However, it will be undecstuseaotbzzos any of
t he foregoing nolded or roller enbossed filns of Exanples 1-2 may be used
to create polishing elements 4 for use in producing a polishing pad 2

i ncluding a support layer having a first major side and a 15second maj or

si de opposictiean IHexiblerRpdygss. dinc)siAdd ingh @ lacrmudivmgicr pad yapdicsyt framithe
el enent Sla&?&?@%r#g}%ttﬁg Q&Bistthegﬁei 9ﬁtdﬁ§c eSupef t he support |ayer, wherein each
efren s 3 ed po

polishing e as an expo I'shing surface, and wherein the

pol i shi ng el enenfoscgeittgeimthniplam-2he: ditdcsdd topiaiucigdeodibhing @ad inopliig 4 ayer
along a first direction substantially normal to the first nmjor side,
further Sseirievie fisemaior sidpapd p 83ro8f M sepPRPiESthe firy 1Ay a@f gment s

conpris | : ' I ' (M ate
e e o e R o R i SR SIde e L2 G
out of tdiecfioh sulisengallysomul di the Custimapey) sidm avhstods &tdoesnt pyrtioarnddd t o t he
first majqr,side of the.su rt |ayer. referab usi ng direct therma
bondi ng. Pushire ST AaiBHERTY foriiek Missalt dhehahl HirtbOob Shasne

rel ati vercoidertcd R chRABSTBRE holhig] QEMEIS with réplbi8o %€ BPhRFYoMRAL bkt NY
pads and net hods may be varied w thout deviating fromthe scope of the

di scl osupadishimgécmengsy; betxarmpineng mhecablgipantaxisapbstantiyly merpilde epobshing

| | d | ai.d w | ' .desi red
batber nstrlsft SREE pofitlis AEmernkhds sl e feothe AL BPp&PHE e ement s
In a twoelethompsbapade ardrashiPpirtieilbtel fillck hea t@PudtLpolpner fiags.mal |y bondi ng

the polishing elenents to an overlaid 305u§gort | ayer (i.e. a therm
bondi ng fi | m)Howeyerdkaihpe undpsstedsihat eefithe foceoing weldsd poipdler pub. No. WO

2010/ 00964%?05(5)@ films of thmﬁ]ésll-fhﬁggg %Fé&gecl}%a]ttéjgcﬂishﬁ%tel ntd £ kcﬁ“ttfts%ﬁl order and

ar rangenen el enen the exenplary p I'ng “pads and net hods

descr i beglroadidvea palyshixey paar2' @dlulindwosiippde tayat hagng b dimt ngorssidgpamdal  t he
disclosure. |t will be additionally understood that polishing pads of
ex&fpl aryFe OF&ide ePpoRde theldishmaigr §@P<?§1Graefnﬁlélégm%?f E&kﬁﬁpg Skemghtsy

subst antj@liby trihd R inazﬁdér PR dishi E\gagghqw,tﬁheraﬁléﬁch %ﬁ{sgﬁg%g@ﬁ&m h& W

conbi nat1 on or arrangefrent of po poli1shing ele non- por ous
pol i shi nexpebeimetissingayrfamkandphdrbia the pelshingelohcpoecas! pohitshfimgmejoement s.

It will also.be understood th a unber, c i nation,or. arrangepent of
Lor ous. pois S SIS RN aloni oy alteson SRRt B b Caf A e S ot <
nmay be uUgedcadN@BIhad RAYS Porlifn 6€tht Blual@y RO db M Sc1tAedt9 EdmpriRRal fighi ng pad
havi ng 10fl oating polishing el enents bonded to a support |ayer.

Fu® her nesménugsrmoligngsghpssrndgn organic particulate filler. The molded or embossed

elements polishing may, for example be cut out of the film (e.g. using die cutting) and
subsequently bonded to the first major side of the support layer, preferably using direct
thermal bonding, as described above.
It will be further understood that the relative order and arrangement of elements in
25 the exemplary polishing pads and methods may be varied without deviating from the
scope of the disclosure. Thus, for example, the support layer may be placed on a
temporary release layer and overlaid with a template bearing a desired patterns for the
polishing elements before arranging the polishing elements in a two-dimensional array
pattern in the template, and thermally bonding the polishing elements to an overlaid
30 support layer (i.e. a thermal bonding film), for example, as described in PCT International

Pub. No. WO 2010/009420.
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el ements may be substituted for nonporous polishing elenents in any nunber,
arrangenent or conbination. Thus, using the teachings provided in the

Det ai | ed Wo=eori/gseisen and Exanpl es herei nabove, i ndivi duaCTascao®ernsl
optionally, nonporous polishing elenents my be affixed to (or integrally
formed wth) a support layer to provide 15polishing pads of various

addi ti onal enbodi nents of the present disclosure. Lastly, it wll be

under st ood t Watvilhelsp drivaderpacd thas theirsletive erdehadedrrpngemenoh leaicnis infed ude
obt | onal EBED RSy AL RES 3 R g0y Al BT MR ey AR B

adhesi vefrbrayies scopd oDk idiseRisufer dswill e s&Rlitddrially andathiesd what palisainggfatis ¥ed t o

the conpliant |ayer opposite the 20second major side, an optional guide
pl at e (f%ﬁenwng §m%ﬂ@m&&& té%@a?%w syreigedngt cogiprigp eplyrabstyyiallEni ng

(Forerpey SRPAGT) ¢ ing
compos tiaiicli SHIhRII k&Y Blus. RRUHAE! I ConBRLEORBE Sybdippanout thi s

speci fication odi ment ", I ments", ~‘one or nore
enbodi nemirstls mrlishiap céemzpadi andntoh; pondistpoéshiog cleotentsmedyudakeurt the plueralny

"exenpl ary” precedi.n he term odi nent ", ns that a particul ar

251 oat ur & Postiser e <iarass 1wl G hr ooy adgbr B TP EBh Abet f on
with thear?dﬁ%@ﬂ%ﬂ%ﬁaoi@s%ﬁﬁiﬁﬁ@gegdn@nﬁranﬂ S@3lanOMG, SEPOBEUIDBLisHAg EiRMCRRI tai n
exenpl ary embodi nents of the present disclosure. Thus, the appearances of

t he phr amewbgusid agdsantigeousie imecranr embediogniyem fat a polishmgmadihaviegbodi ment s”,
"in,one odi t." or "in.an enbodi nent: in various places thr.oughout this
ool R P Semeh BB Y ACUPRR vty PR s R Sl a iR bt of 't he
certai n gxasmh ahy berbedinred s nehpdrbes IIRERRcIGh&E DUy @uniber,t her more, the
particul ar features, structures, materials, or characteristics my be

conbi nedrfangamgntgicembination nhiys, pring Hie teachimgs erespdrsldn i atailed Wi | e

‘h e . . . . . ts. it
Wil bo Bosrosr i PReierisanhe?, MR PRt SRERM bIbRE B
under st apdishigg@icnidngs hoy Bgoaffixgd tov@y integdily forewed edihy e soppoal taesrad ipeoisdd o,

variations, of, and equivalents to these enbhodi ments. Accordingly, it should
belﬁndergqsiﬁgﬁgtpﬁg%o W]@W@Q‘iwﬁ;F@%?ﬁnwaﬁﬁéh%@e@ah%wwm ted to the

illustrative Em?diit WEiMbS Pﬁ@érstt)@d Ehla% mfsﬁiélggﬁgyss dikaos%arhae%hﬁg geftal teg

herein, the recitation of nunerical ra y endpoints is |
i ncl ude iatludaoptieras clsmbsts misdlosed hirpintihaty canieatie, dor ckatmpleSan nptiandes 1,

1.5, 2, 2.7 a dit{o ers, used herein are

, 3, 3.80, 4 and 5 I'n n, all n
assuned CEEngNTT Bedp t?ﬁh%ec‘e@ PR oa BRIt 4R AR08 HPES VG Siphl i cat i ons
and pat egptRnhEfr8sBRCRHsI NS KiH3siRE By NPk BPTAhE oY lid R 18/LHS R site the
20 second major side, an optional guide plate (for polishing pad embodiments like 2'), an
optional polishing composition distribution layer, and the like.

2% ¢

Reference throughout this specification to “one embodiment”, “certain
embodiments”, “one or more embodiments” or “an embodiment”, whether or not
including the term “exemplary” preceding the term “embodiment”, means that a particular

25 feature, structure, material, or characteristic described in connection with the embodiment
is included in at least one embodiment of the certain exemplary embodiments of the
present disclosure. Thus, the appearances of the phrases such as “in one or more
embodiments”, “in certain embodiments”, “in one embodiment” or “in an embodiment™ in
various places throughout this specification are not necessarily referring to the same

30 embodiment of the certain exemplary embodiments of the present disclosure. Furthermore,
the particular features, structures, materials, or characteristics may be combined in any

suitable manner in one or more embodiments.
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10in their entirety to the same extent as if each individual publication or
patent was specifically and individually indicated to be incorporated by
ref er encewo0 2011/0820ar i ous exenpl ary enbodi ments have beemrcaamsesioloeros These
and ot her enbodi ments are within the scope of the follow ng clains.

CLAI MS: 1. A polishing pad conprising: a sheet having a
first major side and a second major side opposite the first 5major side,
and Whilg thy speeificetiondtas gesaridpgd ﬁgdwlgwmrse@mpéﬁmeﬁ@%m% #ly from
the firsg.mjar sk I L st di ' ! ' norppl. to the
first nﬁ%ggﬁiﬁﬁggmﬁﬁkggfﬁg%%;lgggbt%g%ﬁ?@?gﬁnﬁﬂgghg%%%%%%ﬁ¢ﬁgOgﬁgnents are
i nt egr al foyegorigraay weddily tcbecssveetal@rutiohatoe v aidtipne of) ard t@dvaentaso these estri ct

| ateral nmovepent of the polishing. elenents with.respect to one 10or nore of
the ot hef™ IEHpnd oeainglt gt,S}le_g bﬁéﬁg&ﬁmﬁ@%%ﬁﬁ@ow Brohiq e
subst am%@h}%ﬁﬂﬁéd’%‘ tht AnBuR@ld eﬁﬂ&d&l s F&?@[ﬂ? erbi ﬁ?&%! aiy thii‘ﬂul%h%%ﬁ@ds ’

wher ei n east a portion of e plurality of polishing elenents conprise

an or ganheeipatht revithtdreof nunharical mngesdyndnidpoiotsss paéndee to plchsie all bothbArs

ol ishin ad conprising a su ri.l r hayi i jor. si de and a
Pocond iyl SR pedrd GREPR 5 et a1 P B2 Band 80, L85, 53
pl ur al i t3daforp@il hehbag uelER@ah SrbRRGac fobd Msdifibd 5§ tEkek ashate of the
support | ayer, wherein each polishing el enent has an exposed poli shing

sur f ace, Futigrmpisy &i pultlivetipns| and Ipkivgtset fenameed hexiname incoperat¢eby efgrenaenj or

Si of 1 .20suU rt, layer along..a fi.rst.direction substantially normal to
a0 e o i BRHEP G oo Rl nE G B N LSRR MR b1 Urat 1y
of pol i sipetigicallLamnihgivedany ificadd 1©hgamicpdratt boutfatacd.iller in a
conti nuous pol ynmer phase. ) )

Various exemplary embodiments have been described. These and other

embodiments are within the scope of the following claims.
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3. The polishing pad of claim2, wherein each polishing elenent is affixed
to 25the first major side by bonding to the support |ayer. 4. The
pol i shi ngwpadiai2sbai m 3, further conprising a guide pl aCe/usppos®si2est he
support |ayer, wherein the guide plate conprises a plurality of apertures
extendi ng through the guide plate, and further wherein at |east a portion
of eachzéolishing el ement extends 30into a correspondi ng aperture. WO
2011/ 082¢58®M: US2010/ 062205 5. The polishing pad of claim 4,
wherein a portion of each polishing el enent passes through the
correspondi ng aperture. 6. The polishing pad of claim4, wherein
each polishinpg el eagotistiagpad édnapripéng: 5and wherein each flange has a
perimeter greater than a peripeter of the correspondi ng aperture. 7.
The pol i shing pad ?bg"eéi hvifex gx%h@a&rﬁld@ﬁl@d@&P%dmlaa?reﬂ%owﬁ%@eérﬁm yImer ,
a copol ymer . . ymer bl end, a polyner conposite, or conbinations thereof
10 3 lg%g?ygﬁgﬁgolishing pad of claim2, wherein the guide plate

mai nt ai ns t he ori enplatalionoBpolishmgptdnaitd exgerelirenmntvardiy o théBrst nragdr
direction

ile_.allown E%{Fe olishing el ements to independently translate

2l ong. t rata H1pig € ATy dBETER ST HTLY FEETAE (R LR St BETORS6 R
pol i shi nghrR@sloPthe pbRiNMLelcibhts RRY inf@ AN fSHRQ Wit Blcl sHBLtRE] ¢ASREAI ti on
distribution layer covering at |east a portion of the guide plate.

connected so as to restrict lateral movement of the polishing elements with respect to one

10 or more of the other polishing elements, but remaining moveable in an axis substantially
normal to a polishing surface of the polishing elements, wherein at least a portion of the
plurality of polishing elements comprise an organic particulate filler in a continuous

polymer phase.

15 2. A polishing pad comprising a support layer having a first major side and a
second major side opposite the first major side, and
a plurality of polishing elements bonded to the first major side of the
support layer, wherein each polishing element has an exposed polishing surface, and
wherein the polishing elements extend from the first major side of the
20 support layer along a first direction substantially normal to the first major side, further
wherein at least a portion of the plurality of polishing elements comprise an organic

particulate filler in a continuous polymer phase.

3. The polishing pad of claim 2, wherein each polishing element is affixed to

25 the first major side by bonding to the support layer.

4. The polishing pad of claim 3, further comprising a guide plate opposite the
support layer, wherein the guide plate comprises a plurality of apertures extending through
the guide plate, and further wherein at least a portion of each polishing element extends

30 into a corresponding aperture.
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10. The polishing pad of claim1, further conprising a polishing
conposition distribution |ayer covering at |east a portion of the first
maj or Si WO 28101/082156 11. The polishing pad of claim9 ecTAB20mioeres n each
pol i shing el ement extends along the first direction at |east about 0.25 nm
above a plane including the polishing conmposition distribution |ayer.

2512. The polishing pad of claim9 or 10, wherein at | east sone of the

pol i shing el efrent sTheralispiogipafohglasn ff whersinid ppshompf each pobisheselemenir f ace of
t he polishi it LSEr jon | ayer. 13.The polishing pad of claim
9 or 10,&ﬁkﬁggﬁﬁQQ?Qféggﬁxggﬁéa%%%Phe pol i shi ng 30el enments have polishing
surfaces recessed bel ow an exposed surface of the polishing conposition

di stribution |ayer, ) 2011/ 082156PCT/ US2010/ 062205 14. The pol i shi ng pad
of claim 12 of- 13,T%11\é\}?1éﬁwgtpﬁgofz)elmr%ﬁi WhereBrRse’ peli ngofid[%rfl?lit@ﬁ?@ﬁngeayer

conpris e%ﬁ%&&ﬁ%@&?ﬁ&g%g%g 5 {?ﬁhm@é}’ }gf&gteﬁ‘tﬂa{’} ragﬁgﬁw%(t:élr oF ﬁletcja%sq)él,ﬁﬁ{ dness of

the polishing el enents. e pol Fshing pa aim9 or ﬁ%erein t he
pol i shi ngpedorgposi tion distribution |ayer conprises at |east one hydrophilic
pol ymer. 16. The polishing pad of claim9 or 10, wherein the polishing
conposition

7. The polishing pad of claim 2, wherein the guide plate comprises a polymer,

a copolymer, a polymer blend, a polymer composite, or combinations thereof.
10
8. The polishing pad of claim 2, wherein the guide plate maintains the
orientation of the polishing elements along the first direction, while allowing the polishing

clements to independently translate along the first direction with respect to the guide plate.

15 9. The polishing pad of claim 2, further comprising a polishing composition

distribution layer covering at least a portion of the guide plate.

10.  The polishing pad of claim 1, further comprising a polishing composition
distribution layer covering at least a portion of the first major side.
20
11.  The polishing pad of claim 9 or 10, wherein each polishing element extends
along the first direction at least about 0.25 mm above a plane including the polishing

composition distribution layer.

25 12.  The polishing pad of claim 9 or 10, wherein at least some of the polishing
elements have polishing surfaces flush with an exposed surface of the polishing

composition distribution layer.
13. The polishing pad of claim 9 or 10, wherein at least some of the polishing

30 elements have polishing surfaces recessed below an exposed surface of the polishing

composition distribution layer.
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di stribution | ayer conprises a foam 10 17. The polishing pad of any
one of clains 2 or 9, wherein each polishing elenent is thermally bonded to
t he suppow0 20 ays2156 18. The polishing pad of any eoe/ustoioloed2ns 2 or

9, wherein the support |ayer 15conprises a thernoplastic polyurethane

19. The polishing pad of any one of clains 1, 2, 9, or 10, further
conprising a conpliant |ayer affixed to the second major side opposite the
plurality of bblishiqrplishiagpad of clagn 12 or 13, wigreiqee prdishwgicamppsitiont cl ai m

19, whergi.n.a. j . t i.shi ! I | I | ayer is
ess e RiERG ARG B8l ANCAR GOMRATARR RiShi PR Y

cl ai m 19%f tipsléshingt ddememaspl | ant | ayer is affixed to the 25second maj or side
by an adhesive |l ayer at an interface between the conpliant |ayer and the

second mmj or si de. 22. The polishing pad of claim19, wherein the

compl i ant. | aypy  COMRY iciRRinARN WELiufm URE 60! FhorS Bl BCL AL BANS,
natural rubber, styr e-ﬁﬁgiﬁ?ene rugE%r,’g6ﬁ60pre%e, pglyu gﬁﬁane,
pol yet hydienibptienklyeominipmatd aisast dwer lgalfophild @O¢heN82156PCT/ US2010/ 062205
23. The polishing pad of claim19, further conprising a pressure sensitive
16.  The polishing pad of claim 9 or 10, wherein the polishing composition
distribution layer comprises a foam.
10
17. The polishing pad of any one of claims 2 or 9, wherein each polishing

element is thermally bonded to the support layer.

18. The polishing pad of any one of claims 2 or 9, wherein the support layer

15 comprises a thermoplastic polyurethane

19. The polishing pad of any one of claims 1, 2, 9, or 10, further comprising a
compliant layer affixed to the second major side opposite the plurality of polishing
elements.

20
20.  The polishing pad of claim 19, wherein a compliance of the polishing

composition distribution layer is less than a compliance of the compliant layer.

21.  The polishing pad of claim 19, wherein the compliant layer is affixed to the
25 second major side by an adhesive layer at an interface between the compliant layer and the

second major side.
22.  The polishing pad of claim 19, wherein the compliant layer comprises

polymeric material selected from silicone, natural rubber, styrene-butadiene rubber,

30 neoprene, polyurethane, polyethylene, and combinations thereof.
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adhesive | ayer affixed to the conpliant |ayer opposite the second major

si de. 24. The polishing pad of any one of clains 1, 2, 9, or 10,
wher ei n esohlobpskisshi ng el ement extends al ong the first pdirnisettioomn2es | east
about 0.25 mm above a plane including the first major side. 25. The

polishing pad of any one of claims 1, 2, 9, or 10 wherein the continuous
pol ymer phase conprises a thernnplastlc pol yur et hane, an acryl ated
10pol yur et hands- anTlqpeptising@ad pbrlpim éP Harber qmpsisogiadir2edrorgbyeys a vi nyl

oSt Adieel ORSH! GELEDR HER Mo KB Lo BRI SR A ROTD] nat i ons

t her eof one alrms 1, 2, 9, or
10, wherein the organic particulate filler conprises at |east one of a

t her nopl astic_pol yner, a ther et pon ., a l1lbwater sol ubl e polyner, or
conbi nati ons %‘Eereﬁepohshmgpé of 41He0nsH? .@rﬁmﬁd pad o6 0.V hgreH $8Ch wher ei n t he

or gani ¢ sﬁfn‘é%ie‘fi‘ﬁé%]t E#t%ﬁcfs%l?r%@% 26 Hirdltidn :«f{‘%as%%up(ﬁ 2§‘F918 Iay&leea IQne a cyclic

pol yol efin, a~polyo inic plastic ast oner I nyl cohol ,

pol y( et hntledmgahé fissy mapwlside( vi nyl al cohol ), poly (V|nyI 20pyroII|done)

pol yacrylic acid, poly(meth)acrylic acid, or conbinations thereof

28. The polishing pad of claim27, wherein the polyolefin is selected from

pol yet hyl ene, 2ol yPEOpIIsBRE. a@@ky@u&ﬂ@mm@ql Y, B 0P wd Wheren theol yoct ene,
copol ymers thereof, and conblnatlons t her eof 25 29. The polishing

pad of awptlou@lsqiolm@npheselqonmnsgs, a thermoplasiivenobivncthine, on gamiated
10 polyurethane, an epoxidized polyurethane, an epoxidized rubber, a vinyl resin, a

cyclopentadiene resin, a vinyl ether resin, and combinations thereof.

26. The polishing pad of any one of claims 1, 2, 9, or 10, wherein the organic
particulate filler comprises at least one of a thermoplastic polymer, a thermoset polymer, a

15 water soluble polymer, or combinations thereof.

27. The polishing pad of claim 26, wherein the organic particulate filler
comprises at least one of a polyolefin, a cyclic polyolefin, a polyolefinic thermoplastic
elastomer, polyvinyl alcohol, poly(ethylene oxide), poly (vinyl alcohol), poly (vinyl

20 pyrollidone), polyacrylic acid, poly(meth)acrylic acid, or combinations thereof.

28.  The polishing pad of claim 27, wherein the polyolefin is selected from
polyethylene, polypropylene, polybutylene, polyisobutylene, polyoctene, copolymers
thereof, and combinations thereof.

25

29. The polishing pad of any one of claims 1, 2, 9, or 10, wherein the organic

particulate filler comprises from about 5% to about 90% by weight of each polishing

element.
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particulate filler conprises fromabout 5% to about 90% by wei ght of each
polishing element. WO 2011/ 082156PCT/ US2010/ 062205 30. The

pol i shi ngwpadiiais2ehry one of clainms 1, 2, 9, or 10, wher ecm/usb@ons2ami C
particulate filler is characterized by at |east one of a length from5 to
5,000 mcroneters, a wwdth from5 to 250 m croneters, an equival ent
spherical dianmeter of from5 to 100 mcroneters, or a conbination thereof 5
31. The pol i sHl-ng Papadshiagyad abamf ond efichms 1, 2,9, or 1@rwhiein fre@raptic t he

pol i shi f - ' iV It i di an
G ot er P e B Ly A U G PORETS B R Eonf S8 860 bReLR, 10070
cl ai n8 1wid?h fiBm Do 260, miskwiicen, @t cqubatint giteriofl didrectpodfi fadm Ggo ¢0@nment s
conprises.a porous polishing el enent, wherein each porous polishing el enent

conpr i se®ICHOBElEEsaPT & SPrRRIngfipndhereot. 33. The polishing pad of claim 32,
wheeein substantially all of the polishing 15el enents are porous polishing
el enent s. 34. The polishing pad of claim 32, wherein the pores

conpri sing eath pdflousolpbingghi nfjaet enerftclams 1d2,<%, oi btveltbreih tioughisbing
substantial | he entire porous polishi el enent.. 20 35. The
Dol shi rijemsals Bitict By SO e LTy i e Sigresss ofispiticn d8€ o

cl osed cgldroh&am 36. The polishing pad of claim 32, wherein the

plurality of pores conprises an 25open cell foam 37. The poli shing
pad of claim 32, wherein the plurality of pores exhibits a uni nodal

g: E@ ;: Ib,l[J ;I g? 51 gghg%ﬁﬁlléﬁ?lg%gg %f ;rlbyeo&oolfl c?arfrlnlg% E,aé:,i 09 flO,Cv!Jl?elrerPn?ﬁtz Iea%%g ein the
of the polishing elements comprises a porous polishing element, wherein each porous

polishing element comprises a plurality of pores.

33.  The polishing pad of claim 32, wherein substantially all of the polishing

15 elements are porous polishing elements.

34.  The polishing pad of claim 32, wherein the pores comprising each porous

polishing element are distributed throughout substantially the entire porous polishing

element.
20
35.  The polishing pad of claim 32, wherein the plurality of pores comprises a
closed cell foam.
36.  The polishing pad of claim 32, wherein the plurality of pores comprises an
25 open cell foam.
37.  The polishing pad of claim 32, wherein the plurality of pores exhibits a
unimodal distribution of pore size.
30 38.  The polishing pad of claim 32, wherein the plurality of pores exhibits a

mean pore size from about 1 nanometer to about 300 micrometers.
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mean pore size fromabout 1 nanoneter to about 300 microneters. WO

2011/ 082156PCT/ US2010/ 062205 39. The polishing pad of claim 32,
wherei n twe 2plwnsaissty of pores exhibits a nean pore sizecrusoianezns 1
m croneter to about 100 m croneters. 40. The polishing pad of any

one of clainms 1, 2, 9, or 10, wherein the polishing 5el enents are sel ected
to have a cross-section, taken in the first direction, selected from
circular, el 13%ti chicpalishinggaf of claiydareherpiadhaplytalisy of paiep exhaps20i dal , and
conbi nat j Qns ' | Shhng.: any one of clains 1,

2, 9, oﬁh%%ﬂmﬁgg¥§?$F%?Bgub%Pﬁéﬁ?%%gfgg?%ﬁéﬁqgnﬁggﬁgé- | east one di mension
fromabout 0.1 mmto about 30 mm 42. The polishing pad of any one

of claims 1, 2, 9, or 10, wherein the polishing elenents are arrapged in a
t wo- di mensi oridl- arT%a/pog!abmgrpﬁd Shamhenerqficlyimg; 5.8 did Whasors .twlﬁgnngsm ng

padsof a0y one A seRbRUTE héve cr§ s-SM0gs ,itafkeﬁiin bRastt cﬁf%%ti&% jéllaﬁ_te@ ﬁ]ohf hi ng

elenments 1s a transparent polishing elenment. he poli shi ng
pad of cdisiubarXlliptivet, eiimgnhe, supporcttahgyler, and trépggoidde apd edmebinttienspol | shi ng
conposi“%on istribution |ayer, at |east one polishing elenent, or a
conbi nat "6°20t her eof is transparent. 45. The polishing pad
according to claim 19, wherein the support |ayer, the guide plate, the

pol i shing conposition distribution |ayer, the conpliant |ayer, the
adhesi ve, | ay#l., athdpdishingmed pbhiysirion cdimsdn?, 9, or 18, vlontin mlat padishinger eof

i s,transparent, 25 6. The.polishi ad of one of clainms 1 or
10107 S eARR SRS Rt tsnyt e find OB RBRPRNERPER o B f Hrf el cront att i xed
to a transparent portion of the sheet.

42. The polishing pad of any one of claims 1, 2, 9, or 10, wherein the polishing

clements are arranged in a two-dimensional array pattern on the first major side.

15 43.  The polishing pad of any one of claims 2 or 9, wherein at least one of the

polishing elements is a transparent polishing element.

44.  The polishing pad of claim 9, wherein the support layer, the guide plate, the
polishing composition distribution layer, at least one polishing element, or a combination

20 thereof is transparent.

45.  The polishing pad according to claim 19, wherein the support layer, the
guide plate, the polishing composition distribution layer, the compliant layer, the adhesive,
layer, at least one polishing element, or a combination thereof is transparent.

25
46.  The polishing pad of any one of claims 1 or 10, further comprising at least

one transparent polishing element affixed to a transparent portion of the sheet.
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WO 2011/ 082156PCT/ US2010/ 062205 47. A method of using a polishing
pad according to any one of clainms 1-46, conprising: contacting
a surfacewof2om/meisstrate with a polishing surface of thecpalscahioszopad of
any one of clainms 1 to 46; and 5rel atively noving the polishing pad with
respect to the substrate to abrade the surface of the substrate.

48. The nethod of claim47, further conprising providing a polishing
conmposi tion t4/-an Amiehgded Sb@té\/@éﬁhlﬁlﬁ@aé&@%‘&’mﬁ@ padongpfickdas 4rfé. t he
substrat&nﬁﬁﬁﬁ ce. 10 49. A nethod of making a polishing pad

accordi ng 5%@ one of clainms 1, 10-42 or 46, conprising:

di spersi ng an or gagun€acpiag biseidh@tof afsubdtere with a polistahd surteapdtictpolishing
conprisig%ﬁﬁ curabl e pol yner precursor material; 15di spensing the curable
conposi t? iAAY 90 Ohglpigs Ligdfto; an curing the curable conposition in
thesnmold to form e : i N [ i te
filler dispersed ﬁﬁR%kgﬂgﬁéﬁ%égﬁﬁ%gggﬁéﬁ?gwggF%‘g%g§§%§$ﬁ%§§%%ﬁ§%%%

mat er i al the sindageaif yimequbstratieet having a first major side and a second mmj or
side opposite the first major side, and a plurality of polishing elenents
extending outwardly 20fromthe first major side along a first direction
substanti al | yagior mphe hethb8ef Elafn® 47 "RBHREr DhipRisingRéAHMg MR 1BAhE Shi ng

el enents are integrally forned with the sheet and laterally connected so as
t o rest réaspastioartakn miuéare betvafenthepqlohing ived guidiasmpd tlye substhate swfrset to one
or Qnre of the other polishing elenents, but remaining noveable in an axis
su$ tantially normal to a polishing surface of the polishing elenents. 25
50. The net hogh of glnadthe et mikies e polidhisDRidsdcg didpao ahgant 6f daindsicul at e
filler conprises high shear mxing, nmedia mlling, nedia-less mlling, or
conbi nat & ot Hfocadprising: 51, The nethod of claim49 or 50, wherein

di spensi ng the cur gl ey 00 ol N FAMRLCATRH 385rBle dfARkiAAG o LgRC | On

i njection nol ding, extrusion ] I'ng, conpression nolding, or a condination
t her eof . a curable polymer precursor material;

15 dispensing the curable composition into a mold; and
curing the curable composition in the mold to form a polymeric sheet

containing the organic particulate filler dispersed in the at least partially cured polymer
precursor material, the polymeric sheet having a first major side and a second major side
opposite the first major side, and a plurality of polishing elements extending outwardly

20 from the first major side along a first direction substantially normal to the first major side,
wherein the polishing elements are integrally formed with the sheet and laterally
connected so as to restrict lateral movement of the polishing elements with respect to one
or more of the other polishing elements, but remaining moveable in an axis substantially

normal to a polishing surface of the polishing elements.

25
50.  The method of claim 49, wherein dispersing the organic particulate filler
comprises high shear mixing, media milling, media-less milling, or combinations thereof.
51.  The method of claim 49 or 50, wherein dispensing the curable into the
30 mold comprises at least one of reaction injection molding, extrusion molding, compression

molding, or a combination thereof.
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WO 2011/ 082156PCT/ US2010/ 062205 52. The net hod of any one of clains 49-51,
wherein curing the curable conposition is achieved by thermal curing,

t her mal owoi2og/osaber pressure, actinic radiation curi ngpPCoruseanioszzas i ons

t hereof. 553. A nethod of meking a polishing pad according to any one of
claims 2-9 or 11-45, conprising: formng a plurality of
polishing el ements conprising an organic particulate filler dispersed in a
conti nuous potd merTishasidod ghany one of claims 49-51, wheregoheingdghe ¢isalle| i shi ng

el enent s . T8 i S t. | i ng, & second maj or
si de opﬁ%@ﬂ%%np é§§?€§%8Egﬁ%?ﬁgfégﬁﬁbﬁgﬁﬁﬁfghg%ﬁﬁ%%%%%&%gaﬁﬁgﬁ_The met hod
of any ondiafiot b@iings odCerbBinatianstthecofconpri sing formng a pattern with the
plurality of polishing elenments on the first major side. 1555. The met hod of

claimb54, wherein formng a pattern conprises reaction injection nolding

thespol | shi ngs £l enRifnddloft HEkiREh hefithind Mid diebBhaTB LAY Bl bPGaiRRI1.6B} NG
elenents in the pattern, conpression I'ng the polishing e?enents in the
patt er n, 1la#¥,aogipnginghe pol i shing elements within a tenplate corresponding

to the pattern, or_.arranging,.the. pol.i.shi el enents. on the support |ayer in
the pattern. 20 S 6o PRI O ST AR B & SRR 156 A8 SN BT 5 nch ng

the pol i gildr¥espets8aBIY SordtRubiiepciRBOfHasd; 84" conprises thermal bonding,
ul trasoni ¢ bondi ng, actinic radiation bonding, adhesive bondi ng, and

conbi nat i ons t her elgindine387 palishingetitroentefo afisst oawrefdef aisnppolaB®, wher ei n

t thO cont Illar\]f'ijn%ueis S€%81|1C¥ nrrlgjror side opposite the first major side to form a polishing pad.

54.  The method of any on of claims 49-53, further comprising forming a

pattern with the plurality of polishing elements on the first major side.

15 55.  The method of claim 54, wherein forming a pattern comprises reaction
injection molding the polishing elements in the pattern, extrusion molding the polishing
elements in the pattern, compression molding the polishing elements in the pattern,
arranging the polishing elements within a template corresponding to the pattern, or
arranging the polishing elements on the support layer in the pattern.

20

56.  The method of any one of claims 50-55, wherein bonding the polishing
elements to the support layer comprises thermal bonding, ultrasonic bonding, actinic

radiation bonding, adhesive bonding, and combinations thereof.

25 57.  The method of any one of claims 49-56, wherein the continuous polymer
phase comprises a thermoplastic polyurethane, an acrylated polyurethane, an epoxidized
polyurethane, an epoxidized rubber, a vinyl resin, a cyclopentadiene resin, a vinyl ether

resin, and combinations thereof.

30 58.  The method of any one of claims 49-57, wherein the organic particulate
filler comprises at least one of a thermoplastic polymer, a thermoset polymer, a water

soluble polymer, or combinations thereof.
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phase conprises a thernopl astic pol yurethane, an acryl ated pol yuret hane, an
epoxi di zed pol yur et hane, an epoxi di zed rubber, a vinyl resin, a

cycl opentwoizenésessi n, a vinyl ether resin, and conbi natcons2eiesr2od

3058. The nmet hod of any one of clains 49-57, wherein the organic particulate
filler conprises at |east one of a thernoplastic polyner, a thernoset

pol ymer, a water soluble polyner, or conbinations thereof. WO

2011/ 082156PCGH- UsZbhometbeg gbclaim 58, wiggein theorganip partisplag llancagprighsit ei n t he

or gani l@@srttoléggé [}@Fyéffehhea[ c;%%ﬁg}&%gfegﬁgﬂl B&E@%EP%RGMOS%SHQE%Q‘%ﬁ%{ n, acyclic

pol yol ef'n, Inic oner, yviny ‘cohol

pol y( et hydlevigylatiote), poddtiylend owitlc)apelgtioinyl alpstoy), polytyinypyyrollidogone) ,

pol yacrylic acid, poly(nmeth)acrylic acid,. or copbinations thereof. 5

60. The m%m&dwoefcug ] Y%@S@S]acm@raé‘/ﬂq of pembigriensdhsect s sel ected from

pol yet hyl ene, pol ypropyl ene, pol ybutyl ene, polyisobutylene, polyoctene,
copol yners thereof, and conbi nations thereof 1061. The nmet hod of any one of
cl ai ns 49- 60, 60amherEhamtthed of glam 69 pahdreiothapayédlefih ersebotedrirees from about

5% to aboyt % by wei ght of ch polishing el enent. 2. The net hod
of " any. O SP Gra PR DY ksn. Ratany B AG BPUMH Ee o atwo R 1 o

char act efhbz8fl ahY cahbingasds th&eoef a length from5 to 5,000 mcroneters, a
width from 155 to 250 mi cronmeters, an equival ent spherical diameter of from

5 to 100 micronmeters, or a conbination thereof. 63. The net hod of

f claj 9- 62 ' | i,§hi I f [
abf8aive par 1 eur ot Beritot AEE Sl hih 43mon PG RTEE L iy g e ™' =€

20m cr on@fi@fcomprises frorR4bout!3e, FRIBQEI baryei @@ edchGlcdishmg 4Rnfedt. Wherein at
| east a portion of the polishing elenments conprise porous polishing

el ements. 2565. The nethod of claim 64, wherein the porous polishing

elements are (gé) r mE'Phe method of any one of claims 49-61, wherein the organic particulate

filler is characterized by at least one of a length from 5 to 5,000 micrometers, a width from
15 5 to 250 micrometers, an equivalent spherical diameter of from 5 to 100 micrometers, or a

combination thereof.

63.  The method of any one of claims 49-62, wherein the polishing elements
further comprise abrasive particulates having a median diameter of less than one

20 micrometer.

64.  The method of any one of claims 49-63, wherein at least a portion of the

polishing elements comprise porous polishing elements.

25 65.  The method of claim 64, wherein the porous polishing elements are formed
by injection molding of a gas saturated polymer melt, injection molding of a reactive
mixture that evolves a gas upon reaction to form a polymer, injection molding of a mixture
comprising a polymer dissolved in a supercritical gas, injection molding of a mixture of
incompatible polymers in a solvent, injection molding of porous thermoset particulates

30 dispersed in a thermoplastic polymer, incorporation of micro-balloons, and combinations

thereof.
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by injection nolding of a gas saturated polymer nelt, injection nolding of
a reactive mxture that evolves a gas upon reaction to forma pol yner,

i nj ecti orwwoabdiasgisef a m xture conprising a polymer di s®orusdoionezos
supercritical gas, injection nolding of a m xture of inconpatible polyners
in a solvent, injection nolding of porous thernoset particul ates

30di spersed in a thernoplastic polyner, incorporation of mcro-balloons,

and conbi nat i @hs thegmethod pixlam 67.08xree peTpaispat dpmsRdyscaction injeggn The

met hod Oﬁlofa'ir?%ggsgcgl;)%e‘{%lgﬁ f&aﬂnhggmﬁgéﬁﬁg%ﬁ nsft8§&89 by reaction injection

nmol di ng, gas Ion foam i nations thereof. 67. The
nmet hod of any one of clainms 49-66, wherein at |east sone of the 5polishing
el enents conprise substantially non-paorous polishing el enents, 68.

The method of%%any bifemeinod phpmgonepisiaims dp1ohe WhersHptilashipma ¢tk ng a

conpl i ant i} By 6T 1dnt Rl bl g Jhe deh of any one of

clg?ns 9%188,§furtnégﬁggﬁ%??g?hg %Q¥?g€§8“é9 g*%gﬁ%ng %g%position

distribution layer covering at |east a portion of the first nmjor side.
68.  The method of any one of claims 49-67, further comprising affixing a

compliant layer to the second major side.

10 69.  The method of any one of claims 49-68, further comprising affixing a

polishing composition distribution layer covering at least a portion of the first major side.
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