64462W0003 POLI SHI NG PAD W TH FLOATI NGELEMENTS AND METHOD OF MAKI NGAND

USI NG THE SAME CROSS REFERENCE TO RELATED APPLI CATI ON Thi s application
cl ai ns t wokereafpi200f U S Provi si onal Patent Applicati orCRaS6dbOBMH3ZBI1,
filed July 18, 2008, the disclosure of which is incorporated by reference
herein in its entirety TECHNI CAL FlI ELD The present disclosure relates to
polishing pads with floating polishing elenents, and to nethods of naking
and using such polishing pads in a polishing process, for exanple, in a
chem cal mechanical pl anarization process BACKGROUND During the manufacture
of sem conductor devices and integrated circuits, silicon wafers are
iteratively preeeesed through a series of deposition and etching steps to
formoverlying material |ayers and device structures A polishing technique
known as chem cal nechanical planarization (CW) may be used to renove
surface irregularities (such as bunps, areas of unequal elevation, troughs,
and trenches) renaini ng afroesHiNGeAn IphoNcaneventshi ng steps, with the

obj ective of obtaining ansaRRidh MENLaENG NS Bec WME @it scrat ches or
depressions (known as dishing), with high uniformty across the wafer

surface In a typical CWP(ﬁglish,ng Erocess a substrate such as a wafer is
pressed agai nst and reIaL'.gi.F' T'5?,1'RiEf‘iA'];'Eé'.é"ﬁ5'(‘9?"@181\_1a_poIishing pad in the
presence of a’wor ki nghitPRjcatier ceipgthe bensfitplny. Rraisiota! Paters frptieien B¢ abr asi ve
particles in wat e/ o#el el T 3.8908 e digrlogrefmhst is ipcolam¢ddursfer@d pol | shi ng pads
for use with abrasivaishisyi es have been di scl osed, for exanple, U S Pat
Nos 5, 257,478, 5,921, 855, 6, 126,532; 6,899,598 B2, and 7,267,610 Fi xed
abrasive polishing pads are al so kmmaamcaraseiexenplified by U S Pat No

6,908, 366 B2,10i N Whi afk phebif idREASINE 0 Pl abhs@5n BERe GRARI ARy fixed to the
surface of the pga_qcltoB%t}%ogsr(])fnllaﬁmgtapaglcsjggos%ﬁogsfhingrgs?n'a%c?i}sl%/’ng%rpcgsg,? _abrasive

conposites exten |n§ . OFII e g S ace Recen a polishing pad having
a nmultiplicity of “BEIFIEIIAG BFEHEN L& ERE g from a conpressi bl e
BACKGROUND
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

WO/2006057714. Although a wide variety of polishing pads are known and used, the art
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under | ayer and affixed to the underlyer by a guide plate was described in
WO 2006057714. Al though a wide variety of polishing pads are known and
used, thewvanboowbiznues to seek new and i nproved pol i shi rgTABA®0STIZLMP,
particularly in CVMP processes where |arger die dianeters are being used, or
where higher |evels of wafer surface flatness and polishing uniformty are
requi red SUMVARY | n one exenpl ary enbodi nent, the present disclosure
describes a polishing pad conprising a plurality of polishing el enents,
each of the polishing el enents bonded to a support |layer so as to restrict
| at eral nmovenent of the polishing elements with respect to one or nore of
the other polishing elenents, but remaining noveable in an axis normal to a
pol i shing surface of the polishing elenents In certain exenplary

enbodi ments, the polishing elenents are thernmally bonded to the support

| ayer In sone exenplary enbodi ments, at |east a portion of the polishing

el ements conpri secopiofeQblsekpal andshpravel pellsiedppaat sr,cvaenpekiduaiyadaiet i onal enbodi nent s,
at least a surfacgces @achaP@l QserPRlbkiShicN g b SMBAlvGoatd Ses a plurality

of pores. In some particular;enoedi.ments,Qf porous polishing elenents, the
pores may be distributed t roughout substantially the entire porous

polishing elegent In other particul gy,saRedi mrents of porous polishing

el enents, the pores be distrjbuted substantiall . the polishing
Surface of the ol eneltiRag: P dr e B rS Ra R L P he por os

di stributed subst@RtiPEgePY St of RPRBINgETPE R 1S P RELemEYS PP HE 8] emrent  conpri se
a plurality of chamaglys stratpirepigst laterd mossengitd relgnalelegniapith rsetect ed from t he
group consi sti ng &@éor &yt i melsthe@lishingteleheai Gid ketfigingm@@iba MGudxa hgrmal  apezoi dal ,

heni spheri cal angdogeiEhiAbiRpssihhesRAf nlbnrBotRstnRXaIRIAr Y enbodi ment,

th e. prese n.t di scl p%§s}il1£g%le%e%§ grg the%aﬁy b%‘ndeQcL thessbdpcgtgayg..aig so%ggpnll‘plarsyi ng a su p por t | ay er
having a first nq%gr si de and a second | de %ﬁgpsbte the first major

. .| or 'S
side, and a plura @Vw%ﬁMB%V??%Tﬁ&wgwgﬁéﬁ%“ME?WFﬁé 8"t%e first mmjor side
of the support | aSEes fierdior! tiedinset 1térl afgfaeioemd prys neiekitend from the first
maj or side of theclegenpporrises b dydity ofldbrong a first direction substantially
normal to thesfirst map@parshaemionn&s bitpabud paBskRydnmaisyih-piraeiaent s, t he

pol i shing el ement &L mloBL B RO ook o philiens SHRRAOKL Lind-ayer In some
exenpl ary enbodi nent I g elements

. icu a%emg'(;[dimer‘?s%%ro as g&%&% !agnrgnts? &%Ftatgstema l%ldlllstﬁbbl%é; .
conpri se porous ppO 1SNl ng el el nlf , a I'n additional enbodi nents, at | east
a surface of eac hsubstantlally at'the polishing surface of the element. In certain exemplary embodiments,

the pores distributed substantially at the polishing surface of the element comprise a
20 plurality of channels having a cross-sectional shape selected from the group consisting of
cylindrical, triangular, rectangular, trapezoidal, hemispherical, and combinations thereof.
In another exemplary embodiment, the present disclosure describes 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 affixed to the first major side of the
25 support layer, wherein the polishing elements extend from the first major side of the
support layer along a first direction substantially normal to the first major side. In certain
exemplary embodiments, the polishing elements are thermally bonded to the support layer.
In some exemplary embodiments, at least a portion of the polishing elements comprise
porous polishing elements, and in additional embodiments, at least a surface of each
30 porous polishing element comprises a plurality of pores.
In some particular embodiments of porous polishing elements, the pores may be

distributed throughout substantially the entire porous polishing element. In other
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porous polishing el enent conprises a plurality of pores In sonme particul ar
enbodi nents of porous polishing elenents, the pores may be distributed

t hr oughowo=otmmwasdi al |y the entire porous polishing el ecents2000/051032

ot herparticul ar enbodi nents, the pores may be distributed substantially at
t he polishing surface of the elenments In sone exenplary enbodi ments, the
pores distributed substantially at the polishing surface of the el enent
conprise a plurality of channels having a cross-sectional shape sel ected
fromthe group consisting of cylindrical, triangular, rectangul ar,
trapezoi dal, hem spherical, and conbi nations thereof In a further exenplary
enbodi nent, a nethod of making a polishing pad is provided, the nethod
conprising formng a plurality of polishing el enents, and bondi ng the
polishing elements to a support layer In sone exenplary enbodi nents,
bondi ng the polishing elenents to the support |ayer conprises thermnal

bondi ng, acti ni c gadiciasdnb@imeddOmGbritghay @ div@skdseostpoamdit pgpolidinduee@nbi nat i ons
thereof In some ex@nqumadsy nedHe oG8R sodiminl Ehe B8s BiQkbuEdsiddnediy gonpri ses

arr angl ng t he pl ut[leq)l)llslkr)é SLQt{ace B(&Je klmht@(gl I%L a?ﬂ'ﬁ?a% &cﬂa&elghagl?gt tern before bondi ng
t he polishing el enents 1o t ‘f dggﬁgr fnlcerL n exenpl ary

enbodi ment's, ar r afgTHE ™ AP pYCAP ‘%V%W%%ﬁﬂg PEeht s in a pattern
conpri ses arréngﬂﬁﬁWPWémﬁ6FW§ﬁWﬁ@m@ gfereiRihheeot enpl at e, arrangi ng the

pol i shing el ement s o dfiyger samorpbolimgpe s methgha mdpadxiokaitararis t her eof 1 n
certain enbodinenhsmwa&nk@as&mﬁm@ﬁmmg@ﬂmm&onhﬁm@@kmﬁﬁhﬁngMﬁnents conpri se

porous pol i shing @Jpammte@memo§Q£§@m§gg[dtntsan9@,@4np®m%;nsm%@mgﬁé | east a

Bglr ;[ ISﬁInngf 6][ Qrerep()lofls]?mg eplgeme %16 sh p01§1a er cr pél)sgsetﬁerﬁlaybondm%%m(aratlr%(ﬁl?gn PﬁreOlr“ert hod

i ncl udes form’ng B WP%@@“BSPF?%WH@“@P@ WF%Pby injection nolding of a gas
saturated pol ymer melsomqersopley smbedimepst @ prEodfirhe comgies era)@re HE Xt ur e t hat

evol ves a gas upomrdie afpblistdn eltngntf iof mtean biat bpmig the folishiectenantotel di ng of a

m xture conmpri si Ngppdt el 1 o®Min &linHRO kvbBindntk) arhngild PefIGily b perakinggas, i nj ection

nol ding of a m Xt&%&ts%fapén@;{?&%@&ml] BQAob{sEﬁﬁgreﬁménQm@ne&mte\/&%m injection
nol di ng of porous, rticulate n a thernnplastlc

poI ymer , and COI’TbI g{shl% elerne th(gr)l?he su_f)po ayer. an§co(1§1dn Fonstlsleref)f }.nce ﬁlﬁﬂ ary enbodi nent ,

t he present d|scI%@ﬁwﬁm%%kﬁwﬁﬁ%?@ﬂwﬁﬁm3gﬁ%f%%ﬂ“ﬁ*p%@ﬂﬁﬁ‘% pol i shing pad as
descri bed above i dementsplolsims kilifgal prooressis at lpsheportgtoPbrpolishing elements

comprise substantially non-porous polishing elements.
In some particular exemplary embodiments, the method includes forming porous
20 polishing elements 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 dispersed in a thermoplastic polymer, and combinations
25 thereof.

In an additional exemplary embodiment, the present disclosure is directed to a
method of using a polishing pad as described above in a polishing process, the method
comprising contacting a surface of a substrate with a polishing surface of a polishing pad
comprising a plurality of polishing elements thermally bonded to a support layer, and

30 relatively moving the polishing pad with respect to the substrate to abrade the surface of
the substrate. In some exemplary embodiments, at least a portion of the polishing

elements comprise porous polishing elements, and in certain embodiments, at least a
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conprising contacting a surface of a substrate with a polishing surface of
a polishing pad conprising a plurality of polishing elenments thermally
bonded t owae1ppend | ayer, and relatively noving the polpchisSe@opamd3i t h
respect to the substrate to abrade the surface of the substrate In sone
exenpl ary enbodi nents, at |east a portion of the polishing el enents
conpri se porous polishing elenents, and in certain enbodi nents, at | east
asurface of each porous polishing elenment conprises a plurality of pores In
ot her exenpl ary enbodi nents, a working liquid may be provided to an
interface between the polishing pad surface and the substrate surface
Exenpl ary enbodi mnents of polishing pads having porous polishing el enents
according to the present disclosure have various features and
characteristics that enable their use in a variety of polishing
applications In some presently preferred enbodi nents, polishing pads of the
present di scl osur@rfaeyeadd@or@agotishied Hetent gpmptieeh 4 plusality bfdelesf Bothee hem cal nmechani ca
pl anarization ( CNRmpef; eibaditeihiS o WSIBE 1l W Bbaded dknliiGact REvegiat ed circuits and

sem conduct or devjggas |N.&&%I@. LoGxe&mmlary enmbodi ments, the polishing pad
described in this di%plqsu%gcpax royi de sone orﬁ@ll J t he foll ow ng
advant ages For exanmpl &P fHEEHE"E %ﬁ%?%? BHOBGIAETEE "5 ol i shi ng pad
accordi ng to fhe Fidsente RFESEdRtTavermagrs gegres e paerdes thegredlf n a wor ki ng

| i quid used in thkeir@GNVP priged sSishat sppliggions. (Tt @nd recetlylyefeywd erpoditrets. pol | shi ng
surface of the pa@isanhad bréne sretbsdisciadengbs fafiaanbeil Agd podhtnsdaied, t her eby

i nproving the effgehlidenessRicMeiewiulch Athadub QihGnidoRe AHGREAL | NG pol i shing
|n other exempl ar . eiRoi e e LOLLSLAGRAN BRERLHAGsL, e present
di scl osure may reguce or elim nate 3l§%|n%,and or e&ge erosi on of the wafer
surface duri nlé polt SHPHG™ P ROFrvRer! ELelT a7 8 #odi nent s, use of a
pol i shing pad w th pd&freasriereyerewagcasfiaimg relishing pré aprdrg e di scl osure may
permt processi ngreadt dsdgsgetay ai avred erin wadiér §quidhied ietha@iErteedsniteg t he required
degree of surf acentwkHilebed theyolibng @BLcadr Me Al GithCdMsirteYirRe bhing RiBGESSI Ng of nore

wafers before CPHQL%%B?&HQ¢9%&$QE$BQQW&H&LﬂﬁﬁnhgmﬂﬁgﬂﬁﬂmgﬂlOrder to
mai ntai n pol i ghi ng uni ormty r educi ng process

. er exemplary em| qu a to is%n V@' a?cl(’)rdiS L{cl)’ ea(r:eseest’di oI;ure a .
time and wear on e pgdy co_nd‘? T oner gIp_n certaln per’rfl)oécl?n_enn% 5, CWP pads with
porous pol i shi ng el stieedsins 0ersdes presiap of i el Kt (Ui Plifie advant ages of
conventi onal CMP paddn ity agplasiempodimentstusocf apclslinepuiotth myusgienroyes, but may be
manuf act ur ed noOr eacdoipg © Ueredsddl discl@ire oy beDMroceRS &f latgtr diaeketi vafedmaile enbodi nment s,
bondi ng of the pohdishingig QliRIRELSE ifcoluNBrmEii Phtigh AY Gk, PeYssi®d | M nate the
20 of more wafers before conditioning of the pad surface is needed in order to maintain
polishing uniformity of the wafer surfaces, or reducing process time and wear on the pad
conditioner. In certain embodiments, CMP pads with porous polishing elements may also
offer the benefits and advantages of conventional CMP pads having surface textures such
as grooves, but may be manufactured more reproducibly at a lower cost. In additional
25 embodiments, bonding of the polishing elements to the support layer may eliminate the
need to use a guide plate to affix the elements to the support layer.
Various aspects and advantages of exemplary embodiments of the disclosure have
been summarized. The above Summary is not intended to describe each illustrated
embodiment or every implementation of the present certain exemplary embodiments of the
30 present invention. The Drawings and the Detailed Description that follow more
particularly exemplify certain preferred embodiments using the principles disclosed

herein.
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need to use a guide plate to affix the elenents to the support |ayer
Various aspects and advant ages of exenplary enbodi nents of the disclosure
have beerweunmemwps2ed The above Sunmary is not intended troTdss@wiob®3rach
illustrated enbodi nent or every inplenentation of the present certain
exenpl ary enbodi nents of the present invention The Drawi ngs and the
Detail ed Description that follow nore particularly exenplify certain
preferred enbodi nents using the principles disclosed herei nBRI EF
DESCRI PTI ON OF DRAW NGS Exenpl ary enbodi nents of the present disclosure are
further described with reference to the appended figures, wherein FIGI| is
a side view of a polishing pad having floating polishing el enents bonded to
a support l|ayer according to one exenplary enbodi nent of the disclosure FIG
2 is a side view of a polishing pad having floating polishing el enents
bonded to a support layer and including a guide plate according to anot her
exenpl ary enbodi nent of the drEebosrrreIdNdB IRAWINGSA per spective view of a
tenplate with poli shigRgpe! SRS Rhd RR@REcIdse & (PR feFifdd Midef ul i n

fabricating a poléégkgamgagm%qgg£q&gglto one exenplary enbodi nent of the
disclosure FIG3Bis ato

a h i shi el enent s
arranged in a patterﬁK}§é¥WF“V”fV§%€F%§¥$ﬂ‘ %:? ‘W?E&W s ggaccordlng to
one exenpl ary > enbByTIPEHEY GO fitgdo A SEPE eitbadinpepe the djsdosuse. perspectl ve view of a
porous polishing el effgntishavringt arcpbrepudavypelqash pdigingdrmfesderdgdccor di ng to
anot her exenpl ar yi edafpadiyaRitincodingt Rie flitScdo@Sitb Sothel &enplaty smtadisdnde vi ew of an
exenpl ary bondi ngrappatatus useful in a nmethod for bonding a multiplicity

3%53! 'mssg't “g . e't ﬁgeglt Ecﬁt %Aslij Yy perspgcféj " ofa}émplm wu&%s‘ﬁl'n “egemen% arrange(%( ?erp ”ng‘reyus eful in

arrangi ng a ndl tiBFreieEi By P‘%‘Winﬁﬁd @f"éif?%?‘ig@ e’ie‘ﬂ‘flaG/ e& "ﬂlé\"fnf ‘éfr n before
bondi ng t he pol i sPidigeset enents to a support |ayer, and the resulting
support |ayer havi ng Fe i dtippiew i teyiplafwith phidiagklepotsivshdetiga @iteement s ar r anged
in the pattern, ac&dmhebigind Dolaking@AAdchiQMthe RXGEPLdBbImepRAI MENt of the
disclosure.
15 FIG. 4 is a perspective view of a porous polishing element having a porous
polishing surface according to another exemplary embodiment of the disclosure.
FIG. 5 is a side view of an exemplary bonding apparatus useful in a method for
bonding a multiplicity of polishing elements to a support layer according to an exemplary
embodiment of the disclosure.
20 FIG. 6 is an image showing a template useful in arranging a multiplicity of
polishing elements into a pattern before bonding the polishing elements to a support layer,
and the resulting support layer having a multiplicity of bonded polishing elements
arranged in the pattern, according to an additional exemplary embodiment of the
disclosure.
25 FIG. 7 is an image of the resulting support layer having a multiplicity of bonded
polishing elements arranged in the pattern, according to the embodiment of FIG. 6.
FIG. 8 is an image of a polishing pad according to yet another exemplary
embodiment of the disclosure, the polishing pad comprising the multiplicity of floating
polishing elements bonded to the support layer according to the embodiment of FIG. 7, the

30 support layer being affixed to a compliant underlayer.
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di sclosure FIG 7 is an image of the resulting support |ayer having a
multiplicity of bonded polishing elenents arranged in the pattern,

accor di ngvoaotomeoenbodi nent of FIG 6 FIG 8 is an i mage eCtaspabiostisng pad
according to yet another exenplary enbodi nent of the disclosure, the
pol i shing pad conprising the multiplicity of floating polishing el enents
bonded to the support |ayer according to the enbodinent of FIG 7, the
support |ayer being affixed to a conpliant underlayerlLi ke reference
nunerals in the drawings indicate |like elenents The draw ngs herein are not
drawn to scale, and in the drawi ngs the conponents of the polishing pads
are sized to enphasize selected features DETAILED DESCRIPTION In a typica
CWP slurry process for wafer polishing, a wafer possessing a characteristic
topography is put in contact with a polishing pad and a polishing solution
contai ning an abrasive and a polishing chem stry If the polishing pad is
conpliant, the phenomgaeiremod nuekgim tiRgradifgin@d0 Bic @Fmefi Thea@i@etgs due to the soft
pad polishing thenckid A @aso e bdd e mbadRkes B cobfdRnSAMBpolisBl SRS the raised

areas |f the polighing Radilt SieddBlfes. di shing and erosion nmay be greatly
reduced, however, although rigid polishing pads may advant ageously yield

good within dise planarization upifQripdcrbi®X My al so di sadvant ageously
yield poor within maﬁeq uqk&%qnityé %ue to.a rebpund ef fect which occurs on
the wafer perineter. “FPSY FEbOURMEC ST Pt PRl YEiPR> 388t edge yield and a
narrow CMP pol i shiPHepicoeeessmy {iPH BGmas ritgdelFhe &1 ndp polittag oBe  di fficult to
devel op a st abl e qudiing b abresivpmbereishinashemhytoya If thi pplidiingrad i whilieny thvad, because such
pads are sensi ti v@enbndiof dfsese@fiterondingrocdiopoghaphiaeslishiaid lanessconpl et el y
dependent upoR USE tQfar@atREAmERNM int Jai QA GLas e GEIOAL Fad ARZIOMIIFBRE POl i shing

texture which hol ego§iontng§beggi iy%&liceg;glov%g)elr, H&gu%gggcg\shing%agsrﬂﬁﬁces with the wafer

The present disclgosure Is directed to | royed polishing pads with a

mul tiplicity of Vﬁgggﬁﬁﬁ”ﬁl??EWFHQWgf@ﬁ%@%@“ﬁ%%&%ﬂ“? *a support |ayer,

whi ch i n various duHEeHERY R i aeLEiE b e ebap Rt AR ous

characteristics ofcubotthe vaiorppimetgn thisgghelnd digi rebulp @lpdosdigengld padsirownhi | e

elimnating o reduGhiRgneSRER wifowt heddabSiatly adttrageotsds habact eri stics of the

respective pads By fAgseEddingiskh&isRbab SQhRuEEETR WhfivAS difidehOat | Ng”

p0| i shin 9 el ement \§afer topographies, and are completely dependent upon use of a pad conditioner to create
an optimal polishing texture which holds the polishing solution and interfaces with the
wafer.

20 The present disclosure is directed to improved polishing pads with a multiplicity of
floating polishing elements bonded to a support layer, which in various embodiments
combine some of the advantageous characteristics of both compliant and rigid polishing
pads, while eliminating or reducing some of the disadvantageous characteristics of the
respective pads. By describing the polishing elements as “floating” polishing elements

25 bonded to a support layer, Applicant means that each of the polishing elements is bonded
to a support layer 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
generally normal to a polishing surface of the polishing elements.

Various exemplary embodiments of the disclosure will now be described with

30 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
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bonded to a support |ayer, Applicant nmeans that each of the polishing

el enments is bonded to a support layer so as to restrict |ateral novenent of
t he pol i swongloaoesrents with respect to one or nore of treTatsSh@w/opoB2 shing
el ements, but remaining noveable in an axis generally normal to a polishing
surface of the polishing elenents Various exenplary enbodi nents of the

di scl osure will now be described with particular reference to the Draw ngs
Exenpl ary enbodi mnents of the present disclosure may take on various

nodi fications and alterations without departing fromthe spirit and scope
of the disclosure Accordingly, it is to be understood that the enbodi nents
of thepresent invention are not to be limted to the foll ow ng descri bed
exenpl ary enbodi nents, but are to be controlled by the limtations set
forth in the clains and any equivalents thereof Referring to FIG 1, an
exenpl ary enbodi nent of a polishing pad 2 is shown, conprising a plurality
of polishing el eneddnSnvéhiich'are n@@6d1imddd iRl Ppalgidgdibea gredBvabttisend- 4' bei ng
bonded to a SUPPOYutarchddy Ehirolldd bySiR 1iRSatidn@sel &S tnlitle Ofimd :8d B RlivaiBiRVEMENt  Of the
polishing elenents 4-4" with respect to one or nore of the other polishing
el ements 4-4', but renmining noveable in xi s . normal to a polishing
surface 14 of each YRRl ‘Wg} élaneﬁeéﬁlfryﬁnbﬂdlme?t fapﬂléhmﬁé’ﬁ‘itzfsélﬁv%r enmbodi ment
illustrated by FI ‘@“lllsmgtaﬁléral@ﬁ’lfPOESHIP%féfm@FSéﬁeﬁfhé’fthF-Pﬁ’ShméF‘@negth”o‘\/m affixed to a
first major side twihstohlel tsasppatidyer |Gy erto rds@ist lafepimogsremydthepclidyiys di r ect t her mal
bondi ng to the suppeilsi-41ay ipecli@one @lnod Y tHd SthenGlishine Relieshy@: | N t he parti cul ar

exenpl ary embodi mnméllnclvkﬁglgﬁl%taﬁdnomnﬁd) sl;l-ngséﬂ&@m%é-achlpm%elgﬂgml s affixed to a

conpliant |ayer 1 0siti.o rality of polishing
el ement s 4-4' Fu rétpﬁh p[ %e pamcu{;r embo(almen?ﬂhﬁ gﬁp?%e po? h1ng e?empn sg shown at an

i nterface betWeer' %NBH’B’feiitéiﬁ?r“f“%{Vélpe "T%e S‘éi”ﬁ?ﬁ‘ PR %’U’ﬁ')ar%lf tby ‘]‘”&%/téﬁrmaio Opt i onal
adhesi ve | ayer 120opHgicBesuppselgyer g ogby ping anaffissivgecond maj or si de of the support
| ayer 10 to the conplttepitichiayenpldGnidihet ilomeak bFIG. amreplacond pressure

sensi tive adhesi vgrixkday@bmphds layaf§ dox@ekd b shidWBpoGOMPdiradR bf phim@r 16 opposite the
pl ural i ty of p0| I&eﬂlﬁ:nﬁg 4e%ﬁm&an%ptlélal’adh@;@ymﬁlel2R%Qﬂartanrteg’ﬁpor aril y (e g,

bl th t t sh
rF|e(n_“;D\]/_§i Ofy) as %%/Pr ebe eeg oglohantﬁiber {ggnd%e supp<ort ¥a¥er 1% @p?lonala hesls_z?l@prll?m%R E)B?I Of]afjwn in

pol i shi ng conposi ‘F?dff’ﬁfﬁiﬂfhgste‘i"’i‘dﬁ‘ﬁ‘t"i Sﬁﬁ"f freagpeeprt 18"“ hRirermpas a4l 'So serve as a gui de
pl ate for the pol4ddihingly aedoegd pressredensiive adhegvedeok i & igrereld thopomphpn in FIG 1
Duri ng a layer 16 opposite the plurality of polishing elements 4-4’, may be used to temporarily

(e.g., removably) secure the polishing pad 2 to a polishing platen (not shown in FIG. 1) of

20 a CMP polishing apparatus (not shown in FIG. 1).

An optional polishing composition distribution layer 8, which may also serve as a
guide plate for the polishing elements 4-4°, is additionally shown in FIG. 1. During a
polishing process, the optional polishing composition distribution layer 8 aids distribution
of the working liquid and/or polishing slurry to the individual polishing elements 4-4°.

25 When used as a guide plate, the polishing composition distribution layer 8 (guide plate)
may be positioned on the first major side of the support layer 10 to facilitate arrangement
of the plurality of polishing elements 4-4°, such that a first major surface of the polishing
composition distribution layer 8 (guide plate) is distal from the support layer 10, and a
second major surface of the polishing composition distribution layer 8 (guide plate) is

30 opposite the first major surface of the polishing composition distribution layer 8 (guide

plate).
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pol i shing process, the optional polishing conposition distribution |ayer 8
aids distribution of the working liquid and/or polishing slurry to the

i ndi vi duavopoiombizng el ements 4-4'" Wien used as a gui dePplratsegotobim32
pol i shing conposition distribution |ayer 8 (guide plate) may be positioned
on the first major side of the support layer 10 to facilitate arrangenent
of the plurality of polishing elenents 4-4', such that a first major
surface of the polishing conposition distribution layer 8 (guide plate) is
distal fromthe support |layer 10, and a second najor surface of the
pol i shing conposition distribution |ayer 8 (guide plate) is opposite the
first major surface of the polishing conposition distribution |ayer 8

(gui de plate) The polishing elenments 4-4'" extend fromthe first major
surface of the polishing conposition distribution |ayer 8 (guide plate)
along a first direction substantially normal to the first nmajor side of the
support layer 10 |f padpbisiiigRigneai049 &Fhd fro@ihe GhtSibibrisidfed: bfaa pdliayper 8 1s al so used
as a guide plat e, cobd@din REBERE 1R sYauid@pidR) dbh@d firs Yreddbn s@RBEAIMBS S are provi ded

extendi n g thr O ug hthetﬁt]s?maﬁ%in(f-e Me Ql _09 B{EPl‘BSff }l;olis(ﬂigg cgtinp%gitroil QMIb!ltBﬂa}JCI%YSe r 8 ( g ui d e
pl ate) A portion ;f each poli1shin extends 1pto a correspondi ng

sp used i ate, the: rge%ll errlgrilt olf1 5 are Pr cpctf .
aperture 6 Thus, YRESE LSy OFTEGRE PP B BUHEY E8FUE t o gui de the
arrangenent of poFEYhs hgrekhorBttesoposyer dsHb iR BH deriderayet o9 | n one
exenpl ary enbodi nérmth ppllskingsiemegttt@dendyyntofs k@Bespondiggtapetneets fThug thpdwrdlivoh of t he
pol i shi ng el ement Herdresd magsr@: (POIIOLLST{agEnEnSN pdNGingdl@biBRbsthebyppand some pol i shi ng
el ements 4-4' areg,gupstantially nonporous polishing elenments 4' It will be
under st ood, however thatnj@yq&gﬁgmjﬁggghgﬁglenbodinent§wnot shown in FIG

enent s 4- A e

!’ In one’ex Jatl

. € aSt a portion of
1, all of the polishin el n . sefecfed to be por ous
pol 1 Shi ng el effent 4 BT BpreHBIBFERF e SPEFRUIPE R iay be sel ect ed
to be substanti al #yUoHBRFORBIS pAig Himegs ‘el leffentrgerspod payepretipar t i cul ar
enbodi ment i | | ustat@testhplloyenfbdd@eis notshven ip BIGOILIS! ofylppisiiisHenest €@t s 4 are shown
al ong wi th one sulsdeadatid vahpdoys PPRRRAERMS4, QA f8:Bpiginedarmnly hy beFur t her nor e,
the porous polishingsgbamentisy tnRl& palaMREs 4 NCl udi ng both a porous
pol i'shi ng surface 14nﬂﬁﬁmP%ﬂ%%m%§mgh§B&&£F#de%%Q?J%EEA%ﬂ'% throughout the
entire polishing el enent’ f_ Wever , Tt W _be tnder st 65d T hat any nunber
of polishing el enBfft¥ a2as gy BE tSedPoaner hetmahy WiBEr of polishing
el ements 4-4' maythdperows edigapg dahertsd alp ghoyyar ipAlrdingpoh ¢ wivbsmgfistarisenferptis 4 or
substanti al | y nonpofosus dipaiutedshtistingall@h@ngiintis: edire polishing element 4. However,
it will be understood that any number of polishing elements 4-4’ may be used, and that any
20 number of polishing elements 4-4’ may be selected to be porous polishing elements 4 or
substantially nonporous polishing elements 4°.
In addition, in some exemplary embodiments not illustrated by FIG. 1, the
multiplicity of polishing elements 4-4> may be arranged in a pattern, for example, on a
major surface of the support layer 10, or in a template or jig used to arrange the polishing
25 elements before bonding to the support layer. For example, FIGs. 3A-3B illustrate one
exemplary arrangement of a plurality of polishing elements 4-4” arranged in a generally
circular two-dimensional array pattern 32 in a template 30. After arranging the plurality of
polishing elements 4-4’ in the pattern 32 in template 30, a first major side of the support
layer 10 may be contacted with and bonded to the plurality of polishing elements 4-4°, for
30 example, by direct thermal bonding to the support layer 10, or by using an adhesive, or

other bonding material.



In addition, in sone exenplary enbodi nents not illustrated by FIG 1, the
multiplicity of polishing elenents 4-4" may be arranged in a pattern, for
exanpl e, wo a1wmpan surface of the support |ayer 10, or PCH/Us2¢00/pioat e or
jig used to arrange the polishing elenments before bonding to the support

| ayer For exanple, FIGs 3A-3B illustrate one exenplary arrangenent of a
plurality of polishing elenments 4-4" arranged in a generally circul ar

t wo- di nensional array pattern 32 in a tenplate 30 After arranging the
plurality of polishing elements 4-4" in the pattern 32 in tenplate 30, a
first major side of the support layer 10 nmay be contacted with and bonded
to the plurality of polishing elenents 4-4', for exanple, by direct thermal
bondi ng to the support layer 10, or by using an adhesive, or other bonding
material Furthernore, it will be understood that the polishing pad 2 need
not conprise only substantially identical polishing elenents 4 Thus, for
exanpl e, any conbi naFirdamdd; it &in beandgeme nbt thefoli{bivg PdSed 0t tabriseiglyel ement s and
non- por ous pol i shiRghil RERALSsHRYREKE THR, tdr BemdRl #f @hdidadon @f por ous pol i shing
elements 4. It w JrangeQrJe& S}pg}&ls [!I&psﬁgg e%&%ggndglgigrougwshﬂ ngﬁs’ma}ptgagpl hation or

arrangenent of por qus %’ﬁ Lshin tantially nonporous

pol i shing el ement'® 4P "Bréusﬁ‘gglﬂlggc?\?’% 4 é&ﬁ?gf'i}‘hlfsf‘i"’dﬂ??afal n embodi ments to
form a polishi’ng %a@fﬁ@@@ﬁ@°V¥@§?ﬁﬁﬁpﬁﬁﬂp§ﬁﬁﬁ5m%Féﬁ%ﬁ?%mﬂw4' bonded to a
support | ayer 10.rotpprows exirgingekehertts 40mra be uest elngplaeuyly ie rrisdrcinprgintrs 4 | | ust rat ed by
FIG 1, at |east famspdifhagmd nfingdlofied ppldEngpehdishi B@deeloemmpptilagd; 10l N this case at
| east pol|sh|ng SUff%&&m%ﬁmeQﬂﬁ@h§%§mﬁwH1M&ﬁea%¥mpfmngﬂﬁ§ﬁ&n0t shown in

'l[:lhg éor gats ;3'0: qualrf ﬁ‘go%gs polphmr% elemeﬁc)4 in tl;lls ase h?eashpo?(s%rr;g)sur%ﬁ:¥4 x;ompr(ljsggI gFE: 2| i ?30 (I;f of

pores 15 dlstplbd@%gwgﬁﬁ?ﬂﬁﬁVM%Pf§}%%?%ﬁﬁﬁ%ﬂfKTﬂé“@ﬁFF%@Mbolishing el enent
4 | n ot her exenpl@PYimeiHBAicTHemeras FRGIPE demefAri isilpp SPPVs Javingp pfurafity | yst r at ed by

FI G 4), the por esofarelsdisghured dostagialy uvabbuatint ehtad polishigteleront sAnBatheronl y t he

pol i shi ng sur f acexdifla® Emsbdi@2nf@st Horsn iPI0d. 11 SRiNG 1 @IbeIB NS, e fhres dOWRVEr, it is to
be under st ood thﬂhmﬂ%hh@@hﬁﬂmﬂﬁﬂénﬁyM@MmﬂgAﬁ%ﬂﬂdﬁgﬁgﬂ d@&garrangenﬁnts of
pol i shing el er{ent ents4 l%[ow \Br 1 1stlobeuﬁ?erstoodqqg&qmtggaQ}th%gl%If?mE thiroughout the
enen

entire pollshlng [ ores di stributed
substantially at %w%ﬁ@%wﬁ@ﬁﬁ$“%ﬁ@“é PRSP EAEEY F4UBF the pol i shi ng

el ement 4, and poiirsisiishigg clinairertissingplepints h widpbrstdatntviedivbsyntifly atpor es, are
contenplated Wi t hieqa ofhie pSictop @rf@é 14toftie: ppiies endentdagipblGisdg kleyentand nay al so be
advant ageousl y f al ktﬁs?atltﬁﬁ!/ no pores, are contemplated within the scope of the present disclosure,

20 and may also be advantageously fabricated.

Referring to FIG. 2, another exemplary embodiment of a polishing pad 2’ is
shown, the polishing pad 2’ comprising a support layer 10 having a first major side and a
second major side opposite the first major side; a plurality of polishing elements 4-4°
bonded to the first major side of the support layer 10; and an optional guide plate 28
25 having a first major surface and a second major surface opposite the first major surface,
the guide plate 28 positioned to arrange the plurality of polishing elements 4-4° on the
first major side of support layer 10 with the first major surface of optional guide plate 28
distal from the support layer 10. In the particular embodiment illustrated by FIG. 1, the
polishing elements 4-4’ are shown affixed to a first major side of the support layer 10, for
30 example, by direct thermal bonding to the support layer 10, or by using an adhesive.
In the particular exemplary embodiment illustrated by FIG. 2, support layer 10 is

affixed to a compliant layer 16 positioned on the second major side of the support layer 10

9.



Referring to FIG 2, another exenplary enbodi nent of a polishing pad 2' is
shown, the polishing pad 2' conprising a support |ayer 10 having a first
maj or si dwoant/@meecond naj or side opposite the first MRCEMUS0ED510a2
plurality of polishing elements 4-4" bonded to the first major side of the
support layer 10, and an optional guide plate 28 having a first maj or
surface and a second maj or surface opposite the first maj or surface, the
gui de plate 28 positioned to arrange the plurality of polishing el enents
4-4" on the first major side of support layer 10 with the first major
surface of optional guide plate 28 distal fromthe support layer 10 In the
particul ar enbodi nent illustrated by FIG 1, the polishing elenents 4-4'
are shown affixed to a first major side of the support |ayer 10, for
exanple, by direct thermal bonding to the support |ayer 10, or by using an
adhesive In the particul ar exenplary enbodinent illustrated by FIG 2,
support layer 10 dpgsi@fhé procaia ot poiisiangGlenepd 4-anfixell @yefirst bfor p@stttd oned on t he
second maj or si dewRbr ilyRQo FUPRAELE arl RYEAI 2abQRRROBiidsRwh A ipdbte al 1ty of

p0| i shin g el ement ‘t%twA'en A‘E)mplaltt fa%'e%(%qndt[hg suE) Qlaie} 1056pn£E§11aé?1Esw§1h;gle12 QIy bg he su ppor t
| ayer 10 Furthernore, an o

h g ? he5|%e yﬁ F shown at an
interface between ESHBI §ﬁ°nnﬁﬁéwe LRGN 8??“ 48 10 Opti onal
adhesi ve | ayer 12“Hﬁvd%énW?@ﬂmﬁﬂm§?WW%“Fﬁ@“§%Bb JiPormrittle of the support
| ayer 10 to the ceonrpberagite the gydity ofi8lisigkeienine frél| thay be ugto@peoaradmal pressure
sensitive adhesi veg)@pebly)idyre iBfpblishi@ fad Qo 4 daehig@REd (hobdhdwnindy®er)ol6 opposite the

plurality of poIugﬂ@@gﬂg&%ggﬁggm@m%“nna&y be used to tenporarily (e g ,

renovabl y) secure th )| 1 shi.ng. mam;m%gl% th%ﬁo (not shown in
FIG 2) of a CNP,gplﬁgﬁQ B ép& & l " plw %ﬁ%PIZf'n optional guide

us
plate 28 is af’so ShEHIH" f’lﬁgzoe"i?ﬁ ?‘Ve”éﬁ%%ﬂ“r’“r‘%’élﬁ’tem%afef‘iff‘ 2%The opti onal
gui de plate 28, viffireplitrgiyeliging demstsyhieonghs fingpaigsidephtverat lverdfpiingit e f or arrangi ng
the plurality of pehiystiingngletpmue pdishihs page?’ dcdoding o thedresgmaj or si de of support
| ayer 10, i S not @enet ahdeyhinleRBpiry @EodimdntsOhddelonad Qidpiadees vpaldshi ng pads 2
gc'??:)g:alng LIO the Jﬁ&ﬁée@%mtﬂelp§1§1lu%§édra§nhls{9ate9@Iphf'glﬂu{gpé%&@m& @rs}{chﬁgbogi |m:R|trs1 tgg

p g g b em%o%1men sr1ma§rf_le}clivanta u%y be _FaSle%f&?eT e)genmﬁa tO%%BC&{% p g p

as illustrate y po
advant ageousl y bém@§§?ﬂwgﬁﬁﬂmﬁ€§§ 8%E%ﬂ%WW%MV%dF§%%|cate than other known
pol i shi ng pads conpr iAgprtigpalgoliships tampdsifiquidisigbuieh laypot’ i Wik merg alelseaesnt s An opt i onal
pol i shi ng conposi guidofmtedkir ¢ folishibk cleDénts H-Ayiesddi@nally Wbvin@iFIGTRDUAe 80 Serve as a
gui de plate for thenpQlddshhddior BIRRSmpdstidn disuibdiord@istalddiabiliy, Shown in FI G 2
Durin g a 20 of the working liquid and/or polishing slurry to the individual polishing elements 4-4°.
‘When used as a guide plate, the polishing composition distribution layer 8 may be
positioned on the first major side of the support layer 10 to facilitate arrangement of the
plurality of polishing elements 4-4’, such that a first major surface of the polishing
composition distribution layer 8’ is distal from the support layer 10, and a second major
25 surface of the polishing composition distribution layer 8 is opposite the first major surface
of the polishing composition distribution layer 8°. A plurality of apertures 6 may also be
provided extending through at least the optional guide plate 28 (if present) and/or the
optional polishing composition distribution layer 8’ (if present), as shown in FIG. 2
As illustrated by FIG. 2, each polishing element 4-4” extends from the first major
30 surface of the optional guide plate 28 along a first direction substantially normal to the
first major side of support layer 10. In some embodiments shown in FIG. 2, each

polishing element 4-4’ has a mounting flange, and each polishing element 4-4’ is bonded
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pol i shing process, the optional polishing conposition distribution |ayer 8
aids distribution of the working liquid and/or polishing slurry to the

i ndi vi duavopoiombizng el ements 4-4'" Wien used as a gui dePplratsegotobim32
pol i shing conposition distribution |ayer 8 may be positioned on the first
maj or side of the support layer 10 to facilitate arrangenent of the
plurality of polishing elenments 4-4', such that a first major surface of

t he polishing conmposition distribution |ayer 8 is distal fromthe support
| ayer 10, and a second major surface of the polishing conposition
distribution layer 8 is opposite the first major surface of the polishing
conposition distribution ayer 8 A plurality of apertures 6 nay al so be
provi ded extendi ng through at |east the optional guide plate 28 (if
present) and/or the optional polishing conposition distribution [ayer 8
(if present), as shown in FIG 2 As illustrated by FIG 2, each polishing

el enent 4-4' ext endstirf hgimnidehBhefsipsdiaydrBjbOénggankd: stee cdspdndie iOPL | onal gui de
plate 28 along a f infHd md: E@CEheQRpon RS toadd dp@dndily, 18 QERBhajof Brrbdde first maj or

si de of support Imo@aﬁpomngaam@md&rmm B Blfind, €ach pol I shing

el ement 4-4' has g? 9 Ip J % g el enent 4-4' is
bondedt o t he flrsT“ﬁ% %P“ éﬁém% fﬁ% ?db YEE 4B By dHgagement of the
correspondlng5fldﬁ&@mﬁ%“@ﬁ%WPWW§FmﬁﬁV@P“§Fﬁémﬁﬁaﬁh@‘@ﬁﬁﬁbrt | ayer 10, and
optionally, the secomebondgdtothe smeflaead of ogprlyvedabrapefirghitag conpositi on

di stribution | ayedpp& layonis e ti@enkilpyishing thinbddigonaistptdlidn &Itk $1g process, the

pol i shing el enents 41Auch@£bgdl$e5@@ueras@aﬂomg%p@aag&mnlgMenum@reggds%spl acement in a

direction subst anatclor%lsplo ing aoer ng‘!i ar;[d(e) ﬁp%hshmg e{ement 4n4ﬂaellso pass séhrough(%lf Support | ayer 10
while still remaining bonded to t 10, and optional 'y

addi tional I'y gffl?@ﬁ’WBgWﬁgmgﬁﬂ83W¥m??@&?”T@”B%mTﬁ%mﬁﬁfi%nal pol i shi ng
conposi tion di st rictnd gsiarijies efhusghe plupglingql grerugshinh epriore gids platgd® ajd@nst a porti on
of each pol i shi ngeréhaepriishing dmpblitiopktrdmdsiajerst, oayalscoraespohdiongdeapert ure 6, and
each polishing el &Rl ardmdhnent 8lpSdhifdaseass4 Qg majnee gabfofBRONdI Ng aperture
6 and extends out I\WII;lgtlle}{wcfszQmoﬁarggldi;}la[eggan%b;ggnal Hll';};nggo%ptgltlont he Optl onal gUl de

plate 28 ThUS t hcgsfngutlﬂn laﬁzer 8 Il}él be useg{) [enr}lplllacf or %ulge t%arrtangptge pﬁlraﬁéof‘gw de plate 28

and/ or optlonal may al so serve
as a tenplate to Hj‘uﬂ“&géle'f“f’i@“ fat ‘é*‘rféat maigy §idg AP ARSI bofd“fﬁélhf wliPE el enent s 4- 4'
on the first mmj orrigligeronss support |ayer 10 In other words, optional guide
pl ate 28 and/ or optimn&bmmmhkﬁhmm@nm@ﬂpﬂsrmﬂDme@@ﬁﬁgmmmm¢mmwlayer 8" my be
used as a tenpl at @m@ie JMhSR (loQh@h)pRAGRA & RO bdlelnliy s@for RRE oshi ng el ement s
4-4' on the fj.O rst anm pgrshi@ic%osﬁ)lgn dﬁHﬂlﬁ&nagler k’ayh% I(;ptig'ng ggé’éli)fatggk n‘ta;'tﬁus p0| i shi ng pad
be used to affix the optional polishing composition distribution layer 8’ to the support
layer 10, thereby securely affixing the plurality of polishing elements 4-4° to the first
major side of support layer 10. However, other bonding methods may be used, including
direct bonding of the polishing elements 4-4 to the support layer 10 using, for example,
25 heat and pressure.
In a related exemplary embodiment illustrated in FIG. 2, the plurality of apertures
may be arranged as an array of apertures, wherein at least a portion of the apertures 6
comprise a main bore formed by optional polishing composition distribution layer 8’, and
an undercut region formed by optional guide plate 28, and the undercut region forms a
30 shoulder that engages with the corresponding polishing element flange, thereby securely
affixing polishing elements 4-4’ to support layer 10 without requiring direct bonding of

the polishing elements 4-4’ to support layer 10. In addition, in some exemplary
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fabrication process. In the particular enbodinment illustrated by FIG 2, the
optional guide plate 28 may conpri se an adhesive (not shown) positioned at
t he i nt erwaceldnebareen t he support |[ayer 10 and the poli fhirng2aompmstti on
distribution layer 8 The optional guide plate 28 may thus be used to affix
t he optional polishing conposition distribution |layer 8 to the support

| ayer 10, thereby securely affixing the plurality of polishing elenents
4-4" to the first major side of support |ayer 10 However, other bondi ng

met hods may be used, including direct bonding of the polishing el enents
4-4" to the support layer 10 using, for exanple, heat and pressure In a

rel ated exenplary enbodinent illustrated in FIG 2, the plurality of
apertures may be arranged as an array of apertures, wherein at |east a
portion of the apertures 6 conprise a nmain bore forned by optional
pol i shing conposition distribution [ayer 8, and an undercut region forned
by optional gui denpdiadees n2@lustasiay Fihe, tend@sliciytof plegiseamd®i4mmaere Shoul der t hat
engages W th the &£ekdespARH NG|k Shb-Higen8ng RN cfdlA@Reeabher eby securely

af fixi ng p0| i shi nlga o?slur?aqeeolglglcssup%oné‘fayer 16) or%ll“!lpe%glgtg or! ?IXC%IEO al:l’ane\Me Exh&?l}dﬁ r eqUi ri ng
direct bonding of the polis el enents 4- to support layer 10 In

addition, in sone‘gigﬁ%V“P 8%8%8WW@HP§ not |IIustrated by FIG 2, the

mul tiplicity of poI|éﬂ@ﬁ@fﬁP%ﬁﬁﬁFgmﬂmdmmﬁﬁvyH@Zdﬁﬁﬁﬁgﬁﬁeﬁh a pattern, for
exanpl e, as a tworodismaishii drraht 4.8rtrigeyse ofeasglolementce &t camgetblvohty a maj or surface
of the support | aygieshl sho@lin iG. 2auitiREFRbAL G .0 njoihg cldS@a chvdiatisange t he

pol i shing el en’enteﬁchbﬁlﬁe?&&s Q%gé eﬁgenEletﬂQ%ho%yQQan'ﬁ%apluﬁytﬁgfpore!sﬁ]S further
exenpl ar y enbOdI r@s&%éed sulb taﬂ aﬁy tha gwutgyen{lzre Ighs%hg e?efnen ﬁﬁ?n other exemé’fr f ace Of a por ous

pol i shing el eme ace 14 conprises a

D urali ty of Hor P VHEE AR AR EPEisne bl o) (ISP R AP I G 4y I

ot her exenpl ary eHtyeu# e ntrer ongyahs pelighng %‘ﬁ*’éelﬂefrﬂtﬁwoumﬁllsﬁl {Rgsel ements 4 is

al so shown as havilawgperait ipt brruadeistbog thabolighing e 21tbvidicatbimitibbwtred substantial |y

t hr oughout the endhb@nefOk foSshihdi@mals @ pbresdisthitleOhhi@tiial @ R0HRERY enbodi ment s
( not shown in Fl Cgmg'e pog‘ﬁhg ele%in%&oﬂs@lhg%@mgx4Elkh@orég)drsmlxuggsuﬁgrrtlgﬁ adf € di stribut ed

substantial ly at or anl y shi fac K¢ he porous
pol i shi ng el efren teaﬂmFﬁﬁeql?yﬁmeOPg?ds%éqgmdua(ﬁqxﬁge%‘T“}ol|sh|ng pads 2'

havi ng. conbi nat | HE “BTSPiaFFeABHTEEr HEP PSR "BFBAERTE™S with por s
di stributed substatnd diolbgadtahipsgutptivated he entire pol i shing el ement 4,
pol i shing el ements 4 wih tchrepormoe ® Fili. 6 b porddpblithe slepstsantng alodoyy at  or
polishing surface 14 comprising a plurality of pores 15 may be used in a polishing pad
20 according to another exemplary embodiment of the disclosure. The porous polishing
element 4 of F1G. 4 is also shown with a flange 25, which may be used to facilitate
bonding to a support layer (not shown in FIG. 4), for example, as illustrated in FIG. 2.
The porous polishing element shown in FIG. 4 comprises a plurality of pores 15
positioned substantially at the polishing surface 14. However, it will be understood that in
25 other embodiments, for example, the embodiments shown in FIGs. 1-2, the plurality of
pores 15 may be distributed both throughout the entire porous polishing element 4 and at
the polishing surface 14. It will be further understood that in other embodiments, the
plurality of pores 15 may be distributed throughout the porous polishing element 4, but not
at the polishing surface 14.
30 FIG. 4 illustrates one particular shape of a porous polishing element 4. It will be
understood that the same shape may be used to produce a substantially nonporous

polishing element 4°. Tt will be further understood that the polishing elements 4-4’ may be
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near only the polishing surface 14 of the polishing el enent 4, and
polishing elenents 4 with substantially no pores, are contenplated within

t he scopewofotidmedqnesent di scl osure, and nay al so be adeamusg@owsiog2
fabricated. Wth reference nowto FIG 4, a porous polishing el enent 4
havi ng a porous polishing surface 14 conprising a plurality of pores 15 may
be used in a polishing pad accordi ng to anot her exenplary enbodi nent of the
di scl osure The porous polishing element 4 of FIG 4 is also showmn with a
flange 25, which nmay be used to facilitate bonding to a support |ayer (not

shown in FIG 4), for exanple, as illustrated in FIG 2. The porous
polishing elenment shown in FIG 4 conprises a plurality of pores 15
positioned substantially at the polishing surface 14 However, it will be

understood that in other enbodi nents, for exanple, the enbodi nents shown in
FIG 1-2, the plurality of pores 15 may be distributed both throughout the
entire porous polbskiinguel et ad tangualty & keshpoddnsdiisathasigtfoace 14. It will
be further under stQhetdddlpes nly RhdIBlagBUPREH FBP oLy drbdGed Plapfiuath i ty of pores 15
may be distri but egfolte Dgngr%g(lé?%&oﬂqaPeFFanO\QIH§FIQQi dsed H)Ifglga&)lisﬁi@prﬂ (no%’ but not at

Wi

the polishing surface ustrates one particular shape of a porous
pol i shing el ement™ 2" W1 | be understood that the same shape may be used
to produce a Subst antlarISFTABNPFEMEUSS Poriseiclipret-EFdHe 4 . It will be
further under st oodardctraztd by fhieigip 6D irg ik (V8| aeifieritesby 144 Irpddtiop@f or med i n
virtual ly any shag@sssecadd st atihe@olighing bladeitd 44°, @fen pobdh 5 fulidhigs @henent s 4- 4" havi ng
two or nore diffefgRtisBARRSTRMREAINARLAZEAUS] Yarybsilliansheopt | Onal Iy
arranged in a pat{ern befo Yic%ﬁo?.gﬂt b Grd Ponfles lg'legetr)aﬁré[ g @Y SlislfOt shown in FIG
4) used to forma Oilsﬁlﬁg ad (not shown n Bl & B Ph8me exenpl ary
enbodi nents, Yhe eb"g‘ﬁt RN eé{gagﬁ‘ér WS TAL Fon Yy BESERET APEEFi zed by a hei ght
(H and a width (Awpible zdmiyPs dgspbledn in rypogones.Fon erpmgle] el Hipticshe
cross-sectional stiaper gfare trengolel andthipeagialeloeveiviasshapesdiay be tseflden t hr ough a
pol i shing el ement 4- rd'gentrilly &likltidaR6itshiQBleR}@NEH @l VircPa Eak de@bn ot O t he pol i shing
surface 14, may valyiWMddehy 4eRandicag: LR ul REnbdia0064. ARRLI cation Al though
FIG 4 shows agenerally,exlinditeal, pall shing, el eent, 4, having a general Iy
circul ar cross settion, other cross-sectiona shapés are possi ble and may
be desirable in cRPCAMHTEHDIMIEABREY He ahayt 41 8! mogsipefaibat oaste| | i pti cal ,
triangul ar, squarabout oec tiecrrgi keabodiments che tresapeaizal ddadter diteostishgect | onal shapes may
be usef ul element 4 in a direction generally parallel to the polishing surface 14 is at most about
20 mm, more preferably at most about 15 mm, still more preferably at most about 12 mm.
20 In some embodiments, the diameter of the polishing element, taken at the polishing
surface 14 and corresponding to width (W) as shown in FIG. 4, may be from about 50 um
to about 20 mm, in certain embodiments the diameter is from about 1 mm to about 15 mm,
and in other embodiments the cross-sectional diameter is from about 5 mm to about
12 mm.
25 For non-cylindrical polishing elements having a non-circular cross section, a
characteristic dimension may be used to characterize the polishing element size in terms of
a height, width, and/or length. In certain exemplary embodiments, the characteristic
dimension may be selected to be at least about 50 um, more preferably at least about
1 mm, still more preferably at least about 5 mm. In certain embodiments, the
30 cross-sectional diameter of the polishing element 4 in a direction generally parallel to the
polishing surface 14 is at most about 20 mm, more preferably at most about 15 mm, still

more preferably at most about 12 mm.
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For generally cylindrical polishing elements 4 having a circul ar cross
section as shown in FIG 4, the cross-sectional dianeter of the polishing

el enent 4woreom/mp42ecti on generally parallel to the poli forng2eensaée 14 is,
in sone enbodi nents, at |east about 50 micronmeters (my), nore preferably at
| east about 1nm still nore preferably at |east about 5 mMmIn certain
enbodi nents, the cross-sectional dianmeter of the polishing elenent 4 in a
direction generally parallel to the polishing surface 14 is at nost about
20 mm nore preferably at nost about 15 nm still nore preferably at nost
about 12 mm I n sone enbodi nents, the dianmeter of the polishing el enent,
taken at the polishing surface 14 and corresponding to wwdth (W as shown
in FIG 4, my be fromabout 50 mmto about 20 mm in certain enbodi nents
the dianmeter is fromabout 1mmto about 15 nm and in other enbodi nents the
cross-sectional dianeter is fromabout 5 nmto about 12 nmm For
non-cyl i ndri cal pol i stritegxedbl@na@hddineltand croe-sétidid iteadf il bidlidlhg Cr 0SS section, a
characteristic didgsii0nilBxh D6k 5ol e fNAhAGEES s 28y de AeaPOl | Shi ng el ement

size in ternms of a@ouhl%'lng I?II dther%&thmentsgtmegé 'gt))gut JO%g EJ?! 1nI snl Oﬁlg' &t@)hlﬂeng Xerrpl ar y
enmbodi nents, the characterls I C nsion ]¥t e sel ected {o be at | east

about 50 mm nDre B?@V@Péﬁpﬁ £FMF5%§ BB oSSETPY “H8Y e preferably at
| east about 5°nm P PeiEtte A5t A sttty i todhegdiging wieftcr Grist  di anet er of

t he polishing eIéwvmbﬁwmﬁh%am@ime@i@@ﬂwg@wemawwyS%HWéwwehmto t he polishing
surface 14 is at ddShbabheut: md@abampsonmt e preferably at nost about 15 mm
still nore preferabl »fhe%t,hsm%&meab@utmﬁ@s mﬂn@bpamla%ed%mﬁy}als@w enbodi nent s,

tggﬁe?raﬁls; ;gfta: Fn elsupgort%}%era mE )ngfdesvallf grgfp% ereg‘d::ependlng on t@e 1r%en€| ragft :alggut 1m‘r2

in other enboalne%?%m%h”T%%@?m%ﬁﬁﬁggfﬁmHWQMIgﬁﬁdPH%§?TTTm%ther enbodi nent s
at | east about orresgigongyppantiady ‘bﬁteﬁéﬂrsu@%éﬁ‘t‘?ls@lﬁv leparragieTe e Pe Sgiong ¢e
Cross-sectional ateerafayeasclpehdpsihiingeehte Mmexhe edbddimens, tebippligdtzi on general |y
parallel to the pontshiveg «stdghaG® coldage IBYsufdb 18k ofBDISE: 3@Q@WL: 1, 000 nm, in
ot her enbodi nent S40§stor MaitISO"/@qpﬂrttheéQQ)legHs’the%gun Qen§1§t§ hIa\Je arpa.upagg enbodi rrent s at

nost about 25 rface coveg%eagl he suf)po? H.yer o?r{?nostc a%{;u( E#% at most(a obt 7@ orlf may be

distributed on a "1- 2) in a wde
variety of patterﬁ%“méé%@ﬁﬁPﬁ@dﬂﬁmﬁﬁé“Fﬁﬁ&ﬁﬂ@ﬁ“%ﬁbﬁ?ﬁ%??%ﬁﬂmand t he
patterns nmay be rregtdpolivns demensghrlicmys-sitvenl v Plicahpohgingdcarmp prd S nay
cross-sectional area of the polishing pad.
The cross-sectional area of the polishing pad in a direction generally parallel to a
20 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
100,000 cm?, and in yet other embodiments, from about 2,000 em? 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)
25 extends along the first direction substantially normal to the first major side of the support
layer (10 in FIGs. 1-2). In certain exemplary embodiments, the polishing elements extend
along the first direction at least about 0 mm, 0.25 mm, at least about 0.3 mm, or at least
about 0.5 mm above a plane including the optional polishing composition distribution
layer (8 in FIG. 1, 8’ in FIG. 2) and/or optional guide plate (28 in FIG. 2).
30 In other exemplary embodiments, the polishing surfaces of the polishing elements
may be made flush with the exposed major surface of the optional polishing composition

distribution layer. In other exemplary embodiments, the polishing surfaces of the
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reside on substantially the entire surface of the support |ayer, or there
may be regions of the support |ayer that include no polishing elenents In
sonme enboaprer®@942bhe pol i shing el ements have an aver ageCImst@omsmeyer age
of the support layer of at |east 30% at |east 40% or at |east 50% In
further enbodi ments, the polishing el enents have an average surface
coverage of the support |ayer of at nobst about 80% at nost about 70% or
at nost about 60% of the total area of the nmjor surface of the support

| ayer, as determ ned by the nunber of polishing elenents, the
cross-sectional area of each polishing elenment, and the cross-sectional
area of the polishing pad The cross-sectional area of the polishing pad in
a direction generally parallel to a najor surface of the polishing pad may,
in sone exenplary enbodi ments, range from about 100 cn2 to about 300, 000
cn2, in other enbodi nents from about 1,000 cn?2 to about 100,000 cn2, and in
yet ot her enbodi nemtiss, elehd® Aydboddé recdssdd OdwataBpds@ naibGiutace bilhe@BiGhaic? Prior to
the first use of LiBnREhbsEBE MGibEaylrdind sibsdlekdy hade Bush Jifd, oFhd@ @) 1N a polishing

operation, in SOk, GXaHRl ALY GIROMLIRN RuGAGH RALLANLAD e ement (4-4 in
FIGs 1-2) extends alon Irst direction %istant |1y normal to the

first major side &FMPH1“§3868?%6®5 QWH%T@m? BELOMNY [ certain exenpl ary
embodi nents, fhe PBIHEATIHHUET Bfe ftserbymeidraatestig ey ¥4 e direction at

| east about O nm po@hifonmngtiondistibwiorddyeretipour sel@te@o prapradgior @dded/demgt about 0 5 nm
above a plane I NCthdpeliskig plodd@ oOdpfiofdn &hditodgipShish o Mo slidinggad di st ri buti on
layer (8 in FIG :I-befm% duranorF}teﬁogtlctvﬂiﬂgélegple&ptl onal guide plate (28 in FIG 2).

l n Ot her exenpl ary e €r eXxemplary, €m 1M EIrs, eac 0l1SnINg'e %Illélnr S alon; he p0| I Shl ng
el ements may bhe nad %?q% AW &ry E@ 23 %pl§ e tzgur %geggf t he optiona

pol i shi ng conB05|?fﬁﬁmﬂﬁgﬁﬁﬁBﬁP?%ﬂnF& B?W(H“Bfkgkm%wgﬁ%Tﬁﬁy enbodi nent s,

t he polishing sur®aegdangfcludipeslseirpog Biep@P ivflentht & addispa yemmagde r ecessed bel ow
t he exposed maj oremSadinkgCtbe heifht ¢f fhepobping sorved (14pOilGssiky) svgye dotrROSI ti on

di stribution | ayeggomarst psiddg aethienthat iy, toRGR ) biug Bolivvink eme@ ks sivREle t 0 ext end
beyond, the EXposlﬁﬂGrHBrha%eo%kl&xfl%@%molf nlnhﬁs &PEbQQ%'s mROJdnﬁh&&QnCOWDOS' tion

distribution Layer for nding o g it onQ L the optional
p0| i shi ng COI’TpOSI{I OI'(]) e Ci(rr)_er%éf theﬁé{llsh co h%hseden%gednae a?{glec%dfo be

advant ageousl y usgﬂdﬁfﬁﬁmﬁﬂflshlng conp05|t|on di stribution Iayers that are
sel ected to be abrad&detneenbdid 1duleidnt atdyacipgof thegititrry Cprige eds or in
optional conditi ofbuigupk oes$eishingppbdsied distobutda @yep@ InlFBhI, Bigh Rg@aeh bef or e,
during, or after &oa b6k gWetpllate B ndde Ke@iiscﬂgﬁcessary for a specific CMP process. In
20 some embodiments, the polishing elements (4-4” in FIGs. 1-2) are each maintained
substantially in planar orientation with respect to one other and the polishing composition
distribution layer (8 in FIG. 1, 28 in FIG. 2) and guide plate 31, and project above the
surface of the optional polishing composition distribution layer (8 in FIG. 1, 8’ in FIG. 2)
and/or optional guide plate 28.
25 In some exemplary embodiments, the void volume created by the extension of the
polishing elements 4-4° above any optional guide plate (28 in FIG. 2) and any optional
polishing composition distribution layer (8 in FIG. 1, 8* in FIG. 2) may provide room for
distribution of a polishing composition on the surface of the optional polishing
composition distribution layer (8 in FIG. 1, 8 in FIG. 2). The polishing elements 4-4’
30 protrude above the polishing composition distribution layer (8 in F1G. 1, 8 in FIG. 2) by
an amount that depends at least in part on the material characteristics of the polishing

elements and the desired flow of polishing composition (working liquid and or abrasive
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In further exenplary enbodi nents, each polishing el enent 4-4'" extends al ong
the first direction at |east about 0 25 mm at |east about 0 3 nm or at

| east abowO 2010%00mmabove a pl ane including the support IPayas2¢205ios2 Fl Gs
1-2) In additional exenplary enbodi nents, the height of the polishing
surface (14 in FIGs 1-2) above the base or bottom of the polishing el enment,
that is, the height (H of the polishing elenent as shown in FIG 4, nay be
025mMm O5mMM 10mm 15mMmm 20mMm 25mm 30m 50 m 10 nm or
nore, depending on the polishing conposition used and the material selected
for the polishing elenents Referring again to FIGs. 1-2, the depth and
spaci ng of the apertures (6 in FIG 1-2) throughout the optional polishing
conposition distribution layer (8 in FIG1, 8 in FIG 2) and/or optional
guide plate 28 may be varied as necessary for a specific CVWP process In
sonme enbodi nents, the polishing elements (4-4' in FIGs 1-2) are each

mai nt ai ned subst aditr)atet the sirface pi i@ P@EHinG EomedAiti A tlikstAHationiateh s MEBPEEtn t 0 one ot her
and the polishingrngeyposition distribution layer (8 in FIG1, 28 in FIG 2)

and gUI de pl ate 31, %nguspa!:teg-l)ﬁ%s 1azb9¥>ﬁe &%la&%bocﬁl’ﬁe@ts Qt leastt 111819)[”' onal p0| i shi ng
conposi tion dIStrL t1on 8 and/ or optional

i
gui de plate 28 In‘?gﬁgg V@z 1aF£WEWWgﬁWﬁ§ﬁW?“1 %%”V8WH volune created by
t he extensi on’of ?ﬁ@mﬁﬁﬁﬂﬁﬁ*ﬁﬁ”@?@ﬁ%ﬁ@%“@w%““%%%wbadﬁ?“ﬁ%?%&nal gui de plate
(28 in FIG 2) andliamyr rgpibiaepmgtt wpiod sibsthie frg soempBI§i 1t e brvoldies tirdtiout | on | ayer (8
in FIG 1, 8 in Rudkntdmypoils @ahshGee dma@iiaf f had ia didud foisking@=@fi4, @ pol i shi ng

conp05|t|on on thﬁn&H&h%&%19&m%h&ﬂgﬂ&h9ﬂ@amﬂghk§h&ﬂﬂmﬁQHH@S|tlOn
distribution layef, gg shing el ements 4-4'

pr otrude above t he Suchporous pohsl’img elements ma Ibtause%ﬁ as c%nphagté)ohshlmgel (8 in FlG 1 8"
in FIG2) by 4n afttl H?”Pﬁﬁ? H@ﬁngﬁ§mﬁTwF@E§fmpﬂmﬁﬁ??m@ﬁdSﬁgm%aterlm
characteristics ofropigishysFlimst] ap¢fisdised mpopeading Hd- Prowgiongl 84qnr/@elicfiprow of pol i shi ng
conposi tion (wor King/orspufiled Juaerrd 2098, tiged rPASISHRS PP WYIHPOR@IS t he surface of the
pol i shi ng conpositueandiasb MeDED @MAkayEAND(BNITHEEGE, 8" in FIG 2) As
illustrated by FI Gs 1‘[1581!16 erﬂul%Q%pl%ﬁl%Jn@trtsYongmgg&'a;g&)t'o§s’pol§'ﬁmgl east a portl on

of the polishj ts 4, which in
cer t a| n enbo e?emenl';r% mfly corrép{lse agurah%r oppores 19 ﬁlstl%uteti tﬁouﬁhog su%stantgf the ( 14 in FI (ES

1-2), which may dﬂ%@”@ﬁﬁﬂﬁﬁ@“ﬁ?m?ﬁ?&fP%ﬂ%@mb5%@3@?“3?T%”%F%ubstrate (not
shown in FIG 1) t formh@ anp)gqn e fpeg} Jlgsed ol [fparps may be preferred in some embodiments.

Preferably, the plurality of pores 15 in the foam exhibits a unimodal distribution of pore
size, for example, pore diameter. In certain exemplary embodiments, the plurality of pores

20 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 100 um, at most about 50 pum, at most
about 10 pum, or at most about 1 um. In certain presently preferred embodiments, the
plurality of pores exhibits a mean pore size from about 1 pm to about 50 pum.

25 Referring now to FIGs. 1-2 and 4, the polishing surface 14 of polishing elements
4-4’ may be a substantially flat surface, or may be textured. In certain presently preferred
embodiments, at least the polishing surface of each porous polishing element is made
porous, for example with microscopic surface openings or pores 15, which may take the
form of orifices, passageways, grooves, channels, and the like. Such pores 15 at the

30 polishing surface may act to facilitate distributing and maintaining a polishing

composition (e.g., a working liquid and/or abrasive polishing slurry not shown in the
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enbodi nents, the porous polishing el ements may not have a porous polishing
surface 14, but may have pores 15 distributed throughout substantially the
entire powvousiopobizshi ng el enent 4 Such porous poli shi ngprelrarseomasvay be
useful as conpliant polishing el enments exhibiting some of the advantageous
characteristics of a conpliant polishing pad Suitable porous polishing

el ements are disclosed in co-pending US Provisional Patent Application No
61/ 075970, filed June 26, 2008, titled "POLI SH NG PAD W TH POROUS ELEMENTS
AND METHOD OF MAKI NG AND USI NG THE SAME" In sone particul ar exenplary
enbodi nents, one or nore of the porous polishing elenents 4 may conprise a
plurality of pores 15 distributed throughout substantially the entire
polishing element 4 in the formof a porous foam The foam may be a cl osed
cell foam or an open cell foam C osed cell foans may be preferred in sone
enbodi nents Preferably, the plurality of pores 15 in the foamexhibits a
uni nodal di st ri budgiremnat 6f intfade BergbnZzeybsthtOhot @xanidl B¢ copafoinglhoaiet er I n certain
exenpl ary enbodi nBikissechdd® plurality of pores exhibits a nean pore size of

at |east about 1 nan?ﬁ@&aﬁ xer(lmemboaltnenlts%ﬁgrgted%pﬁét4 tﬂb%glslnlggurtﬁg 14I east about 500
nm or at |east about odipents, the plurality of

1
pores exhibits a‘ﬁ@@ﬁsgﬁ?gﬂgmﬁgmﬁﬁygFéwﬂ§?ag%anPTﬁé5?ﬁﬁ“%ﬂ; nmost about 50
mm at nost aBoutfordrepaifhingetasg 14 s PABBHT e it 4 it epbehP: P esent | y
preferred enbodi nmelbiss surfaggeonptiserperbsil § at of sepoiyegingixdhiabiatis egendnean pore si ze
from about 1 mMm t@mal auithinhQ4am Refie pdidusiglisnethdat 4Feporcdk nedd radel 4, t he

pol i shing surfacecylllémgfanmlarpémemmalmemesmesfméxaé}ple gmaal le@angﬂasubst antially flat

sur f ace or nay bel’al’gll rt.hgﬂ( l (5] (%arac{]rlsllc dll‘[gIESI%I%eOH%e pXr S can n geerer Fd enbOdI rrent S at
| east the pO|IShI % sur ace o Shing l8ment is made

0
porous, for eXanpP&EirtH A Lrogtapiet S%?WQ%% Hﬁ@%fﬁg@”ﬁ?m%ores 15, which
may t ake the f or negfimepsipns ingyeagee fippmabasngyeuinpaout ogPioennelseth. kdnabpaiel s, and the |i ke
Such pores 15 at 4 heo{pal io®RinMGyiGbidaed) MRyfroR edout l@unf @bbut 4. d@te di st ri buti ng
and mai ntaining a,pQi shing conp05|t|on (e g, a morklng l'iquid and/ or

abrasive polishing slurry nat shown ef | qu res) interface between
ther’ex: u; d)4h uf
a substrate (not shown ﬂe??”?meImmm@?fsneﬁ eﬁollﬁsrme?m%hlng el enments In

certain exenp?ary”@ﬁﬁ%ﬁpﬁﬁﬁ?gmeﬁﬂ%??%@@ﬁ“ﬁ?CﬁW@eﬁm*Fﬁ@S%B?Vshlng sur f ace
14 conprises por exstigBf hepglishingsialacg egerapingngeyiisting denjentpreleipin t | ari es. The pores
15 may extend fr odifedidi@enpoly paghkl 1aghe Slishih@Q@rcel Arefbrittyceadh H@nnpeliens hi Ng el ement 4 In
a rel ated enbodi n@B% the ttnti}@polishing surface of a corresponding polishing element in a direction
generally parallel to the polishing surface. In other exemplary embodiments (not
20 illustrated), the pores may take the form of a two-dimensional array of channels in which
each channel extends across only a portion of the polishing surface.
In further exemplary embodiments (not illustrated), the channels may have
virtually any shape, for example, cylindrical, triangular, rectangular, trapezoidal,
hemispherical, and combinations thereof. In some exemplary embodiments, the depth of
25 each channel in a direction substantially normal to the polishing surface of the polishing
clements is selected to be in the range of at least about 100 um to about 7500 um. In other
exemplary embodiments, the cross-sectional area of each channel in a direction
substantially parallel to the polishing surface of the polishing elements is selected to be in
the range from about 75 square micrometers (um?) to about 3 x 10° pm?.
30 In further exemplary embodiments, the support layer may be substantially
incompressible, such as a rigid film or other hard substrate, but is preferably compressible

to provide a positive pressure directed toward the polishing surface. In some exemplary
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pol i shing surface conprises pores 15 that are generally cylindrical
capillaries extending fromthe polishing surface 14 into the porous

pol i shi ngwel2erenb42d. The pores need not be cylindrical, pamaSetl@s10pDr €
geonetries are possible, for exanple, conical, rectangular, pyramdal, and
the |li ke The characteristic dinensions of the pores can, in general, be
specified as a depth, along with a width (or dianmeter), and a |l ength The
characteristic pore dinmensions may range from about 25 mmto about 6,500 mm
in depth, fromabout 5 mmto about 1000 nmin width (or dianmeter), and from
about 10 mmto about 2,000 nmin length In other exenplary enbodi nents (not
illustrated), the polishing surface conprises pores in the formof a
plurality of channels, wherein each channel extends across at |east a
portion of the polishing surface of a correspondi ng polishing el enent,
preferably in a direction generally parallel to the polishing surface
Preferably, each @bamaed haxbends mnachnss afidile @Atimplant patikishihmg surface of a
correspondi ng pol dosilhnngbb8loGPRRE 1h dhexehbikrPGlbiang@NGH k% iparal I el to the

p0| i shi ng sur face refelragly 8&db(§ [d., co%%‘%gmé %@Menﬁﬁrﬂgg If(ﬁtﬁé&&)éym(e&%tnedais {)engt rat ed) the
pores may take th or m of lonal array th]()Lgaangeel S in which

each channel extéﬁﬂgeagf%? W8WPVMSd %f%ﬂﬁﬁmﬁ?m?ﬁ T AY surface In
further exenpPar y™&XissH: %‘i‘ﬁ’f‘@e“(f?%f“a}i be psgfs fnra%f‘tt‘é‘ti')exemPlﬁée“t'?W&ﬁﬁ%l s may have
virtual |y any shajpeolisfigelereegtangy beformaiplith thahpipeddyer atapiigngest dr , rect angul ar,
trapezoi dal, hem sphgycdeaals afi-amdiheospti al ihensay bhesatsbl i ca@im exenpl ary
enbodi nents, the gﬁgggﬂof each channel in a direction substantially nornal

:gntgge()?o'a![ S|h|622t Sglr)o tsupi(ﬁtéayerlsprefgr%lly li uI;l 1 ;g el l%qcﬁ)pege%tpenetﬁ§0%|og§terergl ta:_)ybe I nt he

enbodi nents, Phe EPELE L@l oAl lméif’ré}é"”%ﬁtheé%%"ﬁ‘a%ehélr‘i?ieé‘fr "1™ a direction
substanti al | y par%bddigtents B sprRest 193¢ pyspiiprY i ipfraceide negferigsiponaseif | shi ng el enent s

i s selected to beconlinatoheithragepg®al barrerhagdootd brevéi ordntjibidligd mpegatioret ers (nMmR) to
about 3 X 106 nMMZermbdfonfilidfniie kup@k QLR | Fathytm @R G BBiSnts, b pRusSUpPpOrt | ayer may
be substantiall y Juﬂ}&}g% %Ls@cl a@vanta%u)gsnr f@l%xa@lplg logaltaq terLnﬁEthﬁd (9& Qer har d

substrat e, bults I Spﬁlos[mfjg Fn:ry?}gI 1h¥1ntergm1e_tween tl1ebplohshm(§ﬁ_ed and a W?Tr%llece%urﬁ)los Itive pressure

directed toward t ace 1 aryeﬁbodlnents t he
support |ayer may*°CBifprise a flexible and conpliant material, such as a
conpli ant rubber or pokpmereniay cgbddaentsgheayrpritiory ne iyt mehngic t he support
| ayer is preferabhigriimpded 0ém dic@o npresHirblyencpodigranbec neimmber i al , f oaned
pol ymeri c mat er i aoSurddRieNiyester, polyethylene, and combinations thereof. The support layer may
20 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 support layer 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
25 example, an ESTANE TPU (available from Lubrizol Advanced Materials, Inc., Cleveland,
OH), a TEXIN or DESMOPAN TPU (available from Bayer Material Science, Pittsburgh,
PA), a PELLETHANE TPU (available from Dow Chemical Company, Midland, MI), and
the like.
The polishing elements may comprise a wide variety of materials, with polymeric
30 materials being preferred. Suitable polymeric materials include, for example,
polyurethanes, polyacrylates, polyvinyl alcohol polyesters, polycarbonates, and acetals

available under the trade designation DELRIN (available from E.I. DuPont de Nemours,
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preferred In certain enbodi nents, closed cell foans may be preferred,

al t hough i n ot her enbodi nents, and open cell foam may be used In additional
exenpl ar ywerzbodiopeznt s, t he polishing el ements may be foroedsesoviostode
support layer as a unitary sheet of polishing elenents affixed to the
support |ayer, which nmay be a conpressible or conpliant support |ayer The
support layer is preferably liquid inperneable, to prevent penetration or
perneation of a working liquid into or through the support |ayer However,
in sone enbodi nents, the support |ayer may conprise liquid perneable
materials, alone or in conbination with an optional barrier that acts to
prevent or inhibit liquid penetration or perneation through the support

| ayer Furthernore, in other enbodi nents, a porous support |ayer nmay be used
advant ageously, for exanple, to retain a working liquid (e g, a polishing
slurry) at the interface between the polishing pad and a workpi ece during
pol i shing | n cer tiad, WigXenIIEa mysoedsaalhrebdyentt, i @asSifponhdpollsi@yser may conpri se
a polynmeric nat erdibnsSalp@el 8endib@iPoSirdita ARGyacNAL plyahyl didHDGT ,

styr ene- but adi ene_rubher, neoprene, polyurethane pol yester, polyethylene,
and conbi nati ons thergof Thq supgort | ayer | y t her conprlse a wde
variety of additi onal "TPREEEFEIES " fogEsef o 8?§ ”ﬁﬁ?ﬁfculates fibers,
reinforcing adentSmPosipeRigifdncgingdormgmyiepey MHaFSs FETS PHEESf ound to be
particul arly usefmulymgieppotates fitgy.embimaitre herepl gnd thpfike. Hn ¢etrremppinast | C

pol yur et hanes ( TRUJshind2Rihdgmpat hddedtkddaly\indr @frany educlin bsamengr esent | y
preferred e”bOdlWﬁ&h%Mmmn§m$MQQ%&&méé&%%mbém&h£m%H&CQ&RFlSlng one or nore

TPU, for exanpl e, E va | abl m ubrlzol anced
Materials, Inc , &%‘Oralme% elegml e TEXI'™N ‘or %@ I]I"I PU (avai | abl e from

Bayer Material’ ScP8HdsMe Bt WﬁﬁMme%ﬁ@WJ (ﬁﬁﬁﬂﬁﬁmfPU (avail abl e from
Dow Cheni cal CbnpﬁﬁvmmwﬁﬂﬁﬁﬁdmyWW?dW%Wﬁ”@%@“ﬁ?%@”Wﬁéw%@W|shlng el ements may
conprise a W de vard@teyilafrefamadedabival S, Wit h pol yneric materials being
preferred Suitabl e polsyhRidn@ari@db&imiead ﬁeﬂolﬂﬁlhglémﬂhdcrﬁbﬁlpr@éﬁamblﬂm pol yur et hanes,

pol yacryl ates, poly\iQy R}@hl Nl RRLYES ﬁhﬁeeQ& Yﬁ@&ﬂ naLgs, and acetals
avai |l abl e unqgr ty L %Q ;d??bn %ﬁ P §0n1E | . DuPont

S5 LRe, e
e a 1xe ?o the su ayef by any means of bondin su aces but preferabl

de Nemours, I né |, VVF P ?y 1 “Sone’ exe enfbodi ients, at | east
some of the p ol i Seﬁ]ileﬂﬁ layer posmoned at af interface between the comp 1ant layer and the support layer

is used to affix the support layer to the compliant layer opposite the polishing elements.
In certain embodiments, the compliant layer is preferably compressible to provide
a positive pressure directing the polishing surfaces of the polishing elements toward a
20 workpiece during polishing.. In some exemplary embodiments, the support layer may
comprise a flexible and compliant material, such as a compliant rubber or polymer. In
other exemplary embodiments, the support layer is preferably made of a compressible
polymeric material, foamed polymeric materials being preferred. In certain embodiments,
closed cell foams may be preferred, although in other embodiments, and open cell foam
25 may be used.

In some particular embodiments, the compliant layer may comprise a polymeric
material selected from silicone, natural rubber, styrene-butadiene rubber, neoprene,
polyurethane, polyethylene, and combinations thereof. The compliant layer may further
comprise a wide variety of additional materials, such as fillers, particulates, fibers,

30 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.
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el ements conprise a thernoplastic pol yurethane, a polyacrylate, polyvinyl
al cohol, or conbinations thereof The polishing elenents nmay al so conprise a
r ei nf or cestopoioymes200or ot her conposite material, includi rgr/Usesosezanpl €,
metal particulates, ceramc particulates, polyneric particulates, fibers,
conbi nations thereof, and the like In certain enbodi nents, polishing

el ements may be nade electrically and/or thermally conductive by including
therein fillers such as, carbon, graphite, netals or conbinations thereof

I n ot her enbodi nents, electrically conductive polyners such as, for
exanpl e, polyanilines (PANI) sold under the trade designati on ORVECOM
(avai l able from O nmecon Chem e, Amersbek, Germany) nay be used, with or

wi thout the electrically or thermally conductive fillers referenced above
In sone exenpl ary enbodi nents, the polishing pad further conprises a
conpliant |ayer affixed to the support |ayer opposite the polishing

el ements The conpl i amtefetay@imeirmyterbiefonkdin ot livhrere sdippnds, | ayer by any
means of bondi Ng SuRFBEES pardiidiy REGLE KadidpolyRmaRdRO&] fur%xah@a(er positioned at

an interface bet V\@o?élvaﬁlli&%u&gmé’ rddé‘dé&gan@r%%ﬁoﬁPoqu%Qﬁc&y%%Hs crigyer is used to
affix the support ayer e pol i shi ng

as vaila nHLFe tlcwtn% esl L HO OSIOWC IC
el ements In certal‘h* eI Sd HEHES e e e BB T aht &f er abl y
conpressi bl e fo dﬁ@vﬁé@Pﬁ“ﬂ&@?@#@@“ﬁ@é@%ﬁpéoﬁ?F%% Pﬁﬁmf 490l i shi ng
surfaces of the pobilghicrrgrialaeBiT. sicit g faranpi bigia KqyFned BETAifely Ng pol i shing I n
some exenpl ary enbaehicnRtis radt REgnSiaPOrAR, b ayl@dbotrayubEoMRs tege a fl exi bl e and

conpl i ant mat er i alpper SHedisvaftidle RonCiQBIAd @ftss §pbHRDE b odRRIN MBkia A OT her

exenpl ary enbodi mgn trﬁerthetraﬁ’edem aF)(%rB N]g]aE&g is preferably nade of a
conpressi bl e polynerlc oaned ﬁénerlc nmaterials being preferred

In certain en@odlnenf%”m%¥ﬁ@@8m@@PFm%%% §eBEerEPEfT ed, al though in

ot her enbodinent§Pdﬁﬁﬂm%ﬁ@ﬁ“@@ﬁ@mﬁéaﬁﬁﬁﬁvh%@mﬁ§@ﬁ“ﬁﬁe@@%% particul ar

enbodi nent s, the ioomed vwitintvafdr sojiding urdymic oMiprd pelghedwifrodufemiicresvat er i al sel ect ed
fromsilicone, nah tigaide yitibaatewasd Hd iBpSedtMreaRRraldd DBek amaNEOPr ENE,

pol yur et hane, pol c)érﬁisttlw %’ﬂﬁ‘mnmf@vﬂﬂng@&m&% An%l%mﬁahtﬁero@(?ffeseﬂ%ﬁm 9”13' iant |ayer
may further cQnpri such as

fillers, partlcul | i ke The
conpliant |ayer Cgmqgfmélfyér u&%quvg hf sq]ggprblaypr,fyg yrfg%g the polishing elements to

“float” in a direction substantially normal to the polishing surface of the elements when

aff resu?fr?m c%coqung o}thee pyllfshlng sé?faces OE t!legglis 1ng € emecfs fl{Oﬁl the!

contacting the polishing pad to a workpiece during a polishing process.
In some embodiments, decoupling of the polishing surfaces of the polishing

20 elements from the compliant underlayer may be augmented by incorporating into the
polishing article an optional guide plate including a plurality of apertures extending
through the guide plate from a first major surface to a second major surface, wherein at
least a portion of each polishing element extends into a corresponding aperture, and
wherein each polishing element extends outwardly from the second major surface of the

25 guide plate. The optional guide plate, which preferably comprises a stiff or non-compliant
material, may be used to maintain the spatial orientation of polishing surface, as well as to
maintain lateral movement of the elements on the polishing pad. In other embodiments,
however, the optional guide plate is not required, because the spatial orientation of the
polishing elements is maintained and lateral movement is prevented by bonding the

30 elements to the support layer, preferably by thermally bonding the polishing elements
directly to the support layer.
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(al though permeable materials may be used in conbination with an optional
barrier to prevent or inhibit liquid penetration into the conpliant

| ayer Pr efwonren/qeizgneric materials for use in the conpl ipamtusk@y®s10az e

pol yur et hanes, with TPUs being particularly preferred Suitable

pol yur et hanes include, for exanple, those avail abl e under the trade

desi gnation PORON from Rogers Corp , Rogers, CT, as well as those avail abl e
under the trade designati on PELLETHANE from Dow Chenical, Mdland, M,
particul arly PELLETHANE 2102- 65D Ot her suitable materials include

pol yet hyl ene terepthal ates (PET), such as, for exanple biaxially oriented
PET wi dely avail abl e under the trade designati on MYLAR, as well as bonded
rubber sheets (e g , rubber sheets avail able from Rubberite Cypress Sponge
Rubber Products, Inc , Santa Ana, CA, under the trade designati on BONDTEX)
In sone exenpl ary enbodi nents, polishing pads according to the present

di scl osure may have aefobtahaneudchicgRinagese e valiste 6f mattria@d sldM® pr ocess, for
exanpl e, i npr ovedsolhddopbiyWas, fymB@lerdds fiyRe cétipbshi lofBortitfhations et 4 €r  pol i shed
wafer surface an 6l oanG: b G, dhfullblikbl gMbbepaler, and Improved

CVP process operatln t1tud ns t wishing to be
bound by any part?%ﬁ gFgFﬂégwoWagﬁ®§§W“ﬁW§HF§y§§mﬁ&rY?§£u|t from decoupl i ng

of the polishing surF%ft‘,‘”é‘%‘elﬁl"d“tl%’éPﬂé*“ﬁ%aFﬁOﬁ‘@eP@Feétﬁ*éﬁlﬁ%eraY%’ﬁFrt he conpli ant
| ayer under| yi ng dheissuppos bolithay emposifidn éirmdrien kel cowiing g lbstreropalel shi ng el enent s
to "float" in a difeedd @ oSidpioanict, alweyas MOfIBkjor bulfact fT@e @PadnkisShi Nng sur face of

the el ements V\hengufam’%e%%éséﬁél ﬁlé't%tlol'»)a%ohs‘ﬁlhg dalgpoﬂtﬁﬁidlstnﬁut@n 1Wnlspt!eece during a
pol i shing process_ln pol i shing surfaces

€ ofa w1de va n%‘ég){nﬁnc matsﬁals d’ﬁle (H)y(g?lal p(atgun? composﬂ.BOH be augne nt ed by

of the pollshlng el enent s

|ncorporat|ngl|nt%mpﬁ3“38WﬁéﬁFﬁﬁ“ﬁ???gpgmﬁﬁe%ﬁ@fﬁﬁﬁ?p@“?ﬁﬁyblate i ncl udi ng

a plurality of ap&fyrefigsorabereyigis mejude pobyerephes- PHYEcriAlrs ddyvist dltoelsf rom a fir st

maj or surface to @lysecdrchesad onvisivnfigee, hwhenteilmendbddinegtat a porti on of each

pol i shi ng el ementpoXibLBEhSsitlodThyer nlly ok SRBh Mg ARt b@mpland wher ei n each

pO'hSh'Pgte|$”Entm@&hﬁﬂ@§m%Mkw%&%hMmi&QQ&%@%&%%%mﬁhl h Qfe sur face OfttP$

gui de plate The o rises a sti or
Q eB l SOtf z%out ('% per(bs b}p elé d%? provide aqub{ICD aus surf F'f%u % fsg ;g)

non- conpl i ant  nat'er orientation of
pol i shi ng surfacém“ﬁgmmell as to maintain |ateral novenent of the el enents
on the polishing pad additytatramplamiredbadimeain ths optidnd petishing compopieon opt | onal gui de
plate i s not regqudisriegdion lHeCases abdelistpatdatfor c@iple A b pom@fr fdde
to provide a positive pressure directed toward to substrate during polishing operations
20 when the polishing composition distribution layer is compressed. In certain exemplary
embodiments, the compliance of the polishing composition distribution layer is selected to
be less than the compliance of the optional compliant layer. Porous or foamed materials
with open or closed cells may be preferred compliant materials for use in an optional
polishing composition distribution layer in certain embodiments. In some particular
25 embodiments, the optional polishing composition distribution layer has between about 10
and about 90 percent porosity.
In certain exemplary embodiments, the polishing surfaces of the polishing
clements may be made flush with or recessed below the exposed major surface of the
optional polishing composition distribution layer. Such embodiments may be
30 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

workpiece. In such embodiments, the polishing composition distribution may be
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polishing elenments is maintained and | ateral novenment is prevented by
bondi ng the elenents to the support |ayer, preferably by thermally bonding
t he pol i swongioalogsrent s directly to the support | ayer The poptusesiaioswaz de

pl ate can be made of a wide variety of materials, such as pol yners,

copol yners, polyner blends, polyner conposites, or conbinations thereof A
rigid, non-conpliant, non-conducting and liquid inperneable polyneric
material is generally preferred, and pol ycarbonates have been found to be
particularly useful In further enbodi nents, polishing pads of the present

di scl osure may further conprise an optional polishing conmposition
distribution |ayer covering at |east a portion of a first nmajor side of the
support layer, as well as the first nmajor surface of the optional guide
plate (if present) The optional polishing conposition distribution |ayer
may be made of a wide variety of polynmeric materials The optional polishing
conposi tion di st rddautikddy sti@y@s cofiftife a natriaSRARbRRI @Ebd¥ehtig the cONPri se at | east
one hydrophilic p@ilsm@roceﬁroaﬁ 8Fidn@ Conbiyba AR BHssk a1 A 1) PRI bRl ddde

pol yur et hanes, polyacrylatas. dun%'Mewnlm@vlt&%%ae pol yoxyrmet hyl enes, and
conbi nations thereof In one art{)cu ar e i shing

conposi tion |ayer may" ‘CBRFFTEE ¢ ‘ﬁ?ﬁ?o@@gEWﬁﬁg??ﬁWdm?ﬁgﬁ%é for exanple a
hydr ophi l'i c DAl yuPe tha HbsegilygEiopicty b eolishnpcompoiig asppsis pfacelt er , pr ef er abl y
in a range of abotsuSrat gndadyoeolistife. pesh oemtoviymoweiifgirpolisting. The Ovi de a

| ubri ci ous sur f aclisaibycbuipgsitipOdistislibiger@phhdlOiRgdd lw addhitdean@al exenpl ary

enbodi ments, the Q@EM&ﬁQ@mQ@M&§£&BQﬂﬁ@ﬁﬂ@%&&h@ﬂmﬁh§%kgﬁ&hk@ﬂz|ayer

conprises a conpl i ant nat. siok QL exanmple. .a porous . pol or foam to
provi de a pOS|t|vée°re% mg“%ﬁommlumngIQE d 10 s m5m¥?%tgwdurlng pol i shi ng

oper ati ons whén ﬂﬁ@OHHF°@WWW§“¥%H$%§?TVﬁﬁdﬁf?F?VBﬂfW8ﬁd?byer i s conpressed
I n certain exenpl Baeyalsarbise deitraishing peapesigerpPy Apce e e gle shi ng

conposi tion di st riolpitdsofacel ayer is selected to be | ess than the conpliance
of the optional conpl safdexeh@yEdmbiAOeRISe 8ot GRERAshiBdREds@las W t h open or

closed cells ”Hylﬂﬁm£$§£ﬁ££ﬁ m&ggﬂi&ﬁﬁﬁmmﬁh@&ﬁﬁ$§mL9£MH&QH&H an optional
pol i shing conposition dist nts In sone

particul ar erﬁ)odl anarraflgsmen“sﬁmm@mre& it SO'T fhmenﬁfas fscnbe& ?onﬁgl stribution
| ayer has bet ween theoppe)the popshis mﬁﬁﬁﬂ%“@ﬁ“ﬁﬁﬁ&@ﬁfmﬁ%?d@?%?”ﬂn certain
exenpl ary enbodi nemntitance. ¢dipesurpys. ind g Irkg Isygtafigherambodifrent, frepofipbibg rahi ng
may include a window extending through the pad in the direction normal to the polishing
surface, or may use transparent layers and/or transparent polishing elements, to allow for
20 optical end-pointing of a polishing process, as described in the co-pending U.S.
Provisional Patent Application No. 61/053,429, filed May 15, 2008, titled “POLISHING
PAD WITH ENDPOINT WINDOW AND SYSTEMS AND METHOD OF USING THE
SAME.”
The term “transparent layer” as used above is intended to include a layer that
25 comprises a transparent region, which may be made of a material that is the same or
different from the remainder of the layer. In some exemplary embodiments, the element,
layer or region may be transparent, or may be made transparent by applying heat and/or
pressure to the material, or a transparent material may be cast in place in an aperture
suitably positioned in a layer to create a transparent region. In an alternative embodiment,
30 the entire support layer may be made of a material that is or may be made transparent to

energy in the range of wavelength(s) of interest utilized by an endpoint detection
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el ements may be nmade flush with or recessed bel ow the exposed maj or surface
of the optional polishing conposition distribution |ayer Such enbodi nents
may be adwarnvagesusl y enpl oyed to maintain a working |i qairdiS2densmsanpl e a
polishing slurry, at the interface between the exposed polishing surfaces
of the polishing elenents and a workpiece In such enbodi ments, the
pol i shing conposition distribution my beadvantageously selected to
conprise 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 wwth a workpiece In
further exenplary enbodi nents, the polishing conposition distribution |ayer
may act to substantially uniformy distribute a polishing conposition
across the surface of the substrate undergoi ng polishing, which may provide
nore uni form polishing The polishing conmposition distribution |ayer may
optional 'y incl udgpafauOWefe@s irdipant maetieme ntspsuchnasiabaf kdi@s, grooves (not
shown in the fi gukRSY for RAIE FanspiBlpolyiehahes ke, to regulate the flow rate of

the po l'i shin g conpos IFLAthQoredH l[lge(nagovp %L !erﬁlh{raﬂgarénp 1s§n|[é£(;e(n§ 150111%3(21@ nmp I ar y
enmbodi nents, the £0I| hi n n?85|t glstrl ution h?%er can i ncl ude

various |ayers of 8t PsF& f“' Cidi F%m?lnééﬁf%wgwﬂ%% %ol i shi ng

conposi tion fPow ‘feteashat! inpat Yiing yaepiras It nirpaes golerEesiengesur f ace I n sone
exenpl ary enbodi nehddgnentsotkendpeint fagrtien apfaratudyees pre brirofa boprge k8l ement s may i ncl ude an
open core regi on dwofi@vdid yerg@fchin@daimiid thitsim bieapol ligg RisBigliggl enent, al t hough

such an arrangemam:area1$ghtr19&o“ra@gualmades canbma;gthagmgmhm@tﬁcmﬁs described in

WO 2006/ 055720 t hg dcortsetheQerm 1-‘transpalﬁ()er(l% I%l&%nlglchntgt least a%g?dﬂ&)( Qleaspa%ouyde sensors to
det ect pressure, ‘conduc S, and the like In

yet anot her éWbod?ﬁéH?“”PﬁgybﬁkwgﬁFﬁﬂ%ﬁﬂﬁ“ﬁﬂ?ﬂwﬁﬁrﬁﬁﬁmﬁoﬁfthM/extendlng

t hrough the pad i'pisteleE S8t ¢ é&est PP RO HgY 2tagratelygth piatqrestietigpingtir f ace, or may
use transparent |ayeliregangnreht damet tagene paipentanspotditekthmgh el emrents, to all ow for
optical end-poi nti ng mbmeaxePPhd SBbIAGnPIOCHEQayerTrarbl@SE ITh R@fh I N t he co- pendi ng

U S Provisional PQ&:'%E)& erAgcprLeintg Qttlajasp(ﬁlﬁmmlﬁ gél‘l?ﬁs télé% a’rentf in a&lﬁtomy 15 2008

EI_:_;I[El giNEP,,O' ! %Hl NG mp. aliy embotl_| nbeEts Qﬁtgt Tne ;i?}{gnpg e ementluragpareﬁt ann!vé: aél’e\lsll:?re 'I[\/E;’I]_ged(:j) '[G(; USI NG

include a Iayer Uﬁgﬁm%@ﬁﬁW?E%%m%?%?%%%%%Péﬁ*“?@@P@ﬁ@”ﬁﬁ?@ﬁmnay be made of a
materi al that i s #iyetlaygrtee gpige plate, the polishing composition distribution layer, at least one

polishing element, or a combination thereof is transparent.
The present disclosure is further directed to a method of using a polishing pad as
20 described above in a polishing process, the method including contacting a surface of a
substrate with a polishing surface of a polishing pad comprising a plurality of polishing
elements, at least some of which are porous, and relatively moving the polishing pad with
respect to the substrate to abrade the surface of the substrate. In certain exemplary
embodiments, a working liquid may be provided to an interface between the polishing pad
25 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
W0/200233736.
The polishing pads described herein may, in some embodiments, be relatively easy
and inexpensive to manufacture. A brief discussion of some exemplary methods for
30 making polishing pads according to the present disclosure is described below, which
discussion is not intended to be exhaustive or otherwise limiting. Thus, in further

exemplary embodiments, a method of making a polishing pad is provided, the method
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different fromthe remai nder of the layer In sone exenplary enbodi nents,
the el enent, layer or region nay be transparent, or nmay be nade transparent
by appl yiwgQ 2nmatwoend/ or pressure to the nmaterial, or a trcanspavesto3materi al
may be cast in place in an aperture suitably positioned in a layer to
create a transparent region In an alternative enbodi nent, the entire
support |ayer may be nmade of a material that is or may be nade transparent
to energy in the range of wavel ength(s) of interest utilized by an endpoi nt
det ecti onapparatus Preferred transparent materials for a transparent

el ement, layer or region include, for exanple, transparent polyurethanes
Furthernore, as used above, the term"transparent” is intended to include
an elenment, layer, and or region that is substantially transparent to
energy in the range of wavel ength(s) of interest utilized by an endpoi nt
detection apparatus In certain exenplary enbodi nents, the endpoint

det ecti on appar at «spitl@egmia M@luaiity TP @insOhk@eandiondek BEHsINBYNGEI C energy to
emt radiation inotdgodiBe @k aiilnh@dsh Boitng bekn@FHishinydiedbdahsnel i ght, infrared

i ght m cr OV\BVESSu Bragrkr%am\a{o%é embga(?rﬁgptg %E)ljisgtﬂe%nJ Jagdgng(&fum oﬁzn)gndﬁlge like In
certain enbodi ment s fg%ﬁ} g{Ve ransgar ent" neans }east about 25%

(e g, at least aBS(it® forle FUNHELTOS g %f"m#"éaﬁ%‘f %%%Out 60% at | east
about 70% at °l east éﬁﬁHPe@@@&“ﬁﬂwﬁéﬁ§%d%ﬁﬁﬂFm90@6“%%d?@ast about 95% of
energy at a wavel emgtiyerofheimp bedigstay teladievel, fpimgeSy erpetnetzhgort r anspar ent

el enent, | ayer orwmﬁgi@nmb&n@&aﬂﬁnhﬁ&admhhﬁﬁﬁg&ﬁau@hmhnmsﬁge exenpl ary

enbodi ment's, the 1&%@Qﬁc{healn@ﬁfe 5ohshsng &&@{asmaﬁe%gm | & Sl Rlahe @Xx €N Ary

enbodi nents, at £eas nt. | n addi ti onal
EXEITp| ary errbodl ITE epops%nﬁopmemsands gpoglagfersof%n meh.sorﬁlowatogetg {OS tr anspar ent and

the adhesive ¥ ayeti"“déﬁﬁ b?“ﬂlégl%fﬁcﬁo‘?“fasﬂ“‘é‘”“éq’“gé\“?yé‘g‘éhle L5 PEREPEY ent I n furt her
exenpl ary enbodi nispfing of the pptishisg gamenstio thegypeert layqr HesoguregralypreidTed, t he pol i shi ng
conposi tion di st rdmbuimenyprdssaryg @ ppplied to the radite ingrige Wi Hegild tivgoligingement , or a

conbi nati on t her edfenksSndlite APHPRFL M furthél Grepii LS @MALA cBlbBiGERSK@pdtS T Urt her
directed to a ”EHQ@Qn&LdH§&HQmﬁfB&kh@hmagmgége@§mgﬁ§ﬁ%%Q d above in a

pol i shi ng progess,, d including contacting a surface of a substrate
with a pollshlng su pol i shi ng pad conpr|5|n%la plurality of
pol i shing el enents, éTm?@§§F“%%ﬁ@mﬁ?sVﬂ?@ﬁe%W@n EPEHL TSR r el ati vel y

movi ng t he poIisthgW¢adﬂmaﬂhwm@®we%@m®ww@ﬂ@wy@®@v#@méum@a@brade t he
surface of the sulstaucatn@el i pdiging eénintoxEmRioatificeeMmpeghdmbpnd. SSsucha wor ki ng | i qui d
may be provided t@yRak/BlcRhiaGHn BT WRRIH hh@inRal vk HRMcGingda chhesive

20 positioned at the bonding interface between each polishing element and the major surface

menfs are [;eate

of the support layer. In other embodiments, the bonding material may be a material that
forms a bond by curing, for example, by thermally curing, radiation curing (e.g., curing
using actinic radiation such as ultraviolet light, visible light, infrared light, electron beams
or other radiation sources), and the like.

25 In certain embodiments, at least some of the polishing elements are substantially
non-porous polishing elements. In certain presently preferred embodiments, at least a
portion of the polishing elements may be porous polishing elements. Thus, in certain
exemplary embodiments, the method includes forming the porous polishing elements by
injection molding of a gas saturated polymer melt, injection molding of a reactive mixture

30 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
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surface and the substrate surface Suitable working Iiquids are known in the
art, and may be found, for exanple, in US Patent Nos 6, 238,592 Bl,

6, 491, 843wBI2p10zm004200 200233736 The pol i shing pads descr ipbgdsh@wesrwirzay, in
sone enbodi nents, be relatively easy and i nexpensive to manufacture A brief
di scussi on of sone exenplary methods for making polishing pads according to
the present disclosure is described bel ow, which discussion is not intended
to be exhaustive or otherwise |imting Thus, in further exenplary

enbodi nents, a nethod of making a polishing pad is provided, the

met hodconprising formng a plurality of polishing el enents, and bonding the
polishing elenents to a support layer to forma polishing pad Bondi ng of
the polishing elenents to the support |ayer may, in sone enbodi nents,
conprise thermal bonding, or use of a bonding material to effect adhesive
bondi ng, actinic radiation bonding, or conbinations thereof In certain
enbodi nent's, the ipohia®Ripsignes Ine BBBt, Sicaibemddiesinadub fertpamn@daciate0 t he support

| ayer Thermal bongbdagi ilBdernRRas@GhiRY 8d combidfioneXadPl €, by contacting a najor

surface of the SUppO 11:sorLe%ye%[‘)lary\émtoam%mssMJpo%ﬁgohglfng Qé?ncérns hBQL(!re%hl ng el ement to
forma bonding in I Shing el enents and the

support |ayer to ﬁmpgﬁﬁgV@FGP%m%meﬁgéﬁmf @g 58 SR8 B#Ent s and support

| ayer soften, SmelteProgrmas e diibrigtrestratly ¢t &e robting sarfapromite rerevs pHidi"hondi ng
interface UItraso#WQMMbhdrn@nﬂﬂym%ﬂmmwsbemuse@mwwheﬁﬁebwwﬁh@wnaI bondi ng of
t he polishing 6|eﬂﬁﬁb&pﬂﬂm%hemﬁwﬁp@mbmhﬂyﬁﬁmbﬁbﬁﬂ&ﬁmﬁbﬂ&ﬁnt|y preferred
enbodi ment's, presgiigin §mﬁ9&hhﬁﬂg&Q@Mh%nggﬂgmﬁggz@&$&£ﬁﬁﬁm&ﬁl|e heating the

pol i shi ng elenentgmmn m%%%gggggﬁmﬁrmgggg I'n further presently preferred
enbodi nents, the sup 3 to a tenperature greater t han the

t ed
tenperature t'g mhlcthH@e 8¥%@%VH P@F@ﬁﬁﬂﬁﬁdﬁF@m AW rH Bt her exenpl ary
enbodi ment s, bondﬁﬁﬁmﬁﬁ@mb®WF%%FWgﬁ@V@WEHW§WPGMPN%M§ﬁ%ﬁﬁPE | ayer involves
using a bonding neato@polighing tlixadts shdympross ppisig kleahts men dikorp tighlemtincal uni on at an
i nterface betweenspdies ppiGhideSiahdig 1Q¥iIEME FluSierabdd th@ aBnBé:, cSibhitiace of the support

| ayer Such a physdnﬁéémelﬁl&q&% poﬁJﬂlﬁéﬁeﬁ@ls arldrllbé?a'}}naﬁgﬂbénporbu@poﬁs%g ahbenbodi ments, be
formed using ; er.face between each

poI i shi ng el e rre nt maégedlseg ?_ldvag ousl¥_ in ce?faquemgodlmer?s toq?{m a gorl]&m%paé ha]/m er In other
enbodi nents, the %@ﬁ%W%@mWﬁF@FPﬁ#dﬁﬁ?mﬁ%mﬁrnaterlal that fornms a bond by
curing, for exanpl e, ythtrlrepma cmyodigentsi tregolishing elpnzgtts opm bepuangeAy (e. g , curing
form a pattern. Any pattern may be advantageously employed. For example, the
polishing elements may be arranged to form a two-dimensional array, for example, a
20 rectangular, triangular, or circular array of polishing elements. In additional exemplary
embodiments, the polishing elements may include both porous polishing elements and
substantially nonporous polishing elements arranged in a pattern on the support layer. In
certain exemplary embodiments, the porous polishing elements may be advantageously
arranged with respect to any substantially nonporous polishing elements to form an
25 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.
For example, in some exemplary embodiments, the porous polishing elements may
30 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
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using actinic radiation such as ultraviolet light, visible light, infrared
| ight, electron beans or other radiation sources), and the like In certain
enbodi mrenwe,20am00be2ast sonme of the polishing el enents arecsaissaoansioat | y

non- porous polishing elements In certain presently preferred enbodi nents,

at least a portion of the polishing el enents may be porous polishing

el ements Thus, in certain exenplary enbodi nents, the nethod includes

form ng the porous polishing elenents by injection nolding of a gas
saturated polyner nmelt, injection nolding of a reactive m xture that

evol ves a gas upon reaction to forma polyner, injection nolding of a

m xture conprising a polynmer dissolved in a supercritical gas, injection
nol di ng of a m xture ofinconpatible polyners in a solvent, injection
nol di ng of porous thernoset particulates dispersed in a thernoplastic

pol ymer, and conbi nations thereof In some exenplary enbodi nents, the porous
pol i shi ng el enent sy haivey et e@stivell Stih b Widing GquB Lty Stadid ah ebkabiye ptlisipughout t he
entire polishing @k meidtonhdzofRedkn EISFRRGH IR S with 8RO Sy MY be di stri but ed

substanti al | y at 1&;&&@9& &Q&Q&hsﬁhﬂu&%ﬁﬁy gf rLJJ(gd ([i)sgll;lg Re Vpigll sllrﬁlt!eB ng el ements In
sone additi onal nts or osi the polishing surface

of a porous pollsﬁlﬁdmg %ﬁﬁﬁ?mﬁﬁﬁp %”Pﬁﬁ% ?%ﬁwmf§W”€&%mﬁ¥% by injection
mol di ng, cal eddar M2y prrvedieent B2 pisodpsibh pagie mpraarsgpeitine fige needl e punchi ng,
gas di spersi on f odsv 9l dicheny e@tingpricegsitn fprmagm df :cderydnatd ons t hereof |t
wi | | be under st oodprbvnaticld Aaediqpalsi sininflg. pad need not conprise only

substantial l'y 'dentl%ﬁhmﬁ%&h§ﬂhﬁ9m@h@ﬂaﬂ%é‘JBM§dm£&Lm€%%%H£@ any

conbi nati on or arranrgqunearthe e(Ige(an)ré)olflssul'fgeof}hepollsﬁg%pa and supsEarﬁlaland non- porous
pol i shi ng elenents he

% Wﬁp Egllshlng el enent s
It will also Be uRY&r Fﬁﬁﬂg?%ﬁT“%%Vaﬁﬁﬁ%ﬂvm“ﬂ% Wﬁ??SH O¥°ar r angenent of
porous pol i shi ng wiaearehtrelishtgdads OB rarericrt dndfor pagevp Opelisinegeitdisd ng el enent s
may be used advantages flliigwitdekdts@penf tpiedidsmpntes to form a poli shing pad
havi ng fl oating pol i Sttefig efo®hRA 1S pddARERB erlisGhaPoe SHRPOS § pattedyerl 1 N furt her
exenpl ary embodi MRAL Sy o ahl%orQQ%aéeéﬂ?ﬂefs’lonﬁlmﬂﬁmh%r e%)ﬁarPé%lbébMe@J‘ﬂ@d to forma

pattern Any pfgt te opslﬁ‘tgyaye%ents m%y ga?‘“r@%%ﬂ%%%&er& Xsmg gg‘[fp?% ofghe de51red Fa)g r’rpl e, the

pol i shi ng el enent nal array, for
exanpl e, a rectaﬁﬂﬁﬁﬁﬂmm???&ﬁ@ﬁ”ﬁwm“BW“EW?%UﬂﬁwmﬁﬁP%?“H?mbol|sh|ng el ement s
I n addi ti onal exefpleapyer e bdodidi i phaer sutfisect potirgHivergongftiesrecht s may i ncl ude
bot h porous pol i shiishig: ceh@medtoslinginetface.

Exemplary embodiments of polishing pads having polishing elements according to

20 the present disclosure may 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 wafers used in manufacturing integrated circuits and
semiconductor devices. In certain exemplary embodiments, the polishing pad described in

25 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
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

30 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
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substantially nonporous polishing elenents arranged in a pattern on the
support layer In certain exenplary enbodi nents, the porous polishing

el enent s wayotmoastoant ageously arranged with respect topramussabssantially
nonpor ous polishing elenents to form an arrangenent of porous polishing
el enments and nonporous polishing elenents on the major surface of the
support layer In such enbodi nents, the nunber and arrangenent of porous
polishing elenments relative to substantially nonporous polishing el enments
may be sel ected advant ageously to obtain desirable polishing performance
For exanple, in sone exenplary enbodi nents, the porous polishing el enents
may be arranged substantially near the center of a nmajor surface of the
pol i shing pad, and substantially nonporous polishing el enents nay be
arranged substantially near the peripheral edge of the major surface of the
poli shing pad Such exenpl ary enbodi nentsnmay desirably nore effectively
retain a worKking ihiQuH ehees§n@y re@iXia Aploed aiminabEradishite ujfahinsdrateg sl urry, in the
contact zone bet We@Rd g sl bishiRgin RachiedRd e Bl 8l imsiied @@e, t her eby

i mproving wafer sprface polilalings¥aiformty (e g , reduced dishing at the
waf er surface) as wel s reduci ng waste slurry generated

. %ﬁ the q ant%%y of 1
by the CVP process SUCH &RERPTAFS b0t hEPRIL Sy BEs “G8eF r abl y provi de
nmore aggressi ve poPIISHP figpreatt dspairepy eesnitprocessiecl fyse diapgpeyaéyhiteduci ng or
elimnating the fomgaig dreafed aeeetigceriifiady to ghne bisnghie o¥d. rgreyineel d and di e
pol i sh uni form t yof mbréewabisle@se Bam ek sty pa2 Byl RfRdd S, ordbrlamaa@ih ous pol i shi ng

el enents may be gfoﬁsﬁﬁggﬁﬁim&yg%%iuﬂdc& Y (RQAL prdc iR GG el R i) OF surface of
the polishing pad, and substantially nonporous polishing elenents may be

a3 (
F nernear,the center of the nagor surface of the

arranged subst anti al . : . ,

pol i shi ng pad®Ct her 5%?@ﬁ§@ﬁ@ﬁ?§“ﬁﬁﬂ%ﬁpﬂBﬁTf%?ﬁ@“%Wmﬁﬁwfshing el ements are
contenpl at ed as fiBistraedhfthyeierepre it the flowig pppimigie efafdespr esent  di scl osure In
certain enbodi nents, the polishing el enents may be arranged in a pattern by
pl acenent on a major surface of theE¥¢PPd¥t |ayer In other exenplary

enbodi nents, the pol iTstfollagnesbraiming samyiyjllugetc grigvanged far prepainp@iht ern usi ng a
tenpl ate of the desish@donpabidsgdifhing ddiehtstwiiieh PR b pl@y Riishigpidsbe posi ti oned

over or under the,poLiiShlAg £)eIRNMS R0 RE hRiRlAt € prior to bonding,
with a major surface of the support |ayer contacting each polishing el enment

at a bonding integface Exenplary enbodi nents of polishing pads having

p0| i shi ng el ement s aq"%g)gxg‘!pfg glusgrges the preparation of both nonporous polishing elements

20 (Example 1A) and porous polishing elements (Example 1B) in which pores are distributed
substantially throughout the entire polishing element. The porous polishing elements were
prepared by injection molding of a mixture comprising a polymer dissolved in a
supercritical gas.

A thermoplastic polyurethane (ESTANE ETE 60DT3 NAT 022P, Lubrizol

25 Advanced Materials, Inc., Cleveland, OH) having a melt index of 5 at 210°C and 3800 g
of force was selected. Pellets of the thermoplastic polyurethane were fed into an 80 ton
MT Arburg injection molding press (Arburg GmbH, Lossburg, Germany) equipped with a
30 mm diameter single screw (L/D = 24:1) at elevated temperature and pressure to
produce a polymer melt.

30 In Example 1A, the polymer melt was injection molded into a 32-cavity, cold
runner mold (solid shot weight of 9.2 grams) to form substantially nonporous polishing

elements having a hollow internal cylindrical cavity and weighing 0.15 grams/element.

27-



t he present disclosure may have various features and characteristics that
enable their use in a variety of polishing applications In sone presently
pr ef er r edwertbodioss2nt s, pol i shing pads of the present di ecirasare/osmy2 be
particularly well suited for chem cal mechanical planarization (CW) of

waf ers used in manufacturing integrated circuits and sem conduct or devices
In certain exenplary enbodi nents, the polishing pad described in this

di scl osure may provi de advantages over polishing pads that are known in the
art For exanple, in sonme exenplary enbodi nents, a polishing pad according
to the present disclosure may act to better retain a working liquid used in
the CVP process at the interface between the polishing surface of the pad
and the substrate surface being polished, thereby inproving the
effectiveness of the working liquid in augnmenting polishing. In other

exenpl ary enbodi nents, a polishing pad according to the present disclosure
may reduce or el i m natmanieSH ningeramnthOljecellg®r &rds leomrat antl rasuwaf er surf ace
during pol i shing ihbnSPRRer RGN et BIROALIVRIS 2 MkS RIsODosi® POl i Shi ng pad

according to the present, disgl RR4LE] R AvGMPMR] QF6R% HRM{£sul t in inmproved
wi t hin wafer polishi l.i sh fer surface, an

- uniformty, a flatter po ed .
i ncrease in edge 0K%9€W%fﬁ“??%ﬁﬁfﬁ8¥V&?%??m%ﬁ§fFﬁg?%vggafﬁﬁlprocess
operating | at it ud@deehiger egisrdsraritcien madef i thpEready edfpinesf P Ebdi nents, use of
a polishing pad whdheighof Dusmmelidme ntres RETTrdnmyhdvios 4hhiew prredent  di scl osur e
may permt procesgingal edvityla@ivgeting i A aRider whitifors Se daabde@subsRibtatyal Ni Nng t he
required degree OfrogtlihiRGEe inkhPldity to obtain high chip yield, processing
of nore wafers beforqhgonditi%nlggFof th%m%%%m%%&au%%a&§méﬁgyired in order
0 er surtact C (

. X . . emperatures TOr eac ¢ of the ex .
to maintain polishin unit or t he wa reduci ng process

rmt urface, o
time and wear'®on Wﬁ@rﬁﬁﬁnﬁ%ﬁﬁ“F%ﬁﬁ@?wﬁyﬁﬁﬁfﬁWV“BﬁWP@WVﬁﬁ pads according to
the present di scl®suree@ipnelnéW!Be illustrated with reference to the
following non-limting exanpl es EXAMPaES: The foll owi ng non-limting

exanpl es illustrgte vamg Qs ARLRAAS forl pLeRarhng bt ,ReEoUs and
non- porous polishing el enents which nmay hempsad to prepane pol i shing pads
conprising a pl urlal edny1 Bihpepodirsdi(@y el enent s2bonded tB2a support | ayer
Exanpl e 1 This eXanphe iehjcustrat es the |prepsrati on ofisbdt h nonporous
pol i shi ng el ement|s Zone3 Temperature (°C) 204.4 204.4

Zone 4 Temperature (°C) 215.6 215.6

Zone 6 Temperature (Nozzle) (°C) 215.6 215.6

Zone 7 Temperature (Nozzle) (°C) 215.6 2156

Screw Speed (% of maximum) 2 25

Mold Temperature (°C) 322 100

Screw Pressure (kg/cm?2) 105.5 175.8

Nitrogen Concentration (%) 0 0.6

Nitrogen Injection Time (seconds) 0 1.3

Injection Time (seconds) 0.29 02

Peak Injection Pressure (kg/cm?2) 1863.1 1687.4

Pack Time (seconds) 2.5 1

Pack Pressure (kg/cm?2) 703.1 246.1

Cool Time (seconds) 12 14

Clamp Tonnage (kg) 79832.3 362874
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(Exanple I'A) and porous polishing elenents (Exanple IB) in which pores are
di stributed substantially throughout the entire polishing el enent The

por ous povoghiommoebenents were prepared by injection nolpdirrnug2@b/oaiont xt ur e
conprising a polynmer dissolved in a supercritical gas A thernoplastic

pol yur et hane (ESTANE ETE 60DT3 NAT 022P, Lubrizol Advanced Materials, Inc ,
Cl eveland, OH) having a nelt index of 5 at 2100C and 3800 g of force was
selected Pellets of the thernoplastic pol yurethane were fed into an 80 ton
Ml Arburg injection nolding press (Arburg GrbH, Lossburg, Gernmany) equi pped
with a 30 mm di aneter single screw (LfD =24 1) at el evated tenperature and
pressure to produce a polyner nelt In Exanple IA the polyner nelt was
injection nolded into a 32-cavity, cold runner nold (solid shot weight of 9
2 grans) to form substantially nonporous polishing elenments having a hol | ow
internal cylindrical cavity and weighing O 15 grans/el enentln Exanple |B,
nitrogen gas was Exmpect ed under el evated tenperature and pressure into the
pol ymer melt using a1t &xBle iRtrdtes HRbh B d 4 fofo@PoliMink Renddnt MBSEh PUl se Dosi ng

del i ver y SySt em ([%Pésaalre d@tpllu%d Julrsgr{nﬂly I%Xa?tlle’ pollsllal% suﬁacm Iélgnentlvp‘) resul ti ng in
formation of a 0 6% w w ble ritirc nltro% en in the polyner nelt

w supe
The supercri ti cal nlg?%agﬁm% Hg‘ﬁ %% gﬁﬁTWm BEABEE fhj ecti on noi ded into
the 32-cavity] cobamop ey rehee gt 7@6§HBWAVE?Q%WH6ﬁ¢@m? grans) to form
por ous pol i shi ng eerneht.Slefrawi OF hainh ohditddexiofftaed Hi@ind B9t d hiritcal cavity and
wei ghing 0 135 g, for@Réherhif itk GlpolPiBiz@Smeatk Readiing btfolt DuHingid disntas&sant i al |y
throughout the enties PRLL,SNOEShRTENt The tenperatures for each zone of

the extruder, nold tq"[lrepehshm lélu[;‘fec’eotsammje y\(lin olgédgq_cilghlnogém aC € a{seessur es, nol di ng
ti mes and clanp t onnages are summari zeq conpar ati ve Exanpl e

| A and | B Tabl’e 1EX4mpiae @m$ﬁﬁ§m§%8W8P%@FVVG§F?ﬁ?%%m@ﬁgwbreparat|on of a
porous pol i shi ng ©pherrefre- Senie Qi O opgemesithg pasosetprd pyis Bigradigsst antial ly only
at the polishing skHzfragessads of 1607l &rentatsNohien o setpel I0swagoe el ement s wer e
first prepared bys3ob Bj/QEkin @fk 15 bedd Ngeoids IniBRRBGIsASt | ¢ pol yur et hane ( ESTANE
ETE 60DT3 NAT 022P, Lubrizol Advanced Materials, Inc , Ceveland, OH)
havi ng a nel tisi ndexmpefs 5 at 2100C and 3800 g of force to

This example illustrates the preparation of both nonporous polishing elements
(Example 3A) and porous polishing elements (Example 3B) in which pores are distributed
substantially only at the polishing surface of the element in the form of a plurality of
channels formed on the polishing surface.

20 Porous polishing elements were prepared by injection molding a thermoplastic
polyurethane (ESTANE ETE 60DT3 NAT 022P, available from Lubrizol Advanced
Materials, Inc., Cleveland, OH) having a melt index of 5 at 210°C and 3800 g of force.
Pellets of the thermoplastic polyurethane were fed into an Engel 100 ton injection molding
press (Engel Machinery, Inc., York, PA) equipped with a 25 mm diameter single screw

25 (L/D = 24.6:1) at elevated temperature and pressure to produce a polymer melt.

The thermoplastic polyurethane melt was injection molded into a 2-cavity, cold
runner mold (shot weight of 34.01 grams) equipped with a ribbed mold insert in one cavity
and a blank mold insert in the other cavity. The injection molding conditions are
summarized in Table 2.

30
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formgenerally cylindrical polishing elenents neasuring about 15 mmin

di aneter, as described generally above in Exanple | A The polishing surface
of an i njwotznomopzbded pol i shing el enent was then | aser pdmiusb@d/osm31f or m a
porous polishing el enent using an AVIA 355 nmultraviolet |aser (Coherent,
Inc , Santa Clara, CA) operating with a nanosecond pul se rate, repetition
rate of 15kHz, power setting of 60-80% (0 8 - 1 1 watts) and a scan rate
bet ween 100 m sec to 300 mmisec (run tine total of 29 8 seconds and 13 2
seconds) Exanple 3 This exanple illustrates the preparation of both
nonporous polishing elenents (Exanple 3A) and porous polishing el enents
(Exanple 3B) in which pores are distributed substantially only at the
polishing surface of the elenent in the formof a plurality of channels
formed on the polishing surface Porous polishing el enents were prepared by
injection nolding a thernopl astic pol yuret hane (ESTANE ETE 60DT3 NAT 022P,
avai l abl e from Lubrizol Advanced Matembiats, Inc , Ceveland, OH) having a
melt index of 5 at 2100C ang,aalPuriherf fOrce PelKghs of the thernoplastic
pol yur et hane were fed i NTA.aRkRa8L FL@@cfon|inj egdi on noldi ng press (Engel
Machi nery, Inc , York, PAaetguhppedea th a 25 mmigdizameter single screw (L/D
= 24 6 1) at el evated t enpenatueeuard pressure toosproduce a pol ynmer nelt
The thernopl astic pol|lyur etohanrenpemist COas i nj ecti orv4pol ded [into a 2-cavity,
cold runner nold (shat weieghtregfrr®4 O 1 grams) edW@ pped with a ribbed nold
insert in one cavity |and MelGlempsktiiti¥)d i nseri in the othen cavity The

i nj ection nol di ng conditi'dergondime Gecpiivvar i zed!in TaBle 2Table 2 Figure 5
illustrates one exemplary’&pparabtgc(estdl in thé%®thod !for thernal

bondi ng of pol i shing fel e'm“fi*;re“‘;ebffﬁ@jﬁ)ﬂﬂhort layer—Amuk-tipl i city of

nonpor ous pol i shing E—l—eﬁceﬁ)%ﬁﬁ%é be—arranged—ifi-a—twe-di nensi onal array
pattern in tenplate 30 (sgg p#lnhﬁgé%(fy) posi tiuned Ubl&kﬁl ease | ayer 34 Support

| ayer 10 may be laid over ne exposed surfaces of the potishing el enents 4
Rel ease | ayer 34’ ma¥ e .placed over the expos urface of the support

| ayer 10, and the entI're lélsStrsaéanﬁTexemﬁa apBammS ace%I Be wé’enemt1 e upper platen 36
and | ower pl at en ‘t@gﬁné?f p(gshﬁléa?ngrast Sé‘(g) layer. multlphclty of nonporous polishing

clements 4’ may be arranged in a two-dimensional array pattern in template 30 (see
FIG. 3A) positioned on release layer 34. Support layer 10 may be laid over the exposed
surfaces of the polishing elements 4’. Release layer 34” may be placed over the exposed
surface of the support layer 10, and the entire assembly may be placed between the upper
platen 36 and lower platen 38 of a heated press.
10 It will be understood that the relative order and arrangement of elements in the
exemplary apparatus may be varied without deviating from the scope of the disclosure.
Thus, for example, the support layer 10 may be placed on release layer 34 and overlaid
with the template 30 before arranging the nonporous polishing elements 4 in a
two-dimensional array pattern in the template, and overlaying the arranged elements with
15 release layer 34°. Furthermore, porous polishing elements 4 may be substituted for

nonporous polishing elements 4° in any number, arrangement or combination.

Example 4

Example 4 illustrates a method of thermally bonding injection molded
20 thermoplastic polyurethane polishing elements prepared according to Example 1 to a

support layer film comprising a thermoplastic polyurethane.
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It wll be understood that the relative order and arrangenent of el enents
in the exenplary apparatus nmay be vaped w thout deviating fromthe scope of
t he di sclweunw/ibbuzs, for exanple, the support |ayer 10 may/useooloamer on

rel ease layer 34 and overlaid with the tenplate 30 before arranging the
nonporous polishing elenents 4 in a two-di nensional array pattern in the
tenpl ate, and overlaying the arranged elenents with rel ease | ayer 34

Furt hernore, porous polishing elenents 4 may be substituted for nonporous
polishing elements 4" in any nunber, arrangenment or conbi nati on Exanple 4
Exanple 4 illustrates a nethod of thermally bonding injection nol ded

t her nopl asti ¢ pol yuret hane polishing el enents prepared according to Exanple
1 to a support layer filmconprising a thernopl astic pol yurethanePol i shi ng
el enments (15 mmdianeter) were forned by injection nolding a thernoplastic
pol yur et hane (TPU), ESTANE 58144 (avail able from Lubrizol Advanced
Materials, Inc , O evaisapesmetH)s aCookteh wg fdred BXaaph @oldingthe pol i shi ng

el ements were arraRgREkid By Ret@R HPUREITYNICI 146 Wlafdble EWXLEH-TRAGIQNal array
pattern using a RalyGanbenak, 5@%@&%&%@h%oﬁsﬁlnﬁe&m@wﬁ@nd bonded to a

26 mm t hi ck support _extrusion | astic

pol yur et hane (TP “gﬁ§¥ﬁﬁﬁd5§§ By *ﬁ?°1§V%PW3EF@”WPSW$1ﬁ ri zol Advanced

Materials, Iné , %%%Wé%%ﬂﬁ?F¥}®aW?W%F@f%ﬁ@ﬁ%kﬁﬂ@ﬁ”?@?@ﬂvhernal bondi ng was
carried out in a deatreds iphablef ppress: (TPasEstavFssddydsRuliatsle Rmess Conpany, E
Monte, CA) subst amibidzalbync@asnshewn., Citvelnk Gupnd Mg dppen-cpl at en was mai nt ai ned

at appr oxi mat el y 143 T;w)’egnal b%lnlqg &J;gdﬁ"’e(p(}(}ﬁlq hQ:Jte@‘Blﬁ&l pl\é@‘&asg%aﬂ%@a!ulngd at
approxi mately 26 ; (§uff| Lent . Ssu[ymsmmugaPFLﬁcu 0 nake contact between

the TPU pol i shi ng &l n@ﬁ% °me Su“ ay e VT ¢h were positioned
bet ween paper! reI%ﬁ?@“ﬁ?ﬁ@?gmﬁ%”§%%ﬁﬁﬂFHwﬁﬂﬁﬁgmﬁﬁﬁﬁﬁﬂﬁ was substantially
conpl et e and uni faormaky &7 3 Ouikee orrekse Waf apripd tq sy et bywvdoedPng t he TPU
support |ayer to folseingERkbnp @k ihs THURGp@ IR AitISYere pdiiGonpidpeden fapener s wer e renoved
to yield a clear iiptegal nahels phoﬁﬁgﬁuammycén@nétegndmf&dﬁafteher mal 'y bonded
TPU pol i shing el %‘?@&&s, A@eﬁthemﬁmndlng‘thﬁp@sulpoﬁﬁ UE’ h?rp% JLs@gpl e S illustrates

t he nmet hod of therna ect r mopl asti ¢ pol yur et hane

pol i shing el efent &BF t%ﬁ?‘pgdneef@ Or Vﬁié"yfe% @x"“rr?f)glr ShTt °? g g ppot

layer with thermally bonded TPU polishing elements, as shown in FIG. 7.

Example 5
Example 5 illustrates the method of thermally bonding injection molded

20 thermoplastic polyurethane polishing elements prepared according to Example 1 to a
support layer film comprising a different thermoplastic polyurethane.
Polishing elements (6 mm diameter) were formed by injection molding a TPU
(ESTANE 58212 (available from Lubrizol Advanced Materials, Inc., Cleveland, OH)
according to Example 1. The polishing elements were arranged in a generally circular
25 two-dimensional array pattern using a polycarbonate template (FIG. 6), and thermally
bonded to a 122 um thick TPU film support layer (Stevens Urethane ST-1522CL,
Easthampton, MA).
Thermal bonding was carried out in a heated platen press (HIX N-800 single platen
press, Pittsburgh, KS) substantially as shown in FIG. 5. The upper platen was maintained
30 at approximately 149°C, and the lower platen was maintained at approximately 26.7°C. A
pressure of 40 psi (about 275,790 Pa) was applied to the TPU polishing elements and the

TPU support layer, which were positioned between paper release liners as shown in
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support layer filmconprising a different thernoplastic pol yurethane
Pol i shing elenments (6 mmdianeter) were fornmed by injection nolding a TPU
(ESTANE 5802a10(mven| abl e from Lubri zol Advanced Materi alPeT/use@9/05@BEvel and,
OH) according to Exanple 1 The polishing elenents were arranged in a
generally circular two-di nensional array pattern using a pol ycarbonate
tenplate (FIG6), and thernally bonded to a 122 mmthick TPU fil m support

| ayer (Stevens Urethane ST-1522CL, Easthanpton, MA) Therrmal bondi ng was
carried out in a heated platen press (HK N-800 single platen press,
Pittsburgh, KS) substantially as shown in FIG5 The upper platen was
mai nt ai ned at approxi mately 149C, and the | ower platen was naintai ned at
approximately 26 70C A pressure of 40 psi (about 275,790 Pa) was applied to
the TPU polishing el enents and the TPU support |ayer, which were positioned
bet ween paper release liners as shown inFIG 5 Bonding was substantially
conpl ete and uni f6.m BhdigvashbstaetaddeteAliduafontdne 1 secbddy Abondi ng t he TPU
support layer to ddiuyibldinp@d irsRirfdg 1af} € BN Selistidd 8enRAPBE pajet NG S Were renoved

to yl el d a_ clear xilegtre%g\re@llo yiQ(haec%Er in%&rall@epoﬁﬂpﬂ&&‘tla}Jer%XtﬁtElerMI}t@ndLJ.'er mal | y bonded
TPU pol i shing el epents. anpl e 6 Exanple 6 1l l'ustrates” an alternate nethod

of thermally bond"Rg*FHEFES on nol ded t her nopl astic pol yur et hane pol i shi ng
el ement's prepar edE aCF%rdi ng to Exanple 1 to a support layer film conprising
pol yester Polishing elements (15 nmdianmeter) were formed by injection

nol di ng a TPU ( ESTANE*®89 Al ieati wiheobhitaicrirpesenraiitled Material s,
Inc , Cevel and, t@Hj)orlgtrolrutitheng pdighinEstepayyirerated FpvalingExaghit Yge el enent s were
arranged direct | ysu@brt igeria ofiprisigpflage of the support |ayer, a 102 nmthick
p0| yeSt er fi |1I61 (3M Th@fslﬁﬂé'el@(éﬂﬁ(l%diﬁietkrmere%}ﬂlem@ﬁbymol&tg al?ﬁjul ) IVN) ) and

thermal |y bonded 815 [borh AXEL AN RapdiEng. wag, carried out in a
heat ed pl at en pre&g%A Pasal gﬂ%e ¥ rugtu liAgE C%F%lse;?’ I’bﬁ/bﬁt’e, )CA) The upper

a
pl aten was mai nt aHREGE AF*BPnr SXPHE e fSPt e FE e HHE ™t Ra™ Bwer  pl at en was
mai Nt ai ned at appvésdchiie whryt 126 702 1D figkipieen flm pEdgnrendid sFilappl i ed t o make
contact between tiheCohpl, polil, 3N, ag themarbanies wangpiohieyesupport | ayer, which
were positiongd bet WwaemmPRRBE wis kRBASAN 4 Hedd@ FiSien BORN Bhshigna WSk DSt ant i al |y
co er' ete and uni flggsml Monte, CA). The upper platen was maintained at approximately 121°C, and the
lower platen was maintained at approximately 26.7°C. Sufficient pressure was applied to
make contact between the TPU polishing elements and the suppott layer, which were
positioned between paper release liners. Bonding was substantially complete and uniform
20 after 20 seconds. After thermally bonding the support layer to the TPU polishing
elements, the paper liners were removed to yield a clear integral sheet of support layer

with thermally bonded TPU polishing elements.

Example 7
25 Example 7 illustrates the method of thermally bonding injection molded

thermoplastic polyurethane polishing elements prepared according to Example 1to a
support layer comprising a different polyester film.
Polishing elements (15 mm diameter) were formed by injection molding a TPU
(ESTANE 58144, available from Lubrizol Advanced Materials, Inc., Cleveland, OH)
30 according to Example 1. The polishing elements were arranged directly on a major
surface the support layer, a 102 pm thick polyester film (3M Thermo-Bond 668 Film, 3M
Company, St. Paul, MN), and thermally bonded to the support layer.
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after 20 seconds After thermally bonding the support layer to the TPU
polishing elenents, the paper liners were renoved to yield a clear integral
sheet of woppovad2ayer with thermally bonded TPU pol i shipng/usbeamestos2 Exanpl e
7 Exanple 7 illustrates the nethod of thermally bonding injection nol ded

t her nopl asti ¢ pol yuret hane polishing el enents prepared according to Exanple
1 to a support |layer conprising a different polyester film Polishing

el enents (15 mm dianeter) were forned by injection nolding a TPU ( ESTANE
58144, available from Lubrizol Advanced Materials, Inc , Ceveland, OH)
according to Exanple 1 The polishing elements were arranged directly on a
maj or surface the support layer, a 102 mmthick polyester film (3M
Ther no- Bond 668 Film 3M Conpany, St Paul, MN), and thermally bonded to the
support | ayer Thermal bonding was carried out in a heated platen press (H X
N- 800 single platen press, Pittsburgh, KS) The upper platen was maintai ned
at approxi mat el y 149Qher@anandinfi@as badia®dut ifod hedtee platav@Sss (FBEX RB@kimala@t  appr oxi mat el y
26 70C A pressur exd riflrpKis). (CRREPEH 1 s (e Qin&@)apppRiSma@pbet &fh a0 t he TPU

p0| i shi ng el erre_ntl§we?}!flla%nL]Q%ai&%@é?gpgrogin%%l?adz"mppenurmﬁ(ﬁ)sil?agéll ti One_d bet ween
paper release |liners Bon ubstagtlall%gfogglete nd uni form after

di ng. was_sub: .
15 seconds Exanpl%égoﬁ&gﬁﬁpgdgmfP?W§WW§.8§mﬁm P*HBY 87 PiE¥ifal | y bonding an
i ntegral fil m’conPttiost brgrepairrstipsatyee | Betfpats uhErde et apdsifpPort | ayer to a
conpliant | ayer taefiorsmda poli shing pad having floating el enents After
thermal |y bondi ng the TPU support layer to the TPU polishing elenents as
described in Exanphuepled the maj or surface of the support |ayer opposite the
pol i shing el ements wasamait § iiloéeels 4 i@thad ol thdnilyERdinpinGkeep@lneufipgtifaane f oam

conpliant layer (BegeenRORR UL RERMAG: § Q3 RianRRElHAQ d0idlz 20062- 04,
obtained from Anmgpi.can Elexible, Chaska, M\) by hand lam nation to a 127 nmm
thick adhesive IayerA§§@ §7§ Trqpsfer Ac?he_sweP 3pLCpran , St Paul, M\
The pol i shing pad wad"€EfPt e %%%Bﬁnﬂgﬁﬁmﬁ3ﬁﬁwggﬂﬂamd“ﬁfe?§%re sensitive
adhesi ve (3M 442DETFrEREPEe Tigaior ssie iRy Y eStPPaIr MRS to t he
pol yur et hane f oamlegexyphsaindg toladyemm wirk pely it Soecooppogict Bogtrhe
15 PORON urethane foam, Part#4701-50-20062-04, obtained from American Flexible,
Chaska, MN) by hand lamination to a 127 um thick adhesive layer (3M 9672 Transfer
Adhesive, 3M Company, St. Paul, MN). The polishing pad was completed by hand
laminating a pressure sensitive adhesive (3M 442DL Transfer Tape, 3M Company,
St. Paul, MN) to the polyurethane foam compliant layer on a surface opposite the
20 polishing elements.
FIG. 8 is a photograph of a polishing pad comprising floating polishing elements
bonded to a support layer, wherein the support layer is affixed to a compliant sub-layer
with an adhesive, and wherein a pressure sensitive adhesive is adhered to the compliant
sub-layer on a major surface opposite the polishing elements, according to yet another

25 exemplary embodiment of the disclosure.

Example 9
The polishing pad of Example 8 was mounted to an aluminum polishing platen

using the Transfer Tape pressure sensitive adhesive on the bottom surface of the compliant
30 foam sub-layer. The polishing platen with polishing pad was then mounted in a CETR

Polisher (CP-4, Center for Tribology, Inc, Campbell, CA), placed into contact with a

diamond pad dresser (3M Sintered Abrasive Conditioner A3800) and stressed under

various conditions (see Table 1) in deionized water for 5 minutes.
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polishing elenments FIG 8 is a photograph of a polishing pad conprising
floating polishing el enments bonded to a support |ayer, wherein the support
| ayer is wbf20wam9420 a conpliant sub-layer with an adhesipcajusamnd/ostvgz ei n a
pressure sensitive adhesive is adhered to the conpliant sub-layer on a
maj or surface opposite the polishing el enents, according to yet another
exenpl ary enbodi nent of the disclosure Exanple 9 The polishing pad of
Exanpl e 8 was nmounted to an al um num polishing platen using the Transfer
Tape pressure sensitive adhesive on the bottom surface of the conpliant

f oam sub-1ayer The polishing platen with polishing pad was then nounted in
a CETR Polisher (CP-4, Center for Tribology, Inc, Canmpbell, CA), placed
into contact with a dianond pad dresser (3M Sintered Abrasive Conditioner
A3800) and stressed under various conditions (see Table 1) in deionized
water for 5 m nutesAfter each test condition, the pad was inspected for

el enment debondi ng andfieddgeswasitichethepat vadnsied@ tiotenfidedendind and dae pad coul d

W thstand cont i Nugk de@dd diolabi@iihd1Bhe@Ld MRBKthstadd B iR bndVRSngloARrUit 1|t he tops

were wore off at Qd&at)}‘an&%%ﬁ ére@ééfaighbfﬁ&%%ﬁ@ %&B—Jlt@ble%mla{&l aten speed and

10 mm oscill ation was
periodical ly chec%%%mf 3 8WW§%@W’“/”gﬁﬂﬁgﬂﬁﬁmﬁ%ﬁﬁﬁﬁampgﬁgm one was

det ect ed The fest"eBANTPOTHreSlBrEe-tutiTerd PBd2sdfccThBhedest3ontitiii ¢ 3 Usi ng t he

t eachi ngs provi dedmipaizef h@bPet ai | ed Descri pti on and Exanpl es herei nabove,

i ndi vi dual porous and optionally, nonpee®us pollshlng el ements may be
affixed to a suppordoND®ER 1 ApfRkdiicbiEh,) Pahictibkd R0V AFARLHL NY tO vari ous
addi ti onal enbodiinents of the present inventin. ||t wrimidpe under st ood t hat
pol i shing pads adcardihg tolexend ary enbodient s |t he p¥esent| i nvention
need not conpris on!yisubstant:@}'y i denti %4l pol shuuﬁ elenents Thus, for
exanpl e, any contirnatipn—orarrangenmentof %b ouspotisfging el enent s and
non- por ous polishing eiemenis mays make [up tdegogl urlali Tysoof porous polishing
elenments It will l[also be understgoed that angshunber, coitbi natli on or
arrangenment of porous polishing elenents and substantially nonporous
pol i shing el enents ndyindye tegrbieqd pradtvEimbayailed Bésyiriomand Bxatges N enbodi ments to
forma p0| i Shliong lfaﬁidab‘h'a%.ﬂiﬂglal porous and optionally, nonporous polishing elements may be

affixed to a support layer to provide polishing pads according to various additional

o

I'

embodiments of the present invention. It will be understood that polishing pads according
to exemplary embodiments the present invention need not comprise only substantially
identical polishing elements. Thus, for example, any combination or arrangement of

15 porous polishing elements and non-porous polishing elements may make up the plurality
of porous polishing elements. It will also be understood that any number, combination or
arrangement of porous polishing elements and substantially nonporous polishing elements
may be used advantageously in certain embodiments to form a polishing pad having
floating polishing elements bonded to a support layer.

20 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

25 back-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
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floating polishing elenents bonded to a support layer. In one particularly
advant ageous enbodinent illustrating a unitary polishing pad, a

mul ti - cawoyoralos42oay be provided with a back-fill chanpemr,uSadvensgios2 each
cavity corresponds to a polishing element. A plurality of polishing

el enments, which may include porous polishing elenments and nonporous
polishing el enent as descri bed herein, may be forned by injection nolding a
suitable polynmer nelt into the multi-cavity nold, and back-filling the
back-fill chanmber with the sane polyner nelt or another polyner nelt to
forma support |ayer The polishing elenents remain affixed to the support

| ayer uponcooling of the nold, thereby formng a plurality of polishing

el enents as a unitary sheet of polishing elenents with the support |ayer
Ref erence throughout this specification to "one enbodi nent”, "certain
enbodi nents", "one or nore enbodi nents" or "an enbodi nent”, whether or not
i ncl udi ng t he t erdnlitexXeaqldahyeby fpmecatiang ofbligning eénnts'entdiddisiveit ", neans t hat
a particul ar featpfiBng Bhdnld GlinileBuppotBlLr i al, or characteristic described in

connection with the %@&%tﬁ&&kmhﬁspeJI}QJnkhq(@qneeQboé}&en! eagl, one enbodi nent  of
the certain exenpl rﬁ?% §d|nent ent i nvention Thus, the
se

t he
appear ances of th¥& e%ﬁ@ﬁ“%%”“ﬁh mWImeP@egﬁﬁgﬁlnents" "in
certai n enbodf® nerft‘“%‘dmgthelt"l‘i“ G’Ff'@l’l%fﬁﬁ‘ih%ﬁfm Froodiment”. PP HENt " i n vari ous
pl aces t hr oughout feautyi sgucgpeeicfal. cralfepamsiafeerindin cnegesg@me impodmefter ri ng to t he
sanme enbodi ment of indud@ inG:EEakt are BnbBX AT B Yiiaie BaahRRiSn@hr tiche pr esent

i nvention Furt herﬂmermenventlaem@mpﬁ;yin@es ofth@aataum&,as SlofdCh s, materials, or

characteristics rn¥ dlments 1rnth)t=,I r;lnee(rjnbodlmen?snym on embo 1meet mgane bo!ilri;llen ne or nore
enbodi ments Wil e t jeci 11 catl on has descriped | etall certain

exenpl ary enbddi n‘@‘i‘i‘f‘ssplace ?‘TOW‘T“FMB%"”%\“}?)B? BErteyy F?%F“gttﬁ%essg“es killed in the
art, upon attaln|%@mﬁwn&Hﬁé*%&%ﬁﬁ@ﬁg“ﬁﬁ“ﬁﬁémf@%@g@@ﬁﬁfmﬁﬁvm¥eadlIy concei ve
of alterations t Othe pordlrdideiiensucaifes, magiels, gQuiavaibtientasbetanbinlésey enbodi nent s
Accordingly, it sdieulalansosensiwashedat this disclosure is not to be

unduly limted to th%mhth&&&ﬁ%ﬁMﬁk&ﬁ@ﬁﬂkgﬁ%h§eéﬁ&mJﬁé&thﬁ¥e'nabove I'n
particul ar, as use ranges by endpoints

of .
is intended t9 i nc bea}gremeﬁq’thattchngsskllledcmtElebart uﬁc_)ggftalmngtaﬂun er<taf_1lcf’iligor Snge (e g1ltob
includes 1, 1 5, ™esoige mpayreaddy °°3°e18‘6’fa“2fa“°‘5f?dva‘5&)l°“7"rfra'éfd‘éii‘l“fl?nﬁf?thesél | nunbers used
herein are assuneﬁwWGW@%AW@@N&M@@WE?ﬂ@hEM®QWNWda%w%WSMWRWthernDre al
publ i cations and ypatyentes tolthe flergncachdhersai fartharrenbaac orppodiat @ cedy ref er ence
herein, the recitation of numerical ranges by endpoints is intended to include all numbers

20 subsumed within that range (e.g. 1to 5includes 1, 1.5,2,2.75, 3, 3.80, 4, and 5). In

7777777777

addition, all numbers used herein are assumed to be modified by the term 'about'.
Furthermore, all publications and patents referenced herein are incorporated by reference
in their entirety to the same extent as if each individual publication or patent was
specifically and individually indicated to be incorporated by reference.

25 Various exemplary embodiments have been described. These and other

embodiments are within the scope of the following claims.
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intheir entirety to the same extent as if each individual publication or
patent was specifically and individually indicated to be incorporated by

r ef er encew@aniomwss2exenpl ary enbodi nents have been descr ipbediStiessioand ot her
enbodi nents are within the scope of the follow ng clainmsCLAIMS 1. A
pol i shing pad conprising a plurality of polishing elenents, each of the
polishing el enents bonded to a najor side of a support |layer so as to
restrict ChA®M®: 5 novenent of the polishing el ements with respect to one
or nore of the other polishing el enents, but renmaining noveable in an axis
substantially normal to a polishing surface of the polishing elenments. 2 .
A polishing pad comppbkshivg Padsdopip@isingl aapleralitiefi podiskeing elegient¥p¢aeh ofitke and a
[ O second mmj or side gpposite the first major side, and a plurality of

pol i shi ngPoliPling glegreptspaded & a major pife of frayrportdavss sops toesteaidpsral | ayer,
wheregin LSl -8l . ishi r - and
whoroi n (G BT oh Y Phe HEE ER OF ekt oe Sl PR,
support |dgmentgbongnairfing stoveibl @t ancaxissaub sthatid] iyaldryalnorarpalisiog simackiof st

maj or sidg. QS 3. Thelﬁolishing pad of claim 2, wherein each polishing

el ement i8¢ BiiEe t'He first nmjor side of the support |ayer without use
of an adhesive. 4 . The polishing pad of claim3, further conprising a
guide plate including a O plurality of apertures extending through the

gui de plate frlom a 4 ipplshimgpaskcomprisage wppert beyeohayingg brst suardraks,andiaer ei n
at |east a rtLon.ﬁf eaca o%ishin eleneat extends into a corresponding
ape# ure,>® el EfhoRye eB§|F“HPﬂ r%ﬁ%ﬁ@ t extends outwardly fromthe

second maj or surf acepl@falityher fiiskiag pleatedts HoRd&l t.otI[@ﬁrs@aiaL&md@gafw of claim
4, wherein a portion of each polishing el enment passes t

i ol s through the
cor r esporfdPPRjt lyen teeein gach ppHghipg pliegitniniys sa @xpasee paki yhing wﬁ%@wﬁlﬁ each

pol i shing el enent f . i qﬂﬁp i.shLng .. t is
affixed to the firgﬁﬁﬁéf8&9@?§gng%ﬂ§#%§%§%%ﬁt 0 t@ﬁ%k?%hﬁgﬁgégggﬁding
fl ange t cuppet Byppaoig 4 fyedirdction Bhestniallg hbrgal pachedirstchajonside. wherei n t he

gui de plate conprises a polyner, a copolyner, a polyner blend, a polyner
co site, or conbinations thereof.

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

the first major side of the support layer without use of an adhesive.

4. The polishing pad of claim 3, further comprising a guide plate including a

20 plurality of apertures extending through the guide plate from a first major surface to a
second major surface, wherein at least a portion of each polishing element extends into a
corresponding aperture, and wherein each polishing element extends outwardly from the

second major surface of the guide plate.

25 5. The polishing pad of claim 4, wherein a portion of each polishing element

passes through the corresponding aperture.
6. The polishing pad of claim 4, wherein each polishing element has a flange,

and wherein each polishing element is affixed to the first major side by engagement of the

30 corresponding flange to the support layer.
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8 . The polishing pad of claim2, wherein the guide plate maintains the 5
orientation of the polishing elenents along the first direction, while

al | owi ng wbeopalopehi ng el ements to i ndependently transl aCe/tsbangstode fir st
direction with respect to the guide plate 9 . The polishing pad of claim 2,
further conprising a polishing conposition distribution |ayer covering at

| east a portion of the first major surface of the guide plate. 10. The

pol i shing pad %f clHierholishing padhef claignprividreig the pode platerrympoispospelymar,

di stributjo r ver | t | 1 £, j i de of the
support I%§)Pt%%%ia§ﬁ%ﬁﬁ%@?% ﬁﬁﬁﬁggﬁwgyﬁﬁ%%?ﬁ?@gg?£Q§¥H3%%%g?n each
polishing elenent extends 5 along the first direction at |east about 0.25
nm above a plane including the polishing conmposition distributjon |ayer.

12. The polisH-ng pH rolislipgipad of Jrim § Whgieipdhgaude platesnaigisis the t he
polishin Ls.hi f now, th : ace of
Phe. Dol | ShnCg oS E: Lo it SRy WrkSiop il ATy R ARSI, 0t

cl ai m 9 adeniéhts whedgiendaitlylteasihtesabone tbé fitsh dirpal anshitnggsgdee tretht guidapéate.
pol i shing surfaces recessed bel ow an exposed surface of the polishing
conposition distribution |ayer. >5 14. The polishing pad of claim12 or 13,
wherein the pgishifg @Bﬁ%bﬁdQﬁdQhﬁiHhHH&%%Hq%@M@%¢ﬁM§th%6&p§ﬂﬁ&pradab'e
mat eri al having a hardness Tess than a hardness of the polishing el ements.
>0 15. Thistpbittanhiayey cpeaetingfat d¢asi aw@tion ofithe fiktanapmnsurface plothe ghidaglate.
conﬂﬁzition di stribution | ayer conprises at |east one hydrophilic

pol yher.16. The polishing pad of claim9 or 10, wherein the polishing
conposi tion diskri brie @iishiay hd 6OETRIN $SartBerf @aiPrisihg.a poishigkbmpodigopad
according to any one of clainms 1, 2, 9, or 10, further 5 conprising a

conpl i antdistaetrondpyeneerering at irassapiispr of tipanajerside of the sunpeBdates t he maj or
side of the support |ayer and the polishing elenents. 18. The polishing pad
of claim 17, wherein the conpliant layer is affixed to the support |ayer by
an adhesi ve | ayler &@Eheglistihgphdickclbiat vee ho,twierdorpdh pilishinggsmeanektedds [ O

support | ayer . : : o
pPS a?gng the first direction at least about 0.25 mm above a plane including the polishing

composition distribution layer.

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

20 composition distribution layer.

13. The polishing pad of claim 9 or 10, wherein at least some of the polishing
elements have polishing surfaces recessed below an exposed surface of the polishing

composition distribution layer.

’5
14. The polishing pad of claim 12 or 13, wherein the polishing composition
distribution layer comprises an abradable material having a hardness less than a hardness
of the polishing elements.
30 15. The polishing pad of claim 9 or 10, wherein the polishing composition

distribution layer comprises at least one hydrophilic polymer.

-37-



19. The polishing pad of claim 17, wherein the conpliant |ayer conprises
polyneric material selected fromsilicone, natural rubber,

st yr ene- bawbadiognes2oubber, neoprene, pol yuret hane, pol yetroylusoe9/ oared2

conbi nations thereof. [5 20. The polishing pad of claim9 or 10, wherein a
conpliance of the polishing conposition distribution |layer is |less than a
compliance of the conpliant |ayer. 21. The polishing pad of claim17,

further conpril$ ng Bhemotisking pasehdpin 9er O, adiesein the pdipbing gpmpgsdon o t he

conpl i ant . 1 sl the plurality of polishing elements. 22. The
polishinéh%ﬁ%ﬁggggggfﬁéﬁpggéHﬁa%he of claims 1, 2, 9, or 10, wherein each
polishing el enent extends along the first direction at |east about 0.25 mm
above a plane including the support |ayer. >5 23, TheﬁPoIishing

) . ) pad
according to anfy onkhegiolighigg pad accopdingyo agpy ong of glaepei.rv- &t o Kadirthshe of the

ol ishin ent.s AL r LS Lo
pol 1o L FERRILS AR 563 e el DBblE 80Pk STE ool Biehin P36t
pol i shi ngpfpladsupponialiengnd the pbhshim@P8emetwser ei n substantially all of the

polishing el ements are porous polishing el enents.25. The polishing pad
according to claim 23, wherein the pores conprising each porous polishing

el ement. are di st ri bt it PO aBHPRLARKALLARTLY &8s POEOIR he

polishing elenment. 5 The polishing pad according to claim 23, wherein
at | east sappwt tayerbyodn athesive biyesttiangntetfadechoevesorthe coreplianhkaypt andathe t y  of

por ¢. 27, Iﬁﬁl ol i shing pad of claim 26, wherein the plurality of pores
cong isiﬁﬁp? aggiishing surface conprise a plurality of channels having a
cross-sectional shape [O selected fromthe group consisting of cylindrical,
triangul ar, rectangﬁiar, t rapezoi dal, hem spherical, and conbi nations

thereof. 28. TiHe polhesialigyngaad of clainai mvarrciptherwmpliandagsgomposeseach
channel i - . d i L: 0 | CHOIES, about 7500
m cr omet e‘{rb y&?ﬁ&g llﬂééhqjﬂgeefeg%ﬁi scﬂtl] %lgcélgedﬁ%tﬁ g@ﬁéﬁb#ggy?én%her el %{eﬁﬂfét?er’
Cr 0ss- seateopireat, @iyeactbinegpsliethylene, and combinations thereof.
L5
20. The polishing pad of claim 9 or 10, wherein a compliance of the polishing

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

21.  The polishing pad of claim 17, further comprising a pressure sensitive
20 adhesive layer affixed to the compliant layer opposite the plurality of polishing elements.

22. The polishing pad according to any one of claims 1, 2, 9, or 10, wherein

each polishing element extends along the first direction at least about 0.25 mm above a
plane including the support layer.

23. The polishing pad according to any one of claims 1, 2, 9, or 10, wherein at

2 2 2

least one of the polishing elements comprises a porous polishing element, wherein each

porous polishing element comprises a plurality of pores.

30 24.  The polishing pad according to claim 23, wherein substantially all of the

polishing elements are porous polishing elements.
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channel is fromabout 75 square mcroneters to about 3 x 106 square

m croneters. 30. The polishing pad of claim23, wherein the plurality of
pores compoi2eB®0a20 cl osed cell foam 31. The poli shi ngppadsedoons@sm 23,
wherein the plurality of pores conprises an open cell foam t5 32. The
pol i shing pad of claim 23, wherein the plurality of pores exhibits a

uni nodal distribution of pore size. 33. The polishing pad of claim 23,
wherei n the plairal i'the polisyog ad escerding to dai vlisFan &emrersw@mp@@@ﬁt 1
nanonet er e T I im33,
wher ei n tﬁ&l?g?\%ﬁyf)ol#gpn&%&ﬂg s%e&;(lﬁmBmt%d "ﬁﬁo ln)%t R%)rs{eaﬁmll ngthg%gtn% O%Lfg

m cr onet golitkingbleuienb0 m cronet ers. 35. The pollshlng pad of cIa|n123,
wherein the polishing elenents are arranged in a two-di nensional array
pattern on the major side of the support |layer. 36. The polishing pad
accogding to o] i ng
eleﬁint i's thggﬁalP@la&ﬂ%ﬁgg?§d$ﬁmahn ggg%nfayer ﬁ%gwn%%tgggﬁﬁgﬁﬁﬁga%ad
accor di ngpdishiagyurbave compabesi ths pliraly oBpores. 10, wherein at | east sonme of the
polishing el enents are selected to have a cross-section, taken in the first
direction, selected fromcircular, elliptical, triangular, square,

rectangul ar, 3Q’Vd t r'ﬁfé%ﬂ%lq V\% pa@oisﬁalm-r@@ vARkdi g Ifﬂertgur@ﬁﬁ/ (ﬁ%@és@oﬁﬂ)rl%fh any one
of clainms 1, 2, 9, erein the plurality of polishing e enents are

f or med asth@p@imhu@rS}arfgh@@ctmmsepmlurghiyng“ cbarmv&has'lr@etchoxsk@cwmbdrapel ayer. [5

39. Jh d f 10 wh
ot 1Tast PRl RHr PR e RS by M 8o i Bnutof waPtrslobari ¢ o
poIyureth@ﬁﬁﬂﬂ@naglMﬁpﬁmﬁ@ﬁ@onpﬂkﬁmfnyl al cohol, or conbinations thereof.

40. The polishing pad according to any one of clalns 1, 2, 9, or 10,
wherein the O polishing el ements have at |east one di nensi on from about 0

.lmmto about OMerhe?ﬁ)jOhP‘I:mggg&)M (ﬁ%ﬁ'ﬂf% mréﬁﬁ%r&gﬁlgofte% Wanﬁﬁqn%e clains

1, 2, 9, or uppor ayer conpris ernDp astic
pol yur et Ffaﬁtedlrecuon is from about 100 micrometers to about 7500 micrometers.
[5
29.  The polishing pad of claim 27, wherein the cross-sectional area of each
channel is from about 75 square micrometers to about 3 x 10° square micrometers.
30. The polishing pad of claim 23, wherein the plurality of pores comprises a
20 closed cell foam.
31 The polishing pad of claim 23, wherein the plurality of pores comprises an
open cell foam.
25 32.  The polishing pad of claim 23, wherein the plurality of pores exhibits a
unimodal distribution of pore size.
33.  The polishing pad of claim 23, wherein the plurality of pores exhibits a
mean pore size from about 1 nanometer to about 100 micrometers.
30

34.  The polishing pad of claim 33, wherein the plurality of pores exhibits a

mean pore size from about 1 micrometer to about 50 micrometers.
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t5 42. The polishing pad according to any one of clainms 1, 2, 9, or 10,
wherein at | east a portion of the polishing el enents conprise abrasive
parti cul ave010489420he pol i shing pad according to any onecwofusedion®s3d, 2, 9,
or 10, wherein the polishing elenents are arranged in a two-di nmensional
array pattern on the major side of i0 the support |ayer.44. The polishing
pad according to any one of clains 1, 2, 9, or 10, wherein at |east one

pol i shing el er®nt iEhetpodiglipapahef claim 23peghepain therpatighipa glestents aae arranged
wherein t. [ i r r . i shi ng pad according
to clai mIE%&\%&E@@#@%glrrasyu%aﬁ%ep?&?gl%éﬁ%}&ﬁ Sr@e (gfﬁfl%lglkbgﬁog[ﬁ I‘éy&'t he pol i shing
conposition distribution |ayer, at |east one polishing elenent, or a

conbi nation thereof is transparent. 0 47. The polishing pad according to
clai m 18, wher¥in tHe noliphag pad ageerding fpeany anget ﬁllali’fl%}azt? Reoiold). mdisTey

compost t1ah BoinhfreUbhan if A¥Ehan RRIEOIPLE dinctd¥ ., the adhesive, layer,

at |l east one polishing element, “or a conbl nation ereof is transparent.

48. A nethod of using a polishing pad conprising: [5 contacting a surface

of a substrate with_a pali.shing surface of a paljshi ad according to any
e of ol el e Tt o W TNSHaE POLRSHORLRE e BErkam ho Sagr 0 eiitfece to
the substipat eoh®otfE PIBsHiNEISMEARGR Riectcdqo BMRSE EBbLsecRoft Yakeh i t¥EIOd Of

claim48, further conprising providing a polishing conposition to an
i nt er f acelitsetiom eelecthd fiool ¢irdulangelippitbal G dngokar caquatchecogdan, andtrapezdidele. 50,
A hod of making a polishing pad conprising: formng a plurality of
polishing elenents; 5 bonding the polishing elenents to a support layer to

form a polishiysy parhedasiokidl PEd h@ordiNg A yQne ©f dlalfhs L £ 0, 4710, Sherelh@ienet hod
of claim50, further conprising arranging the plurality of polishin

el enent s Alyralitygdtpoliping elemeatstafeionipd 9s HomeAm ghachal kaéls?‘/lélﬁieiﬂgn@ltse‘ﬁﬁlﬁgﬁ to
the >0 squg&&mggyer.Sz. The nmethod of claim51, wherein at | east a portion
of the po I'ng el enents conprise porous polishing el enents.

5 39. The polishing pad according to any one of claims 1, 2, 9, or 10 wherein at

2 2 2

least a portion of the polishing elements comprise a thermoplastic polyurethane, a

polyacrylate, polyvinyl alcohol, or combinations thereof.

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

2 2 2

20 polishing elements have at least one dimension from about 0.1 mm to about 30 mm.

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

2 2 2

support layer comprises a thermoplastic polyurethane

!5 42. The polishing pad according to any one of claims 1, 2, 9, or 10, wherein at

2 2 2

least a portion of the polishing elements comprise abrasive particulates.

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

2 2 2

polishing elements are arranged in a two-dimensional array pattern on the major side of

30 the support layer.
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53. The nethod according to claimb52, wherein at |east sonme of the
polishing 5 el enments conprise substantially non-porous polishing el enents.
54. The mwOhot/mwH420] ai m 52, wherei n the porous pol i shi ngCeluspeansioaz e
formed by injection nolding of a gas saturated polyner nelt, injection

nol ding of a reactive m xture that evolves a gas upon reaction to forma
pol ynmer, injection nolding of a mxture [O conprising a polyner dissolved
in a supercrit4dcal Ywpolishipgpad wordyngltqmﬂyome@fﬁham%%el 8f ofj %33 Bl 8 e

poIyners&&%t8m§&%%3ﬁ%%%&g%gﬁg&ﬁﬁ ﬂg&ging of porous thernoset particul ates
ernopl astic po

di spersed’in a p nmer, and conbi nations thereof. 55. The

nmet hod of claim52, wherein the porous polyner elenments conprise [5 pores
formed substantially at a polishing surface of the porous polishing

el enent. 56. The netlkdwlishingpad ph daim gherherein theesuppere by sy is tRBFIREN by

i njection nolding, calendaring, nechanical drilling, laser drilling, needle

punchi ng, gas dispersion foam ng, chem cal processing, and conbi nations
t hereof . >0 576. Thellegicheking pedactiondting ® dhian 1, svheranh éresuppat lagagiheg t he

plurality o ol i shing el enents.in ttern conprises arrangi t he

ol | ahi nadeallain B pRT e praesis on BBy R PR Sk S BPLSEMELGR ¢ he
support | 2xekbinA (RQBH i8ahhQARn} hereof . 5 58. The nethod according to

cl ai m 50, wherein bonding the polishing elenents to the support |ayer

conprises thernmal bonding, actinic radiation bonding, adhesive bonding, and
COHJ% nations till.e r eolf‘h'e polishing pad according to claim 18, 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.

48. A method of using a polishing pad comprising:
|5 contacting a surface of a substrate with a polishing surface of a polishing
pad according to any one of claims 1 to 47,
relatively moving the polishing pad with respect to the substrate to abrade

the surface of the substrate.

20 49. The method of claim 48, further comprising providing a polishing

composition to an interface between the polishing pad surface and the substrate surface.

50. A method of making a polishing pad comprising:
forming a plurality of polishing elements;
'S bonding the polishing elements to a support layer to form a polishing pad

according to any one of claims 1 to 47,
51. The method of claim 50, further comprising arranging the plurality of

polishing elements in a pattern before thermally bonding the polishing elements to the

30 support layer.
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52.  The method of claim 51, wherein at least a portion of the polishing

elements comprise porous polishing elements.

53.  The method according to claim 52, wherein at least some of the polishing

elements comprise substantially non-porous polishing elements.

54. The method of claim 52, 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

dispersed in a thermoplastic polymer, and combinations thereof.

55. The method of claim 52, wherein the porous polymer elements comprise

pores formed substantially at a polishing surface of the porous polishing element.

56. The method of claim 55, wherein the pores are formed by injection
molding, calendaring, mechanical drilling, laser drilling, needle punching, gas dispersion

foaming, chemical processing, and combinations thereof.

57. The method according to claim 51, wherein arranging the plurality of
polishing elements in a pattern comprises arranging the polishing elements in a template,

arranging the polishing elements on the support layer, and combinations thereof.
58. The method according to claim 50, wherein bonding the polishing elements

to the support layer comprises thermal bonding, actinic radiation bonding, adhesive

bonding, and combinations thereof.
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