64462W003 POLI SH NG PAD W TH FLOATI NG ELEMENTS AND METHOD OF MAKI NG
AND USI NG THE SAME CROSS REFERENCE TO RELATED APPLI CATION 5 This
application clains the benefit of U S. Provisional Patent Aﬁf' i cation
No. 611081W83410/0094284 July 18, 2008, the disclosure of RATERPY051032

i ncorporated by reference herein inits entirety. TECHNI CAL FI ELD
10The present disclosure relates to polishing pads with floating
polishing elenents, and to nmethods of maki ng and using such polishing
pads in a polishing process, for exanple, in a chem cal nechani cal

pl anari zati on process. BACKGROUND 15During the manufacture of

sem conductor devices and integrated circuits, silicon wafers are
iteratively pro?f‘é‘s%’é’%?? t hrough a series of dep05| tion and etching
steps to formoverlying material |ayers and device structures. A

pol i shing techni que known as chem cal mnechani cal planarization (CWVP)
may be used to renove S“”?{ﬁﬁsxf&éﬁ%‘%m’f’ﬁk dA’f'ch-(E -9&1@5 bunps, areas of
unequal el evation, troughs ip, a1d oh LENCTIES ) g_after the

deposi tion 20 and et chi ng*t&% ’ A 2¥5f obtaining a
snmoot h wafer surface w thout scratches or depreSS| ons (known as

di shing), w th high unifofReSSREEERENSFSTARFBATEI AFPLICARIORCE. In a
typical CMP pobi shi NgTHREEES slaind 16 bhikGior @S, BoG:tdPas Adicaier | s pressed
agai nst and r el at i /61 Yo1 Y R 18Mobdind RIPRGE wikeis BeoRPHidasiHieBgeePad in the
presence of a working, li.gii,d 25 that is typically a slurry of
abrasive particles in water and/or an etching chem stry. Various CW
pol i shing pads for use with abrasiegsabAlfit§s have been di scl osed,

for ex arrpl €, S Pat 16' € p %%nédlélbhg:grelh é;ogbhahﬁg ?/ag jm@ k? p@ﬁ b}:lLl'!g clbrchr)fnts

6, 899, 598 B2; and 7,2 s are also
known, as exenpl | faf‘dé?ijS meking g5y psing pg%"”@@@‘“&“@%mﬁ%p&fsg%{/\hl ch the
abrasi ve particl e<™@peingehalpeppicplphrapationgopsie sur f ace of the pad,
often in the form of 30precisely shaped abrasive conposites extending
fromthe pad surface. Recentl pad having a multiplicity.
of polishing éfenent sDe%&‘@ﬁm"%@““f"FW"&’“%ﬁ*?ﬁ?“e%‘é‘l‘%{a’édfﬁ"r‘\‘tffe‘f*‘F%yer and
affi xed to the undeifeksyeierntygly mooged titeshplsaitsef dypasiionhadehinglyierd toform

WO 2006057714, Al tdxayglmataiamiydandbakct @licyireO s pdlithnj; BdhdifigknpPadksheaic£ known
and used, the art m.GoflbiRkesiol@S a8k RQW @B skdPEQued.spakisshi ng pads

for CWP, particul aD(uLpY r'eanF ualQEv?rBr?&ﬁ&? an?@quhg) an@{nQEa'h rq\!a &pogﬁoﬁmt ers are

bei ng used or ere ess and

t n
pol i shing uni for maf'decm mps Mthmeobéeémg% SurfacFM% ne exenpl ary
enbodi nment, the pr%’ﬁ‘éﬁf”d‘d’f“%‘&‘fs&%cﬁ?@d‘d’é‘%’c"?"i‘ﬁ%‘é‘“‘%’“’ﬁ‘baf'l’séﬁi A pad
conprising a plurdtfeey of polishing el enents, each of the polishing
el enents bonded to a s@pperqwlpawgprs@s,asbslra@sucl&swarcosprdsmamnal novenment
of the polishing ehe oy S0 il refp@SPEBIshidsPad IR peEncdBDd rkf liglie ot her

pol i shing el engnt Syatilipficaly RIRY HodRQVFRURAD s cdhdor ARciY LrSmidkPiREs 1O

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 sutface of the pad, often in the form of

30 precisely shaped abrasive composiles exiending from the pad surface. Recently, a
polishing pad having a multiplicity of polishing elements extending from & 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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10a polishing surface of the polishing elenents. In certain exenplary
enbodi nents, the polishing elenments are thermally bonded to the
support |a ﬁr. In sonme exenplary enbodi nents, at |east a gortion of

t he polish &GHW@%EHts conpri se porous polishing el emenfST/USHEIP3032
addi tional enbodinments, at |east a surface of each porous polishing
el ement conprises a plurality of pores, 151n sone particul ar

enbodi nents of porous polishing el enents, the pores nay be

di stributed throughout substantially the entire porous polishing
element. In other particular enbodi mrents of porous polishing

el ements, the pores may be distributed substantially at the polishing
surface of the elenent. In certain exenplary enbodi nents, the pores
distributed substantially at the polishing surface of the el enent
conprise a 20plurality of channels having a cross-sectional shape

sel ected from the gigun. GONYLALIGs Qoiismﬁgyp'a;agéﬂmcp%mwc@fagul ar,

rectangul ar, trapezol e erica nd conbi nati ons thereof.

I n anot her exenpl anrmcessésr%ééﬂ?%ﬁt%i,emfeﬁém%‘P%“ssfgﬁf“’hﬁffl‘é%‘frp‘é%?fév describes a
pol i shing pad conptfe&ilmadedigpbritmriyyerefdyi ng a first nmajor side
and a second mgjor side opposite the first major side, and a
plurality of p8| i shing el enents a_ffi??gﬂ’”t"(’f_ the first major side of

t he 25support | ayer, %WW’@PW“’F’WE"‘*'%‘F»Ihgq‘ﬁsqq’d‘s@“@ﬁ@ﬁ‘?%“@%iméj’ fromthe
first major side oPmprifingzgulipofrlisiingylerntgntadgnifhegolifhing gdmenthibonded toiron
substanti al | y nor nsdporti@er toago festrictSdteralolvadiknt & thel@lishibelleG0tE bidkekpece €Npl ary
enbodi nents, the paldsdd B BEGHBNE SenBisGoud:RRRNR ol M1 RANEB fhetao t hE

support layer .ol N SO SXEIR hloXsif TR TRRLS exearylcfRGhen@ mPOT t i ON Of
t he polishing elerrenés C enents, and in

. onprise rous polishing el
addi ti onal enbodi Meh ’_r?,clc“éqpalméhégflpygmgcgfrw g%‘(’é"’“g?yc"e%(s:"ﬁw?ﬁ"ﬁ%?fous pol i shi ng
el enent conpri ses BCPMEt E §Popipn HBTrEEhine FpmeRARP 5 BY S PRty
ermbodi ment s of pordsuts i ddionksmiefinprsgtiast a pifee ofye paouspalihinge
di stri buted throughoutwemigstrlntiy dbdey t he entire porous polishing
el ement. I n other panitsén@ pdrigwiar ¥R ERICS polithigelPaiis QR pbiB Yaylbe
di stributed subst agibuh hfugl slbBriadeleBiRibAgs SukfeacRnoh obdhe el enents.

|0 some exenplary ABRdLIRARSorpdl1CooRRl Sl B Lol RhuRRSt antial 1y at

t he polishing surfsahce ri.se a plura limgixengf channel s
having a cross-sect

.Qf the elenent C

f%‘ﬁ‘gfafé?f’ﬁlﬁ}gngsslgf?cé%ftﬂ‘ éfge, TR O dBHEi sti ng of
cylindrical, triarfffarsrsibspladiaiiis byroitine sus® heament WaWiedpheri cal ,
and conbi nati GAs trpefiteesphannels having a crgsyfeciongl ghppe elated Borghrgiomegpsitigodi nent, a
met hod of maki ng avpdicl, shrisrig rqadul, Sapppidl bedigtisricat, ime cotalirodbecdnpr i si ng
formng a plurality ofnapébikshiRGmelieaend pfsentdift@sul addbenpotskig p4a0l | Shi ng
el ements to a SUPRGHhisids Y6 laykrRav@iHst .&fsegmhnass\émﬁma&dam@a&m bondi ng
the polishing el ermsn;aﬁ,rgadg&dbg AR o RRL B U b3 f&k el
bonding, actinjc radiation 111:50[?-' ng, .adhesive Qndtl H%,“an
combi nati ons tRher €GP0 Ve P Re BTERSTATY "D BT HERY™, the met hod
further conprises “PYFAHGHHE? FhE~HraParitsropt odefiFopr sty Brefents in a
pattern before borrsmplgy srhesiments hepplishing clesjesyre thersally bpndedtetsunrdye. | ayer .
I n certain exenpl drymendnody mbrinsgts, @lkdsta prgfiong thé faigshigglelemeath dodpyise0f
pol i shi ng el enment Sobud palishPPdch@is AndGORR kSR Godiaénts ANEGH Nrtdieeaqol 1 Shi ng
el ements in aspe @ggdighﬁggegg%ﬂgse;a@tugﬁygfu,egshi ng el ements on the
support ! ayer, an Com$m@93tmlcu aptasmbgdr}nee{tsecnpgofous poﬁllsm(r:lg erletén%lts,r{he pores may be

distributed throughout substantially the entire porous polishing element. In other
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enbodi ments, at least a portion of the polishing elenments conprise
porous polishing elenents. In sone additional enbodinents, at |east a
portion of the polishing el enents conprise substantiall non-Porpus
polishing‘wpéﬂw 201 sone particul ar exenpl ary enbodiﬁ@ﬂ@§?”?ﬁ%mﬂ
met hod i ncl udes form ng porous 20polishing el ements by injection

nol ding of a gas saturated polyner nelt, injection nolding of a
reactive mxture that evolves a gas upon reaction to forma pol yner,
injection nmolding of a mxture conprising a polymer dissolved in a
supercritical gas, injection nolding of a m xture of inconpatible
polymers in a solvent, injection nolding of porous thernoset
particul ates dispersed in a thernoplastic polyner, and conbi nati ons
25t her eof . In an additional exenplary enbodi ment, the present
disclosure is directed to a nethod of using a polishing pad as

descri bed above in,a 2Qd.s0hA%, po;ep&a(;&smstﬁéug&ug?n}@ﬁ?ﬁgp%fgggii(%@g

contacting a surfa f a substrate I Sk rface of a
pol i shing pad conﬁ%?gﬁﬁamén%Tﬁ?%ﬁf¥?m%wmﬁﬁw&gﬁﬁﬁ""%ﬁgﬁ%ﬁlgnthernalIy
bonded to a suppor'ePrigirapceghty SspmePrapiies Bygv AGHMREE%e pol i shing pad
with respect to tHesssestrsd thapt electedyiromithe arohp copiipens sligrlidieskripfula he substrate.
I n sone exenpl ary renigodimenitis pendipherc@ asitcortingior hirgh of t he pol i shing

el ements conpri se por GuSutRakdnpilt Rodtde® ARARLS of mBdhGa fokdnike@iatsal N

enbodi ments, at | §asSitiedGhe mSMl Joﬂ&i@ng@cfmi%?lbra}%f;in&ﬁng@@xlleh@L}l'dgb;gdixﬁl ement
comprises 2 plur al 44,0l «BOLES uphdl 108 NEEnEXSI Al ENROHRNC S, 2
wor king |iquid may be p OV|5§ an |n1er¥a?e _etween_tﬁe pol i shi ng
pad surface and tH&"SHESIPHE & WHYYET & ER &HPY Kpyr=afubHiient s of
pol i shi ng pads'®haVPHe pargdedipert SRRy “drefent s° 5according to the
present discl osure halreomy gemrirysmifodipdny the getpffrber e rergrgthé cs t hat
enabl e their use ipwrabey sfadlishidg gfemenfs inp @duirstatomr tpadiip Pk dolishibg elomsts to el SOME
presently preferr ah@dodh AReEnpRQhbERRArrp@d te @ity BRoigsENt

di scl osure may be RALL G b cbipriddBldngifitle bBGind Rbnents RE WA MBGH NI Cal

pl anar I zation 1@ C!VI?LI}e {gifshinwgim%ﬁ Son t&ilessg gortll ner,%@éilnfbiﬁiﬁgnyture@glnlceggil? ar at ed.
circuits and semicopductor devices, Th. certaln exenplar enbodi nent s,
t he polishing pad‘H%@Ewﬁﬂgﬁ“fWmTUT%PQEHF§EV@?ﬂW@“ﬁ%@ﬁﬁ? ¥i de sone or
all of the fol | ow ge&di Rt adiew! cmbodiments. at Iy ¢ Pogigneoff pelishing plemspinyp

exenpl ary enbodi nmesprirgse substapigllyinepkpprprg pofishids semedr di Nng t o t he present

di scl osure may act t ombeéteb®iuls @tniiaf ergoodivgtitk in¥gpthbd iguidetforizggdoisn t he CVP
process at theoi ntwisfiacendned WRah iy @ Odad ssbldd gonmtnbias@i@f the pad and

t he supstrate SUVﬂﬁﬁﬁgQﬁkﬁﬂmﬁgLéﬁ£§9wmﬁgﬁ&ﬁﬁ¥mbﬁﬁ£ﬁ%hﬂﬁnFhe
ef fectiveness of the.

working ljiquid. in au ngin ol .1 shin
Tsother " oxenpl ary Aesed i by b BB T AR Borgidlac | 0
present disclosurémﬁﬁﬁmW®HﬁEQ”8??éFWﬁWHEP%m%?ﬁﬁ?W@“§ﬁ87‘Wm%ﬁge
erosi on of the waff@Ps SePPEapaiodisdprgedioItiewphlapigpolymer, and cpmiingipns t her
exenpl ary enbddi memtesf, use of a polishing pad with porous el enents
accordi ng to the presentddiogCdaplhy Gnbsibinfite ikt dispés@ciedsdemga of | ar ger
di aneter wafers Whiche ofd@hdipakbuh Agastidd@oel RO ink plndgtLonafngaur f ace
uniformty to obt acbrﬂ:riﬂg%tacgﬁla erféééc?!iQbstra@%%&ﬁi@&r&gpoqgpoﬁ@ﬁg%adwaf ers

before conditioni I’}: p%gingtélQsaliggl%olghlijn%]:ﬂeafn%ﬁs tlllcﬁnalg%glgcgga!sugpolg)lgygr?al;ld to maintain

30 relatively moving the polishing pad with respect to the substrate to abrade the surface of

In

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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polishing uniformty of the wafer surfaces, or reducing process tinme
and wear on the pad conditioner. In certain enbodi nents, CWMP pads
wth por oug, g elenents may al so offer the benefi

advantages t%ﬁ‘%ﬂtlonal CWP pads havi ng surface textﬁ%@%ggﬁ%ﬁﬂﬁg
gr ooves, but may be manufactured nore reproducibly at a | ower cost.

I n additional 25enbodi nents, bonding of the polishing elenents to the
support layer may elimnate the need to use a guide plate to affix
the elenments to the support |ayer. Various aspects and advant ages of
exenpl ary enbodi nents of the disclosure have been sunmari zed. The
above Summary is not intended to describe each illustrated enbodi nent
or every inplenentation of the present certain exenplary enbodi nents
of the 30present invention. The Draw ngs and the Detail ed Description
that follow nore particularly exenplify certain preferred enbodi nents

using the princi plsﬁﬁceqfe&s;lmqlﬁsqmemeﬁ mmprﬁBL ﬁFahpEf%S;@' Imep'\' OF DRAW NGS
Exenpl ary enbodi ne E.«.Q%r descri bed

with reference to ?W@a%embomma G #Oi'&g’q%‘gmay mwgd R 'ﬁﬁe beg’f I's a side
view of a pollshlﬁﬁ“ﬁ%d”H%@?ﬂﬁm?W%ﬁﬁﬂﬂﬁepoI|sh|ng el enents bonded 5to
a support |ayer accor 8fcrepntegboginiests ehegiphing epdsiavisprpprsehireliging kit he

di scl osure. 5 accpilli6l to 1 pregnt discjud Bavarer@vy fabresandplplaites ftigsihg eplded  havi ng
floating polishi nghelemnentis JnonalRtmrtiaion. Bppedulpayes cdithacl udi ng a
gui de pl ate accor diRGnelhRs RN d:BItis @XM 1@ bMicAAPRA LB RE ch@fcat hE

di scl osure. mechamcall;::ILnguaﬁgrﬁCﬂ/ﬂ% o@vafprgtrse%&%&u}'a&%ug\ﬂne%%(edq rcm@ a1 errpl ate

wi th polishing el ene abrlcatlng

qem:con uctor ({e¥|ce% %cgtam exem Ia cn%an]tme% Hmlﬁhuﬁtpad d?sc {xeﬁ

a polishing pad accor

di scl osure. 10 ‘h"'lff“@“r?%y i”%"""as"‘t‘%’ba“\‘) “@\R}‘I‘B‘f“gé""”f“éﬁ‘ibl ate with polishing
el ements arranged in Eorpraepedy imapsapiin empimprgpinrilicing peAgreogiinpe bt shi ng pad

accordi ng to one earsmdkduye mamoodeteedain 2 @fkideligiddiedic thoBPrecesiB| G 4 i s

a perspective Vi evik@hce B ihOpbSshiftRhriad Bt ghd € @ERMrateRAME RYg @IisRDI OUS

pol i shing surface ReGMHEhRGhLRRAQL PEL W AREMRL AL¥SRAPRELERt Of the

di scl osure. f 15 | othg‘ e)ghxp]#y eln§od1§len§ g sh}ﬂ; ﬁx\écgjdmﬁgthee;%e% ilscﬁigu)é ?O n d: ng hi
:‘Pgﬁ;ﬁz gst (L)IS: guppr%?cte orlelg‘nmétr@ lShm and/or edfﬁe eroiloq qu'le r\.Ia‘iei'%%JrfP clurm E%sﬂ%dlpﬁ'e:']ts IOPg
t he discl osure. 20FIGP“@‘?§“3WWFWﬁU@ %ﬁﬁﬁiﬁ&mggqBWbP&F@”ﬁ%bful in
arr angi ng a mul ti Fyxpcprélpgt(ymt@fcbent disclosure may permit processing of larger diameter wafers while

maintaining the required degree of surface uniformity to obtain high chip yield, processing

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 aflix the efements 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 ¢ertain 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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polishing elenments into a pattern before bonding the polishing
el ements to a support layer, and the resulting support |ayer having a

mul tiplici f ed polishing elenents arranged in th

accordi ng ‘t%'g‘ zgwmﬁ%ﬁti onal exenpl ary enbodi nent of the a?y@?wgwg@sz
25FIG 7 is an inmage of the resulting support |ayer having a

mul tiplicity of bonded polishing elenments arranged in the pattern,
according to the enbodi nent of FIG 6. FIG 8 is an inmage of a
pol i shing pad according to yet another exenplary enbodi nent of the

di scl osure, the polishing pad conprising the multiplicity of floating
polishing el ements bonded to the support |ayer according to the
enbodi nent of FIG 7, the 30support |ayer being affixed to a
conpl i ant underl ayer. Li ke reference nunerals in the draw ngs
indicate |ike elenents. The drawi ngs herein are not drawn to scal e,

and in the drawi ngs the compaRgAiss@irih &}@O%mé\lg pads are sized to

enphasi ze sel ect ed fei’-it UI’ embo?m ntsé‘the resenBEs§osur are-Exrt descnbedw:thl n a typical
CWMP slurry process for R er Do & Fl War er possessing a

characteristic toﬁﬁﬁ?&iﬁﬂ‘fﬁ?aﬁp"é‘d“&ﬁ"eﬁwaﬁbnt act Wi t h a polishing pad and
a polishing sol ution EGritsisifeviseofapeliding radtisgoes Leatind paishiped cingiiy banggd

chem stry. |f fthe ywolpstyangopiagte b exgoinylehtaditent of tirdisgpvenonmenon  of

di shing and erosi on nay. 20GGitHviesl bie pdiBing dacha & hidatidd pdshppdemshbagd t he | ow

areas 10on the vafefupd dd R SRR 4 RlcGla@Rcotdd o ndtheP&GhpRY BRSimek: T t he
polishing pad is rohg‘;dgé ol Shi ng and erosion may be greatly reduced,

however, although rig olishin a eousl ield good
within die pl anari zat F[or%Runf"?‘ emg‘te& "“’F"l'%a"’y"""tﬁlfl"\{q %e?% I e 4 1é/at ageously

yi el d poor witflin %‘I“é“?f“‘ﬂi’ﬁ‘ib‘l‘%t}“%ﬁ”f"y ‘“ga*iﬂé“‘t’dd‘g&%‘é‘ﬁ‘aftfﬁ’dm‘é’ﬁf“é&’f whi ch
occurs on the waf ekedigricnet er. This rebound effect results in poor
edge yield and a nar r oW 35NVl ishiktagth plidoessenshraedis s peemaddi t i on,
it may be difficulubehutipmcienelh pddshinlg Bd adokias 1@d d&ihnghimaeass W th a
rigid polishing pagaskecause such pads are sensitive to different

waf er topographi es, apg agmsémpm,tf'pxrﬁugsoﬁs%@gdeﬁmmm p&sﬁe of a pad

conditioner to cre hol ds t he
pol i shing sol uti oﬁﬁ's‘hlrl ”iq"’r‘lcfg?"fd %%%’Ethe”f‘%“p’frﬁ%“h"d’"’fe%? the 5 (Present
disclosure is direct eBOts *fayienoatr ey wpioarasatrseiir ¢ Feted frul t i plicity
of floating poli stendige aenjuitipiipekpolisiing elemdntgten sgppastippy espording g ynaxemplaghi ch i n
vari ous enbodi nentesbodiondnt netisggme of the advant ageous characteristics
of both conplizant andritiseHalimfebnbGlia REyRAAL iWRhobigs a@bitighliat | Ng or
reduci ng some of t @mgma@mmpagﬁmbsﬂm@gﬁr@s&lﬁ&%éetnkn%agfppohta,ee

respective pads. By, desc NG, he.Roliksh nts a fl oati ng"
poli shing el ements dﬁh e% 010 3 E’a% [Lp?“f'&gongedg“ < er§1t means t hat

each of the polisH{Hg & ‘F?’éeﬁltaéc"%gg'?)alo%‘éﬂalfx(")'Xp vETS 'get“ ‘ayer so as to
restrict lateral rf’ﬁ?}‘é‘ﬁ"ent of the polishing elements with respect to
one or nore of?5t he ot AEr? ipoimpes Mithegsuiitcoyreen tager batinge myligsficity ¢ibondgd noveabl e
in an axi s gener alpolighingelEnrmd aringed & thp@ltnsdadodigg 1S chid@eenoff Filse pol i shi ng
el ements. Various exenmplsaayimaRhepbikRiadocdbind dv@: & Gle@gdr € W I | now be
described with embodiment of the disclosure, the polishing pad comprising the multiplicity of floating

polishing clements bonded to the support layer according to the embodiment of F1G. 7, the

30 support layer being affixed to a compliant underlayer.



30 particular reference to the Drawi ngs. Exenpl ary enbodi nents of the
present disclosure may take on various nodifications and alterations
w t hout d rti omthe spirit and scope of the disclosure.  _
Accordingﬁggzbhﬁﬁghﬁo be understood that the enbodinentgggis?ﬂgmﬂmn
present invention are not to be limted to the foll ow ng descri bed
exenpl ary enbodi nents, but are to be controlled by the Iimtations
set forth in the clains and any equivalents thereof. Referring to
FIG 1, an exenplary enbodi mnent of a polishing pad 2 is shown,
5conprising a plurality of polishing elenents 4-4', each of the
polishing el ements 4-4' being bonded to a support layer 10 so as to
restrict |ateral novenent of the polishing elenments 4-4'" with respect
to one or nore of the other polishing elenents 4-4', but remaining
noveabl e in an axis normal to a polishing surface 14 of each

pol ishing el ement 4-4%u. i lREeRah bl Gl 25 SIRRULARD tnd Lt r at ed by

FIG 1, the p0| i Smerggar%lot%gqu s%ale4a- %nmaarmxeﬁnlglesgnqvment?ffrhé nggmtodsa first
maj or side of rho support T’_';‘ay.er_’ ffb,' For %xanp‘f e, by Brect® t her nal
bondi ng to the supffSft FEREr 46« Breby using an adhesi ve. I'n

the particul ar _exenpl ary enbodi nl?r}tA Liml)l)éjs%%r ;it_ltogld by FIG 1, support
layer 10 is affixed to a conpl j ant ™ 1-ayer B]'positi oned on a side
opposite the plurali t§}1aéYPmab‘Erj{B\ls@‘l‘?ipﬁbesséq‘%ﬁfféﬁ?{‘s’é‘“gﬂf‘-"ﬂfer.l’“ﬁf}“%‘her nore, an
optional adhesi ve dampgeistic ppoziny ishybngentatvithapolishteerd ¢ eolishisiyelttieen
conpliant |ayer 1Gomavdsdnhigesigupipodithing dynesy. 1fthe pdBding @hiadonpickh@si ve | ayer
12 may be used to pBnfniedon behihing HEQRG MERpAK duSth TlesoBfad doliRngSHdRRP@EL | ayer 10
tot _hte_ cormldlh apt Icayl%fe;l@mAglmm}ae:cagﬁaéng%aeas?ﬁheqagﬂingFaals ﬁg; iﬁmgﬁl@m
sensitive adhesive,_l. r _ ~conpliant |ayer

OppOSi te t he pl ur af!IIOILI?\X“S}bbf%rQUY l‘%UCﬁCI, PI(OveV Vel’,lafalﬁ% ggld%ﬁlf Z{l'g])f-.l 5 ma be used tO

pol 1 shin enent ,

tenporarily (e.g. ,afivra"éﬁeﬁVé(l’.’)’F{? °° swéd'hf’geé’g‘faﬁz_é“°lb‘6’?ci"¥ﬁ’i’i&}?@“ d2toa
pol i shing pl at en (fittererEhield peorrittin waf unifymiogue ieroupsifestithg appar at us
(not shown in Fl G oequiyonthe wafer perigipr. Fhs ictovraticqprohlis SlpponggecovApé siatrgvon
di stribution layercM poligive griresswiydod | Is@die i vig badlial g deivabea gpblat e for t he
pol i shing el ement Spoifbnidk proceds HiAAElE dolishiibPhal tYcafd ¥oWFhad 2R sdhtia 1o disterefUr 1 NG
Payer 6 ai s di oty pu o g8, ol KAGPAT bt LRl Skl L1 O

y ids distr] hon.. . C L quli . I shing
slurry to the indiﬂ'ﬁ%%om%%V?é rﬁégg#gﬂgﬁfggﬁ?%ﬁ%"%gvﬁgﬁﬂ%sed as a
gui de plate, the ﬁﬁ%?shing conposi tion distribution layer 8 (guide
pl ate) may be Positi ofEaesidivipue s fieded offgorf roéhigerag pitharatidieihefor t | ayer
10 to facilitate diorigargeiivrtmentbotdhido ayippert &yer. phyjch ofvarop kribsdirientyy el enent s
4-4', such that a dbhbingiomemajhOBvaBagéobsai@act@ficsibtveth PapliaG il Mg pgiciPOSi t 1 on
di stribution | ayerpd whigeiniinpdrali@e sbofe ofdle FtodlantbdoR BRakdBsi&ufaRoOr t | ayer
10, and a second MBjke ! b, 3660 m bR in @Jmenﬁmuﬂcqﬁng%aw@!eluegp _
di stribution lﬁyerb.org d((glélllx dog la clr %t Eu)ant }nesan QIQElP?%«!. to]%hirg Ql%mcnt!@ ig S;[1d '(ij or
surface of the pollshin p%ongdswilon i Stri uﬂiqnglayen B ( i
pl ate). The t'b"cﬂ”’lp@%i“’ﬁ 2P SR P PR PSSR W “’Fﬁ“?st maj or
surface of the pol® ¥ Age EBrgeSPising plemditsiurreyinied woreaiednaapisg (gui de
pl ate) along a fi restralitingneatt b pliphis siyBee afte pdidhiogelepegsimal t o the first
maj or side of the supp®ipds cdeaplperemtib@ments §f thpskibssrbriin hwOORIMEd vlith ON
di stribution lsayerpafeubSerethcs @ thl5@nod Fxchpl GRumEimBHis At 1R preded @RIk €F €1 ADI Y,

a pl uralit y of ap%a} e gﬁ*mﬁus%@ﬁc%ﬁ@ M}ld gt@rQions without departing from the spirit and

scope of the disclosure. Accordingly, it is to be understood thal the embodiments of the




5ext endi ng through the polishing conposition distribution [ayer 8
(guide plate). A portion of each polishing elenment 4 extends into a

correspond| ture 6. Thus, the plurality of apertur

serve to g@ngﬁﬁﬁ%‘ rrangenment of polishing elenents 4 Bﬁ QW%mg%ﬂﬁﬁrt
| ayer 10. In one exenplary enbodinent illustrated by FIG |, at |east
a portion of the 10 polishing elenents 4-4' are porous polishing

el ements 4, and sone polishing elenents 4-4'" are substantially
nonporous polishing elenments 4'. It will be understood, however, that
in other exenplary enbodi nents not shown in FIG 1, all of the
polishing elements 4-4'" may be selected to be porous polishing

el ements 4, or all of the polishing elenents 4-4" may be selected to
be substantially nonporous polishing elenents 4'. 15ln the particul ar
enbodi ment illustrated by FIG 1, two porous polishing elenents 4 are

shown along w th qpe.Sulsh gmoe e I teﬂQB&&%@ﬁﬁ%es&QJd kérﬁbﬁaﬁgmb%rﬁe!?{i?”t 4
Furthernore, the qn(u?trarg%%e cgrg'olke(?bé l%n tahjonss tfort m the c!ilgs aﬁmgftﬂmvaenfsel nel udi ng

bot h a porous polishing sur pores

substantial Iy thrdtftout the entire poI i Shl ng el ement 4. However, it
wi || be understood t hBtferiagty FIUr eemrlsty ephofitiestef apgfishing ed@inthaved- 4' may be
used, and t hat 5anyoenfsing mihedlity ofpoligo Blahityig, ebtefrentishing 4émenety” be sel ect ed
to be porous pol i shiggriakampptByedo s SiddoGhAAL doddnbiyof RORPAEOUS

pol i shing el ement Sieflens 447 with res etl%o@qm&eloﬂﬂmthérEbhén%mﬁ%%tary

embodi ments not i l nulﬁltxd’n%trego% axl:lwgnal lgrapoﬁsm%s?HJerPJac!ri‘ﬁthgh){lgeQeLerp ol i shi ng

el enents 44' may e n a maj or
surface of the sup r{tgelpartg:qaretTﬁdlmentHiustmte%ll’wr%'IG d%ed to

ﬂ\é&f‘;hmgb
arrange the delsh‘Wb”@%%ﬂ%W%WF?”B@Pb?@”HﬁH&? ﬁmfﬂcﬁﬁgmgﬁﬁﬂort | ayer.
For exanpl e, FI Gs.bomging a5 shrpdrilpssr Foar by versen a8bedipl ary arrangenent of a
plurality of polishi nt tebaginndsnpldry dibodirent dimged by FIG. s sugeneyeablsy circul ar
t wo- di mensi onal araftizy o admbiRft Ryesid pdsiflondl ob SAPpatiR hSratihbh@Eningl 1 angi NQ
t he pl ural i ty of QQJantSm nlgrdﬁllm t&na‘ﬂadﬂswelaﬁr 1t2ﬂ§mmta§1§1[eﬁcc32 in

terrplate 30 flr (& i1 T an e oLt laye p 1anal & 51 k3 ebe
contacted with and%&?togcgff%“%qg # Jpp%lwg 8” l 1%/%{]1 YQTQZ gments

4-4', for 30exanp|e S?@%?”The?ﬁﬁﬁm%%%ﬁHOI %M?ﬂ@%%u jport | ayer
10, or by using arf9giprsinaionalpressyt Fraifive sl 9y Sn’éft"@r“l thg|compliant
Furthernore, it wildvirldperotitpderiuglitod eblithiadenenk &4 puk besisd ngogemely 2 need not
conprise only substmanrtrivallyh youte demtishiceahd 2polpdlisine fgen ebi@rerit BG4 of Thus, for
exanpl e, any conmbiaaad pdiinpipadiod@ngoaRRIc. f porous polishing el ements
and non- porous pol i shingsdeh wmc&p&ﬁxndﬁm&emupué n@chmyqrs@suetaya of porous
p0| I shi ng el ement s él late}ortl\'{mpoh hmgeléngntsqg i dg s(gown Dunn a 5nunber
conbi nati on or arraﬂ%1 ment o $§r?§ %@%‘ J 9 ef enen

substantial Iy nongdroas pal T Fhi" ‘g% PERERTee g y%gm

advant ageousl y i n B PEMHIEHBYHEP S%“ﬂt‘b‘hﬁ“ﬂﬁﬁua%t’°*blaﬁ1gr‘§ﬁwh4g‘ pad havi ng
fl oating poli $hi ng¥heduesdesi guide gatefthe phlishing ouppasidon distibutioplaet 8 (uidemtare) 10.

I n sone addi ti onalmaghkedipdnairolihainDaght SWReTths suppbr 1yt ¥ tab@thtelaiyanga@entl, at

| east a surface Oforig pRALKPM FolifRRd defbdis G, Sh BB mfor subktlde Jelié DrispAS e at

| east polishing SQ&%@ﬁﬁu%émm&QﬁPiéﬁﬁ at m$QPhHM@xb&¥mﬁﬁoQ9res (not
shown in FI G 1, Qé&nd mlj(!r%’;l:%tcgo@ Ihcpq}m!ungcomposnl:ou%)stnbullton Iayer!n;uldc [ﬁ"atcﬁgpl ary

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

emeniq 4 9 are

UllOn

plate).
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enbodi nents, each of the porous polishing elenents 4 is also shown as
having a plurality of pores 15 distributed substantially throughout
the entir | ishi el enment 4. In other exenplary enbodinents (not
shown in (éf"é%{f?ﬂ%‘@g illustrated by FIG 4), the pores 5#3”32"09/8“1"32
di stributed substantially at or near only the polishing surface 14 of
t he porous polishing 15 el enents 4. However, it is to be understood

t hat polishing pads 2 having conbi nati ons or arrangenents of
polishing elements 4 with pores distributed substantially throughout
the entire polishing element 4, polishing elenments 4 with pores

di stributed substantially at or near only the polishing surface 14 of
the polishing elenent 4, and polishing elements 4 with substantially
no pores, are contenplated within the scope of the present

di scl osure, 20and may al so be advant ageously fabri cated.

> 15 shoun. the pgl| ShPRNRLARUSTR AbrGINaElaRL Sl 211 00 PaC
having a first ngj °8“F"°§‘P’£sgé“ﬁ?ﬁ ey Ss(éuédgﬁge)aﬁ%fffbf?“%&%g sg%nt&@ﬁ"ﬁ"}e{‘g{ohe first
maj or side; a pl urFFTRAGHe BB TRERIHY e Fattbihe wmapten SEBKERYT B t he
first major side ofowHes2gdfspon terlpuiyety. apErlitpeiepernss Sapridiedal gui de pl ate
28 25 havi ng asfi resndipnljragh ts ptihiagemmsidn dstig@iodad 8 @ajeolne)Simofiiac e
opposite the fi rstor&Bjp@ithing B CRendd ili@s cGHdipah@inddbeaires. 285, pOfikti @ned t o
arrange the pluralpdufes@hayRle lo3ide RarGle IR BhSHistthz Gemed@ of RGupickr St MBj OF
side of support |3qygr, 10 with the first major surface of opti onal

gui de plate 28 distal _fromthe art | 10. In th articular
enbodi ment il lustrated °ﬁ§xeﬁaﬁem%gggﬁéfmpﬂﬁﬁ¥gﬂﬁi'naé]eaétla _"rrrt_’emh‘gt§£4- 4' are
shown affi xed o FFrESterifore rePaelitine dopat a1 pur tliPigarers 64 f or
30exanpl e, by di r eetubtdgstreipordyomiithinggieneps 4 Hivilbhs pdeyepd, jogsgyatherd) or by
usi ng an adhesi ve.other exemplary ehipditinenophigvin inElH. Bl otiegpiigtlina slymeesochy ment
illustrated by Fl Geselted &UHpOn bolidhinyeRient @ of a8 ofatk fdii@ckichos av earmpl | ant
layer 16 positi oNnedeco leRBusmRfh A fbdlRkiQlingSkhlRs £f the support layer 10
opposite the plurality .of Ll ém%rmm@@m&lm%gﬁ-@ L E‘Jvﬁﬁ:rm.};r%‘%ﬁéﬂin)g(ﬁgae&so the

first major side ojrthhe Suppor t blan¥('ﬁr ur. e, an opt i onal
adhesi ve |ayer 12 *S SHOWT "at &R Tt et Tac e PRaWEBH cotpfT4ht | ayer 16
and the support | dif@rouarstishiegseneairre shiptre i Yo yrorous poishipagitase4 ysed t o
affix the second reedreres 15qisibuted fubstabiiglly deppaheyt the eptigpypeliphing Gempend 4. thheevesonpl i ant
| ayer 16. S5Additi oréll bk yadersgpi toyatyi nowvelof pplisiens sSlerfeds Sens b useg,endgat@si ve
| ayer 18, affized difbedof}RiskigRBhehtDd M mly8ds@éctediBr-QPRO®IiR ceft@s - ural i ty of
pol i shing el enment _Ssubélanfﬂ:{uynmg;@r}{usﬁﬁsmh@ﬁﬂqn&@._ tenporarily (e.g., renovably)
secure the pol i Shing Raghg i s AepRl L3l BhRkellofdhet ighown In A G
2) of a QWP poli shi PEI .ap%a]’r}gt ys gn& shown L.n Fl . AN opt i onal
guide plate 28 is "HI'EEYSHOWSI A THE EX&TPIS! § * BIBOHiBHE 8t FIG 2.
10The optional gui'Ge el sgror {jesi 11T HHSFPAP & g8 Su opEneg &e wihiag | gnment
tenpl ate for afr arfgrmgbefolsonfitatatigliprcy laf FeyolanmafilPsgiASE Bttt 4- 4'  on
the first major sictepl@farsgppodtt plirdily efpoliithg clénButy¥ait amghgdd @ godrally  €qui 1 ed
in order to producup@lddiistg 1P thiens2 ind Gafidlb. Nherta@nding Be MG 6Nt
bl ate 28 may be. o LanEkaTRY BuRRARLIRNLE ok i ALK 0L 08

y C L[ an T i ! vl -
illustrated b%opopﬁyg]fﬁé?céégmﬂwgﬁ dg &d%?J.cm‘gﬁgﬁ%fg@nﬁgco"%?%h{oé may
advant ageous! y*°be WEEH B rEH ™ dXLre RS SRET P PPy P BE FESER Phan ot her
known pol i shing p28&bedwsrFei ng a multiplicity of polishing el ements.
An optional polishing conposition distribution layer 8, which may
al so serve as a guide plate for the polishing elenents 4-4', is
additionally shown in FIG 2. During & polishing process, the
optional polishing conposition distribution |ayer 8 aids
di stribution 200of the working liquid and/or polishing slurry to the
i ndi vidual polishing elenents 4-4".




When used as a guide plate, the polishing conposition distribution

| ayer 8 may be positioned on the first major side of the support

| ayer 10 to facilitate arrangenent of the plurality of polishin

el enents 4WRW0000430 hat a first major surface of the pEPT@ﬁ?“ﬂ?j-m”
conposition distribution |layer 8 is distal fromthe support |ayer
10, and a second mmj or 25surface of the polishing conposition
distribution layer 8 1is opposite the first major surface of the

pol i shing conposition distribution |layer 8 . A plurality of apertures
6 may al so be provided extending through at |east the optional guide
plate 28 (if present) and/or the optional polishing conposition
distribution layer 8 (if present), as shown in FIG 2 As illustrated
by FIG 2, each polishing el enent 4-4' extends fromthe first nmjor
30surface of the optional guide plate 28 along a first direction
substantially normal t he .first i.Qr..side. of  su rt layer 10. In
sone enbodi nents s O\M%l%f?mo 1“@??“’ ?ndegsgoédﬁhamgf”?lglﬁ%pﬁ%ﬁé’{a gér?_rfeoﬁ?nse -13'4' has a
mount i ng f1ange, A ELERISE P SETER Y SR oy S 40~ to
the first major sif@eE™EpEPisinePemergyierreos pitBsdagemmekeof t he
correspondi ng f | angée thapliy fgorduf golsshingvigpenis 4. diwillalsck utldpeoddiaipport | ayer 10,
and optional lys themnseeomctionspafisesbiof pare@ poidhingabne mal supalibis hi ng
conmposi tion di stridabbRihiaRhenSs” mayCONISRMERbMYin cllbl bb@maes ROI | shi ng
process, the poli sfi,0ehi&h&RRRS 1did poidhiehh88e bQak RIGRSHEENS ! Y
undergo di spl acement |y, dLLS6LEMscUPRLAR |, 3la ValorT8k 0 Lhe
first major side of su po_r(i Tayerp_aﬁfﬁ, wWhi fe_s_ |tiyl f émal ni ng bonded to
t he support |ayer "i‘f)",f”°‘§ﬁ“&f5h8‘b"t‘?“8‘h‘é1“ [f sddvy Powat Tyt FTRES t o t he
support |ayer B0 rithel resp o g io Jid g Hisrrgred & 810w If thiesrmelinst r i but i on

| ayer 8'. | n such abddgdisrrehefdie poshs phlighing tlempniygdpatsd stymn oheviesmehrazol | shi ng
el ement 4-4' ext entret ntiQibatedcDEAREPDREHU Qe dpEiclishifg@ledint 4am lheeac h

pol i shing el ement defliary @bsitheRABERSn b BEAUGMILRE 11 BE0F hesRaRrRdi Ng
aperture 6 and extgpds: QULWAE Alodheat SO fol\Rndshehud b TR Qus SHlFACE Of the
optional gui delipl aé%e%cn%%'l—loiehusn’is tcE bDende%"ole'l rﬂl?l'tl ths}Xn Oafds Z%R'%r (t:oln'ill)‘h%?o sor of
optional guide plate and’?"or opfl onadl Q'I_l Shi Y _an‘pOSI £5°0n

di stribution | ayer®™8smefigipolifing gerspy gt e d&“'ﬁ“@ﬁi’j‘fsg‘?‘ﬂlyihB"ngﬁ”He t he

| at eral ar r angeme rrtipplisrg elpracpi i ejishiok domerptt githgpoms disghyted flfstarfiglly K o1 pj or

si de of support | axeenly@polishing setaivas of vomoliing clophtidoniablisiiparidentyy| at e 28
and/ or optional pofith Sibslatighy 6RO chrke@ftated bichinSk scoppbftike @Renl @Y @I, 8' may be
used as a tenphat Gndfay 94 bdBatodl hea@e the plurality of polishing

el ements 4-4' on the {lak MRl kol Rl enBIRBOLE pdidi¥Ghe 40 during the
pol i shi ng pad fabrLogvatl ul ar arrbodl ment

the Ooﬁshier (z:x)f’eé%r% rising a § rt aaetlQFa iE)arnt'stl mca:x or s eamF
illustrated by FI G0 " tHa Opti onar sgafae i are S ey Cofipri se an
adhesi ve (not showfff™ FEYFieerathedt: ey tAY JedishetfEed*t he support

| ayer 10 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 suppert layer 10. In the particular embodiment illustrated by FIG. 1, the
polishing clements 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

0.



20and the polishing conmposition distribution |ayer 8 . The optional
guide plate 28 may thus be used to affix the optional polishing
conposi ti istribution layer 8 to the support |ayer el
securely §Ppgkﬁ%@§$ﬁe plurality of polishing el enments 4%'”U%g&hﬁg%z
first major side of support |ayer 10. However, other bondi ng net hods
may be used, including direct bonding of the polishing elenents 4-4'
to the support layer 10 using, for exanple, 25heat and pressure.

In a related exenplary enbodinment 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 main bore
formed by optional polishing conposition distribution |ayer 8, and
an undercut region formed by optional guide plate 28, and the
undercut region forms a 30 shoul der that engages with the

correspondi ng pol IoﬁJaaitptgepﬁlaﬁmmismtlge@e;aggwfaﬁﬁﬁt@ﬂyﬁ@g?&aﬁ%ha&eaf fixing
poli shing el ement Ssu 4-rtéllaj er‘(}o usrdije%grago !ioayxl%%esi\gé%*ewztis@%u at;la’n?ng:w ring direct
bondi ng of the pol 8 _'ereme'nt’s 1 0 sbp_por layer 0. In

addi tion, in some "&XE gpé{?"i/“‘y‘*’é%‘b‘lﬁﬁ“'r‘?&"ma%‘“ HoPPipr pdisis G mlr FIc 2,
the multiplicity ofedsafiibaicmemas etvefte ypngd layer 1pig e toplizg lpvariged in a
pattern, for efxanpiddtiongs angptosaipedirnesiti ol lagr Faaffixgifio delcemént s arr anged
on a nmaj or surf acesyefsdiee SRR & pdidySdemdO 4-4'Okay bollsedto afaliat € or jig
used to arrange the; Rabhsihing nSlNRMS PELAKE RNl Rin heictHg support

llayer. 5In further, &% cihahY-SMR0MERGS, | | | ustrated by FIG 2, at
| east a surface of a ROr ou I

ur f LSRR SO NG, Sl SRt 4, L R.LH Saggse al
| east poli shi ng sur face ?L 6 rises a pl urarmt i pores (‘not shown
in FIG 2, but'%i| IT5ePos e plaf 2mpiish mayylso sprys a5 g Renps fontspeine

enbodi nent s, each YWPuplef pishiepismoi-1 eicfig rebeiehrygodatrdd. §hgo shown as
havi ng a pl ural i t \ecehlly potiraidn okl tagbredbarpligiing ends 25ubghamté reebehty t hr oughout
the entire poli shidigesed erehib exduplad Enbedidiay, hax@mpduad phe ephedinent s ( not
shown in FIG 2, Ritinaed dokiS poBnGhad)¥ ilfikefa vy/bbishide PR 2 RRIELS s@k €

distributed s le st _aemlgo-hiﬁénls Xlangvangl eoﬁg%reasig‘%d%ss_te:gglgi&% f£b§%& rﬂﬁ 0t§e\'l rface 14 of

t he porous poli shlknogme Sent s 4. However . 1t 1S to be under st ood t hat
pol i shing pads 2' ‘having tonbi hati ons of ~arfangenents of polishing
el ements 4 with por es®HPFery rirliresereetipisdbtie & 5 WHBUERBENE*t he entire
pol i shing el enent 4deplyipfoi teetnpliphipe d4mentpgdrit is additiopilly shownipFExs2 dise ¥ i but ed
substantial |y at oplishinkBroqawmair opdandl yolithinecompoditiosdiinbgondaust b gidaiisdidticof t he

pol i shing el erment ofthe vditids a0d dndaboiBinluReRdiivduaMpbisdibhe Sttt sant i al | y no
pores, are cont enﬁi’tﬁlu@e@as\é@.ﬁd@ !&,&J}@is%%ﬁosi@cfn digtx}ﬂ)@tiopllﬁ_ &wbedl scl osure,

and may al so be adyant.AQGOMS kYo iu%erule&%&oS?‘y-en.otofacu;tatean;ng‘emgn?c}}%{ ence now
to FIG 4, a por ous i shi ng

surface 14 conpri é’lurﬁgtyo%fig’%ﬁh{'ﬁnegel"%sigt%i% h%? érg\ngfgg'ﬁ Q%?ra‘%%@ggoi n a
pol i shing pad 20actBPHPHTEEnSHoE e BreirsPRr i eftBudraiant ol t he
di scl osure. THe poribusttsetifistionysiton dxbuen lger §fis ofpp®; theinsf mpjogsiis shown
with a flange 25, o pdishingedupdsiéondigébaliot iayefsa @ipluialitad @edoevschiangjolico a
support |ayer (nNotpoGf@¥ndinfitndgar tedhe opfidfl R AT G5 preds) ahdol kSt r at ed i n
plural |y ofpor s 46, Aas SRR Sy B L T e Rt Lshi o
Surtace 1. Hyever YR HEERGR el HEe Mt

glmtj(r)g: 't St of {08:esﬁ)’gg"g‘}‘)’lﬁ%"fﬂ‘@"ﬁl’iﬂ%‘tlf’-iIb’lﬁ‘t‘ee’&bﬁt’jf“ﬁs“?‘?’i‘ri%ﬁg‘iﬁ*t {ﬁ’e teEte ire
porous polishing ebiemsptmed+4he 2 neuningianp oldestrdlivbgnesiemcitddesbided |t wil |
be further understood that in other enbodinents, the plurality of
pores 15 may be distributed throughout®™the porous polishing el enent

4, but not at the polishing surface 14. 30FIG 4 illustrates one
particul ar shape of a porous polishing elenent 4. It wll be
understood that the sane shape may be used to produce a substantially



-12- formed in virtually any shape, and that a plurality of
polishing el ements 4-4'" having two or nore different shapes nay be
advantageou§ g sed and optionally arranged in a pattern befo

bondi ng t oV 21@@8@?@ l'ayer (not shown in FIG 4) used tEF?Q??HQ@S“BZ
polishing pad (not shown in FIG 4). 5In sone exenplary enbodi nents,
the polishing elenents 4-4' may be characterized by a height (H) and
awdth (W, as illustrated by FIG 4. In addition, the
cross-sectional shape of the polishing elenments 4-4', taken through a
polishing element 4- 4" in a direction generally parallel to the
polishing surface 14, may vary w dely depending on the intended
application. Al though FIG 4 shows a generally cylindrical polishing
10cl ement 4 having a generally circular cross section, other
cross-sectional shapes are possible and may be desirable in certain

embodi ments. For  eXARR| Lo sﬁLJfﬁyJu;%Emaygldb& &"galgﬁ%l ik bl BIAHL Aloe SQUAT €,
rectangul ar, and t rt%:ﬁ'%rsgma{or S%Bcrf%e snpport ayer a.ng)clgixgc:mall)zt Flpcondmg]o%u aceofusef ul.

For generally cylin ul ar
cross section as §H8%H“FW*$F@¥m%de %mBFB%éhﬁﬂﬁ?Vdﬁa$”HP%ﬁeter of the
pol i shi ng el ement pacepsythegolighing desertsdri” aeBrepdqinderariddnty uprigreedisplastment i 2t he
pol i shi ng surf ace ditetion hstantinily s@maio Gefisoekionminésyppoatayet I0.asite slbout 50

m croneters (pn), cm@Eha;bpaakataBioy 1@l 10 |lu@dgibnga@idbnad R &E 1 | | nOre
preferably at | east,@Rpdtoopnd aldolﬂhncg%tp@mdﬁﬁmmaﬁmts t he

cross-sectional diane rection
general |y parall el tOltﬂ? he%t)od a:{l:zié;gz%ln ea&p%gﬁpélememA-pex@énugfmbout 20

mm nore pr ef er ablacon‘eq onnﬁs rtureg ”Tﬁ m%nt4|-4| alsg asseqthm%f er abl y at
nost about 12 fim Cmpwd‘%wrmﬂ?“ﬁéﬁ‘f@yﬁf”ﬁ@ frt %{’f?bst"&‘f“ °t¥e t he

pol i shi ng el enment ,orieral@aie piat 2§ Rigys, hodlurat prprgruesed of epdapal quitle gt and/or
corresponding to wiat‘dﬁa'rpol(sl\i\k c@posEindinrbuiion lafel 8maydiso sereeyts ddeplh ogridabout 50
gmto about 20 mMMthelaRRraiGehdeRintbe @IRAIRBREL.B of i@ rsiGHaadid BduppbiBlaykr OM about
1 nmto about 15 ni,@doladopldnl) Sk RIDOLIERALS p8ill6s Shtisn Sect i onal

di ameter is fr S)m %Q éﬂ‘longyem;y%eléelagsqgemﬁlge orgmdet%ﬁ ggthe?farqmy l indri cal

pol i shi ng elenents
characteristic d|ﬁ%ﬁ§?6ﬁ W§4‘H@ g?@ﬂ“f%°“ﬂﬁ?%é?EMW?%W?H@mﬁﬁflshlng
el enent size in té@ﬁ%mb$“§5helght width, and/or length. In certain
exenpl ary enbodi nent sfﬂwném@h@*@w@lﬁsme@h!%i Fbyrgtionhevidepipte BRmag e| ect ed
to be at | east abounprid® agppsive (0@ mewnprogfoet @bd iyerdd bdvea st sugppoaer 1d MM
still nore preber aklmy paining RASlinioabRulioDaye8N T Bri&@kdid@bie RBRadi ment s,
the 30 cross-sect 'bgtﬂé%lto aﬁk%ﬁoﬁzﬂ poﬁ)snmgtcth%os‘?imdlstﬁltlhdﬂgyeﬁg %%QJB orfIr ina

direction generall, L e o]} : ur .« S at nost
about 20 mm nore r%?tg"’% b ° rel)’ n%*ﬁeppagtygfollsfggeﬁ e s?&’?ﬁt

pr ef er abl y at nost ajgn sule vagever other bonding methods may be used, mc{n)mg
direct bondmg of the pohshmg elements 4-4' to the support fayer 10 using, for example,

25 heat and pressure.
In a related exemplary embodiment illustrated in FEG. 2, the plurality of aperiures
may be arranged as an array of apertures, wherein at least a portion of the apertures 6
comprise a main bore formed by opticnal 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
aftixing polishing elements 4-4” to support layer 10 without requiring direct bonding of
the polishing elements 44" to support layer 10, In addition, in some exemplary

-11-



I n other exenplary enbodi ments, the cross-sectional area of each
polishing element 4 in a direction generally paraIIeI to the

pol i shi ng r 4, may be at |east about m2, in o
enbodi nent@ai'ﬁ%?@%é? about 10 mm®2, and in stl |1 ot her eﬂaﬂﬂﬁ%‘?ﬁ?{%”&t
| east about or 20 m®2. In other exerrpl ary enbodi nents, the

cross-sectional area of 5each polishing elenent 4 in a direction
generally parallel to the polishing surface 14, may be at npbst about
1,000 m®, in other enbodi nents at nost about 500 mm2, and in stil
ot her enbodi nents at nost about 250 mn. 2. The polishing
elements (4-4'" in FIGs. 1-2) may be distributed on a tnajor side of
the support layer (10 in FIG 1-2) in a wde variety of patterns,
dependi ng on the intended 10application, and the patterns nay be
regular or irregular. The polishing el enments may reside on

substantially the eﬁmhsn@n&ms&a@&@pﬁz E:Qﬁau?\ld rapproﬁshu!g@lxn?eﬁmwraa,wer e may

|bﬁ ggrgrleogrsrbgtjl f’r{l’;ﬁtaﬁaﬁg?h na pattemrafx e)ﬁim?_le as a IWO—QimEn{iDﬂS Flrra{r/(ggea:}‘!lemsaa‘lnaen i{gg gqu?ta_i e

coverage of the sUBi§ort ““"I‘"S'S?é‘ipp"ﬁ\ﬁyeb > opipEplag g v {o s & POURRBY,  or  at

| east 50% | n fur telseis sfeisbaiippaaikesuproft et pol i shi ng el ements have an
average 15 surface cordntgaecohy thalingupidentd b B@aratight 2 atfacgrdst  about
80% at nost aboutperdBBishidg cledint A0 Bis caBiOLE poaBiBps@face t NEnphiGLaaluraay ea of t he
maj or surface of tdAReShHPRGR I FlcY RE ius@Bd 186 8y mome%@wmwtemd;w@ber of
pol i shing el enent se,,chLfm,@po&mmngg&,mmqlm Al a%ﬁﬁz PR esgh' ng

el ement, and the ergbss Seck] th m!|qhqntthe entlread&m%elegend{ ?n oth g(enp?g

cross-sectional arta oit 'ﬁ"haub eneral ly
parallel to a 150@]‘“8?”“‘%‘6@?%‘1%“ Bt ’ﬁ?ﬂ‘?"g’fﬂ%@ ‘Efé‘ﬁi""r’fﬁ%f‘mb‘i“ sone
exenpl ary enbodi nepsiguialy saeqrer ofty eppikiing srtecd B O e apout reliskilssleentsD0, 000 cn®,
i n ot her enbodi nerHesevirritismn baipdastoodtha(POBhing pdds X lgviabotibatid®®, 000 cni, and
in yet other enbodidigmnéns of phlishongvladadtvitZno@ B G RPsus@nt AP Blodghohthe 000 CNR.
Prior to the firsSteddSSistHs eilnld® 4, pRknS R aRACborksRistkitdicibtChnishy £or 1 N FI G
2) in a polishing nQaP&%%L boﬁsﬁ:ﬁshrﬂcﬁp&me p%l)gﬁan?eEtM &’Fﬁ@l%%@&& each

pol i shing el enent first
di rection subst ant“iﬂél“?SE'mmun'10 & o5 imr%gtth”mf‘gr”sm td's“fmt he support

layer (10 in FI Gs. Ry bopfynpgreafti¥kenpl ary enbodi ments, the

pol i shing el ements exPéieeratcarnge Fifh é apgrquayplishijgclenensit pingatporie ast  about O
nmm 0. 25 nun, at |pe@idds sefivodonPisBe qnhyalipet paes 15m@ats tsedlrpuihif@pd NMM above a
pl ane includi ng theodipitd fitedexefidni Sbtidifght & APGXAGE. ITBorbls @liskikout i on | ayer
(8in FIG I, 8 ifRnkld@Endls Qﬂ%oﬁ(mtﬁ’%ahg@ﬂatlzhwgwygﬁtse@loﬁtxlﬂate( 28 in FIG
2). 30In other eX%m'nggysupgma99 gﬁw&rﬁﬂn& hﬁfoaﬁmgl§ﬁ,l aQWlfaces of the

: pOl Lshi ng el ement Sl'lne po! usrqlcﬁshm%e ement :iwmanda cgrfpniesoalffsal%&?orei/lqraj or surface

of the optional polis I n ot her
exenpl ary embodi neftignd ‘P"r’n‘@““’ﬂb‘?‘ ih%'ﬁ‘fsﬂﬁ S 42 HRevepi il prandentond thatig g j shi ng
el enents may & nede ephedinses eteiyels dperbbimenssprysio BiGr b} & Plusliv place of t he
optional poli shi ngeresohnee s distipnd @ik gitoighdduiciadir pdr@yrelishingaligng eogequent | y
made flush with, aiepdmGesee 1@xivand nleyentcd ihh @ oo pasadndmd or surface

of the optional pQliuffdepets &XRRO&irdolQroikingil helphhbth %oﬁ%mn%eéﬁfe@tm ;buh @
exanpl e, by renovq,[me%gllshg‘ggggcg] on of the optional polishing

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 clement 4°, 1t will be further understood that the polishing elements 4-4” may be
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5conposition distribution layer. Such enbodi nents may be
advant ageously used with polishing conposition distribution |ayers
that are selected to be abraded or eroded during the poli hing _
process orVPA*Bft1*6hal conditioning processes applied toCYHEIDN51052
pol i shing pad before, during, or after contact with a workpiece. In
further exenplary enbodi nents, each polishing el ement 4-4' extends
along the 10first direction at |east about 0.25 mm at |east about
0.3 mm or at |east about 0.5 nm above a pl ane including the support

| ayer (10 in FIGs. 1-2). In additional exenplary enbodinents, the

hei ght of the polishing surface (14 in FIGs. 1-2) above the base or
bottom of the polishing elenent, that is, the height (El) of the
polishing el ement as shown in FIG 4, may be 0.25 mm 0.5 nm 1.0 mm
1.5m 2.0 mm 2.5 m 3.0 nm 5.0 mm 1510 mm or nore, depending on
the poli shing cOMaglst ARuARAle AR 6Pl Ei il %%sls@%gg WQ& the

R R T m e T
poljll shi ngt corrp|05| tbsogﬁb"glp“;‘g’Fi“'lzi?g*t‘i'yﬁﬁ“"lb‘é’V'é‘PFlﬁggﬁbﬂg’ﬁ”ﬁp"‘ﬁh‘“i‘EB“d (’1"% FIG 2)
and/ or optional gufogein e may be varied as necessary for a

speci fic CVMF ppocess. inkime 200bnentedrrad innpibtie deddres-Potivshi ng el enent s
(4-4" in FIGs. 1-2)addiedBaGHnTRIwkaiubed, Subsi-antFicad. Indddth, g anar
orientation with rgspeh s PRSREREEmAN e mRQh | Shk .cggle,&mms' tion
di stribution | ayer,. E?dlrgcpon oe!n%lly A!fallegﬁlhe pglst!:ngg;'rfac]g ?4 nﬁT gnldély d%pmmn%t e 31,

and project above t Ir L FCIR— ona ﬁ | osition
di stribution | ayer” Tfi"@t“’" govsh FIG frihpss a gepers WH)"W’" Pﬁ’g?“?‘bnal gui de
plate 28. 25| r}"sorfbmész‘ém% eyl HS U RS, °“‘Efﬁ‘@*"‘\/°81"?j‘ WP tine created by
t he extension of tebreblyred iiaglsinigdiah eppsmplydineny’ Forgkpopie cigulry clipgeh onal gui de
plate (28 in FI G uRsularsghea rytangi, ind Mgdzoi PiGtoss Sdariomibsh® M OSUsdiil.on

di stribution |ayer (8Fd} QneEﬁ@hmﬂ:caBpohsinﬁk eletheks 4 Wying TBYUPERMEELR asr OOM f OF
distribution of a SQ)QIII ih &B'J\Qz el &HQ@I d‘ah@c‘?of@a@pot:sﬂﬁg eﬁHJthL%ercgfon t he

t | | FIG 1, 8" i
|C:)FGI. Og)a _Fl)_gel SI(E;: :’]gf'l Ppapﬂuﬁél&‘hgt{ghsgllzf,sﬁwegy} %mee éé%r ts) a@least out ol i Shl ngl n

conposi tion d| str |S?Jﬂ‘frf”i‘fﬁ's [raly e e %m?lwﬂﬁ“l“é"’“‘immﬁ“" "I"ﬁ Prﬁfr@y atf)’l?by an
anount that dependtutdmm| gt qnwd'ﬁalﬁttheewweﬁ'e"amnwr?fw polishiger act eri stics
of the polishing eleengitagirgiogetelaidy palaig torthe gblishihpuriagef14 ipo ngssibiung

conposi tion (wor Kizogm, o bréfélabii il ehosDaboutld M SiitM@re piSterkblyadyijost v T2 mnhe sur f ace
of the polishig GAIRQASILLGR, ﬂfémm&aom&pumgmgn&k&;’%MELgG 1, 8 in

FI G 2) A%urgace H%ﬁgmr%%p&gnoqy \}ncﬁh (@Zas shmim.lrl Flé 4 m§yc?)rr§om a%(outquﬂr? 4 are

enbodi nents, at

porous pol i shi ng é‘l E‘i’f‘ezﬁf‘"g meeral ool dEP LT %“‘5@%88?%%%‘1’%‘“% | east
have a porous pol i*&H 97§ e@ﬁﬁ?“?“é‘é'@“{"ﬁ“‘i‘%‘ﬂ“’ﬁ%‘ s g Pyt S P © may  make
sliding or rotati dha#k contact with a substrate (not shown in FIG 1)
to be polisheds |n othefon-ghidodipsEng Semedsheinpobadisiapaksissihang el enment s
may not have a pOr§ierRiobindidn Ag vSdilcRfaRotditk the Pting RY en YR cOSrES 15

distributed thr OUQQQQHIWIMQ%/B@:% Alodedin &l&@lax?%bcfnﬁmoﬁ?&%ﬁen%' i shing
el enent 4. Such porous H?w g el emen s conpli ant

p0| i shi ng el ement Sl 1on aer I n SO!TE fxtS?;hm mX’e gara%l%atleastabout
characteristics of ™ %’WpfeﬁﬁTyaﬂﬁfthﬁ%?% 'b%‘?fme’ﬁlﬁf“t“’a‘bfhé

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.



porous polishing elenents are disclosed in co-pending US.

Provi si onal Patent Application No. 61/075970, filed June 26, 2008
titled "PQLLSH NG PAD WTH POROUS ELEMENTS AND METHOD OF  MAKI

USI NG THE SRV o e particul ar exenpl ary enbodlnentgcwgﬁgmﬁﬁuﬁﬁre
of the porous polishing 15 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 nay be a cl osed cel
foam or an open cell foam C osed cell foans may be preferred in
sonme enbodi nents. Preferably, the plurality of pores 15 in the foam
exhi bits a uninodal distribution of pore size, for exanple, pore
dianeter. In certain exenplary enbodinents, the plurality of pores
20exhi bits a mean pore size of at |east about 1 nanonmeter (nn), at

| east about 100 nm at |east about 500 nm or at |least about 1 pm In

other exenpl ary e”bOdln'SEJPEx% %gﬁooal%ehg @:iémtssysecﬁ’oﬁqal Qé%f%?eh&?‘sﬁhnb' ts a mean

pore size of at np 41 °1 at nost
about 10 pm or at ?emenf’atl ina Eectlotf geTQ!EylEarglel to@&o lshtn%‘su acel?mavjbn%t pr eferred
enbodi nents, the ﬁ?"ﬂtrlé‘l’“l Py PPt st e e éf‘dﬁ’é‘%i'ﬁ”’j é‘kl'%"i“ﬁe from
about | pmto aboutieas@oen20 s Re pler qrimpleyy pRbSNERS, Yoic@e sectipualereapid 4, t he
pol i shi ng surface eftpotihingeBindnstii adgecieh @nwiiegalid odte paliehitg oce 4, may
substanti al |y fl atbe8uésd 80 ,00000m*, FaYer D@ ckn@¥d titi@Eboutbdd meB ki Akl present |y
preferred enbodi Wﬁ)mzrgnbo@,;cntL@@é;aboLﬁ@nﬁlN i shing surface of each porous

polishing element is gg ‘ﬁsllﬂgéieﬁ? fo Qim@ﬁ} bgdlleql\ebl;l%ormm%or ﬁeoPp' ¢

surface openi ngs orm.o i ces,
passageways, roovme“’é"l‘?’mrt ARt a) wfdﬁya”ﬁt“ gy BEeﬁd'“ 8”rﬂ‘eeé"teidr§‘]31 t he
30pol i shing sng acRligiR s e PAfSES g B TPl SRS érf‘“rpf"ﬁ*u{gr‘ﬁr@"‘ﬁ‘f‘iﬁ

mai nt ai ni ng a pol |r§lﬁmglbswﬂ!1msfﬂtﬂﬁ rice ofthegupportdpyapyartiete mey bf fedtpaioll and/ or
abr asi ve pol i shi nghesdpper kygr tinotclughromtishingtiehidme In sodd@mbadiféngute gishingt t he
interface between anskhsdah ate oo elzomwn) suphtlaytBa: Ieatrespendi ng
porous polishing ebgoENLs sox. InfunhcrJmﬂodﬁlerﬁstﬁlp&s}ﬁéQ&H.?:ltmvyanmgd' ment S

ilTustrated by Fl %‘lrfac%bqvémge QfBé)s}J;Jpa‘hng%at%}d& b@ug&?latmo?tmed"/sﬁ%mgs?r €s

that are eneraII tend
5from t hegpol i shi r?b"“%(fff‘? téﬁiif them °”‘hrf§°e?)f3'lef“§pﬁ“'ﬁp ?eg’i’f’g'ﬁdtbyﬁ%/ In a

rel at ed enbodi nent“"mbffﬁ@"‘ﬁ’ﬁ’lglc[%'?ﬂ“h@"@Efﬁf“&’&“é“‘é&fﬁiﬁ’i‘li" Y SBTERIUS that are
general |y cyl i ndr ictssisecioesprre pighe pobssinggit endi ng from t he pol i shing
surface 14 into the poOroussepohlizgdif frgolaling pae mta didetionfgenly pregoneed not be
cylindrical, and OtpRitQoie pdeaEmRd ki @SondlkRmtaSsboihess, dgkoeXanpl e,
conical, r ect angUhﬁ’o(wlooQM*t@mu@@d 000 G O&J?&bludln{sﬁsfrog Biew ERRLAG LGN StiC

di nensi ons of the 1068 angtnyetothe:gg&&me fafrbrra gutwédoe abon.n%(%ooa}:s2 a depth,

al ong vmthavmdth(or teristic

pore di mensions may r ar}‘fd% i 't“b‘ﬁei 'Bec?a‘(shmé%ad %Wﬁ 62 é’b%ﬁ?) BPESYEum i n
depth, from about “B=HFhitgnesEatty Tbdgegich risingsere(@? ndlSaét er), and
f r om about 10gn t oxtaiirelots th i@ GiQ-tgnmbitvtidlonyelit, thefirt raibtyidy of bocemyyl ar y
enbodi ments (not idykrustiFi@s ea) n cdidrexdpgihy ShidingnisSutpbiate « @enNRking €S

along the first direction at least about 0 mm, 0,25 mm, at least about 0.3 mm, or at ieast

about 0.5 mm above a plane including the optional polishing composition distribution

layer (8 in FIG. 1, 8’ in FIG. 2) and/or oplional guide plaic (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 gther exemplary embodiments, the polishing surfaces of the
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15pores in the formof a plurality of channels, wherein each channel
extends across at |east a portion of the polishing surface of a
correspondln lishing el ement, preferably in a direction general
paral lel t¥ tﬂﬁ”ﬁ%ﬁpshlng surface. Preferably, each chaRRBUSHQY/eER
across the entire polishing surface of a correspondi ng polishing
elenment in a direction generally parallel to the polishing surface.
In other exenplary enbodi nents (not 20illustrated), the pores may
take the formof a two-dinmensional array of channels in which each
channel extends across only a portion of the polishing surface.

In further exenplary enbodi nents (not illustrated), the channels may
have virtually any shape, for exanple, cylindrical, triangular,
rectangul ar, trapezoi dal, hem spherical, and conbinations thereof. In
sone exenpl ary enbodi nents, the depth of 25each channel in a

direction substant 'o[%Mgléenflﬁ%m% add 1 ehs%bﬁ Q!,se”d rsur agf%e o€
pol i shing el enents a7 'east about

100 pm to about 7%‘8"“%&“"?‘”’%‘}“??%"3‘%"“ &xe *‘I“%{?“ "énﬁ Shrf%‘ihrt"’“’a “he
cross-sectional ar®gdpont HeRPorhEPREI 'h%?P‘tfl‘i“’rPé‘&‘t”ig&?‘f‘P%‘ﬂ‘b‘st antially
paral l el to the poksibhintger fuefrmedy whovd e ool of Sdrpivyl eisdiment s i s

sel ected to besin ddesitoedisgiitidonam Sadd etbbdimehs g tbadvertapio@ly oamdbter s (nNn2) to
about 3 x 106 gm . poidkHgRordddiidnlaebu@y RIER ha bryse Do chiaRiitoSeroads B@ngS UPPOT t

| ayer may be SUbSttﬁrﬂ&xklﬁiLLr%eséJ?QAQJEH\E@&&mQLg%mc&g%he@é t@poliuGll pch 11 m or

other hard substrat S dunugoarér “r;ag %mworlcpYe c_orrpr essible to pr OVI de a
positive pressure 2d 1 rd i surf ace.

exenpl ary -17- enbodf“r‘?ﬁ‘h?%““"’ta%“b%ﬂ‘ﬁ% ‘f“"‘l’" ‘é‘f"g‘ﬁ"é““‘ 6’&??&5?‘?“%@"

flexi bl e and c8nplfirhdrecirraiioat PPt 025 BreHeas o). g‘%ﬂ‘r«ﬂl‘lﬂ%ﬁb"“l‘f‘lﬂm’er or

pol yner. | n ot her atxearjghednclyding frbomtprriaei(18in FiIGh é2)sin pididmt! eergpjperr | S
preferably made ofemedi@enyir@desiohhe@oligok yur®s (1400 M@t 1€ dbak the theaned

pol ymeric materi alsguhed mRgoiBmediRtk adis, defeif@mlbaleRoiiiposdkR ke Cl osed
cel | foams nmay be .p;&@t;%;u%@lzs"@d émwgm 'i‘s QJ, Q@&mé%m%lmnm and open
cell foam may lge Ll[§ %g orm[gre d%gngnrﬁepagypaolls mgtc?.'mg smon u}{zd m{fg?lm'l!en sl ected fcrt he

polishing el enents as a unitary
sheet of poli shi nd & HHRATE™af fi xed to the sup ort Iayer whi ch may
be a conpressibl e or Bk iztte FiSulh bt derty agdpeaping o ép"%ﬁﬁﬁ‘ﬁﬁ IAyer is
preferably |iquid tregey tireqivhabpolishige cppepesiigryistipinn &afer @ iFENt, & m FEO2)
permeation of a wondk gondl jugeiplek 28 Kdy B varfed £ et outglor sbR@ficsSuppatst. ol ayer .
However, in SOfE amQekdieat, the polidhifs RHAR AL FIEYE) o+ d @Y maUHay | Se | i quid

per meabl e mater | als&stwﬂll?pﬁanggnehtﬂoﬁﬁmPQ%Jn%er\%dttlppommgcglhdoﬁgﬁl barrier
that acts to prevepnt rreatlon

t hr ough t he suppor tstn?ut:on laFerg Q'}Gt h_s mqilll(ligaﬁguu?egl?t?l}l an é’nﬁa%})&e the a
porous support | ay&pe °E?é“a16§‘§ﬂ‘g G A LR @i i - ¢ éx‘&'ﬂﬁlzb to
retain a working |Peuriny gidgplate2dy 15p0] i shing slurry) at the interface
bet ween the pd¥i shi nglypad e=eméiyaninéindap thewd vadure frragd jp Gk ¢sdvoragtie | n
certain exenpl ary paRbB@eEBIMShok @ opSai POE flad (BWEFIG. TFRY a3 OFpEI S€ a

pol yneric mat eri alposlgeddp@onfik@od iafet €QBE, 1, 1A k1A 25dhay BRI Bbm for

Styr ene- but adi ene o iaRlr HAAPEARGIon ROl KiHicCl B RORNEST €T

p0| yet hyl ene, and ¢ composmon da}nl)u?ou?aycr I?CP]( 8’ m-ll-tbeil) ']l’l'llpl}%PsEmge cm%§5—4' nmay

30 protrude above the polishing composition distribution layer (8 in FIG. 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 cotnposition (working liquid and or abrasive
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20further conprise a wide variety of additional materials, such as
fillers, particulates, fibers, reinforcing agents, and the |iKke.

Pol yureth een found to be particularly useful r

mat eri al sa‘gﬁ%{)ﬂ%ﬁ%&mpl astic pol yurethanes (TPUs) bei nséﬁﬁg Pécf?l{ @I y
preferred. In sone presently preferred enbodi nents, the support |ayer
is afilmconprising one or nore TPU, for 25 exanple, an ESTANE TPU
(avai l abl e from Lubri zol Advanced Materials, Inc., Ceveland, OH), a
TEXI N or DESMOPAN TPU (avail abl e from Bayer Material Science,
Pittsburgh, PA), a PELLETHANE TPU (avail abl e from Dow Chem cal
Conmpany, Mdland, M), and the |ike. The polishing el enments may
conprise a wide variety of materials, with polyneric 30nmaterials
being preferred. Suitable polyneric materials include, for exanple,
pol yur et hanes, polyacryl ates, polyvinyl alcohol polyesters,

pol ycar bonat es, ar!fﬂnﬁ&z@r% l&ac?o‘{é%&Jol@mg@m}d&ﬁ&%ﬁﬂ& B{e?(@'ﬁﬂ@elsé gnation
DELRI' N (avallablepﬁ DuP m)urs -18- Inc., WImngton,
DE). In some exenpl ar% enbo s, | east sone of the polishi ng

el enents conprise a tAEMBE ‘“’égﬁ k> 5‘6‘] ti‘F%”E"Pfé’PF@‘hm“é“ fﬁ”ﬁ/‘é’&?‘gl"ate

pol yvi nyl al cohol ﬂ‘e@?‘lshﬁlﬁ)ﬁiﬁ?’}‘iﬁl‘*laﬁ?rﬁ@"“fﬂﬁ P‘@G‘Fm“ﬁr”nﬁh"béﬂciﬂém ng el ements
may al so conpr Fse eabodigpnnfitdepscied 2 pobsppishing erfacofl HeNGsEic widet ekarat eri al |

i ncl udi ng, for exatgpke orBil evhtacPath b iuBtkkeatBByyn 6 BGAND & pdiskd netid-at es,

pol yneric parti culcabs@ments e BRduSpolis iR BiheNShal RMGEvel RRNQAfhing a0 she |1 ke.
I'n certain enbodi rﬁﬁ%d‘ﬁmvep&éb EoiatEafeR &Lllg{ERELBs?anﬁﬁﬁueQ&e&Rgs%olﬁﬁng(?t ri caI Iy

d/ th |
an or er ma y G P n'intl'!lc Euch Opomm %orlﬁ)hmff_le e{nenlts m% bf lﬁglﬂ as c?_mphanl'lt F'ohslinghelemen%

carbon, graphite,
enbodi ment s, ePect‘Fhi‘b(f'&%Sl”Sf oS AGTREPS BB Tyre ?mg‘ﬂﬁ??“‘éggpa"f 8?“"’Exarrpl e,
pol yani | i nes ( PANPyou pplidiag féfm?}héf%‘f““‘?sﬁ’é“ ??%%Uéé’ﬁ‘gﬁé?‘i‘e@ﬂpww\/l

(avai | abl e fr om ONecdY7ChledTive 26, J0f3EedSHBIHINGEAAITHPORGAY be used, with
or without the el extmirgahkymenHob hevirahd ynroomdueEsanef i | | er s

ref erenced above. In some baFlic R PBnpR¥ SHFREnRKY onS RO BRI potithg  POI i shi ng
pad further cogpriggs: @maggampésa A @)/oeelsls%mu ughgm zunanu%gaport | ayer

?gp?ﬁlet gu:)Bgr FO: Ia;glrep lshmgqementsmthe orm of’lbporg% oam, %efoagfx Mae{beac?oge? ell be affixed

preferably, an ad H@E"l"{/aé °‘I°‘h"<]’[bff’a’“p8§sfdt°i’"(f??8ﬂ“aé‘f° Pt ot T“ﬁ??@““ﬁet ween t he
conpliant |ayer arféfertethaplisfinpirods Byrrhe fqag exfybiis gunimgdaigisfipusionpipars suppor t

| ayer to the conplsizaftexdmay eqre dgpgro Ji dewin paerlayehiodihdng gie grgireivbre,

In certain enzodi neemts med b sGORP leisatvlt | hayRer (inS, afdbsehbar @ddmyat

conpressi bl e to pnQy¥iE@sedadQsidid ¥&i mneﬁ%wr &englary EfbbdirhRels, &mmmpl i shing

surfaces of the pol'pllm%!]elxh: aemlcdenpor zcofatmostdgout 190 atmosta&ut@?u atlriltga! ng
polishing.. In sone exenplary enbod T Ayer

about 10 pum, or at most about 1 um In certam present]y preferred Embodlments the
plurality of pores exhibits a mean pore size from about 1 ppm to about 50 pm.

25 Referring now to FIGs. 1-2 and 4, the polishing surface 14 of polishing elements
4-4" may be a substanlially flat surface, or may be textured. In certain presently preferred
embodiments, at Jeast 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 (¢.g., a working liquid and/er abrasive polishing slurry not shown in the
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conprise a flexible and conpliant material, such as a conpliant
rubber or polyner. In other exenplary enbodi nents, the support |ayer
is preferably de of a conpressible polyneric material_, foanmed

pol ymeric Wit gﬂ’?ﬁ?@“ bei ng preferred. In certain enbodi n%ﬂ'f’rg?m?:%!i’é@a
cell foans may be preferred, although in other enbodi nents, and open
cell foam 25may be used. In sone particul ar enbodi nents, the
conpliant |ayer nmay conprise a polyneric material selected from
silicone, natural rubber, styrene-butadi ene rubber, neoprene,

pol yur et hane, pol yethyl ene, and conbi nati ons thereof, The conpli ant

| ayer may further conprise a wide variety of additional materials,
such as fillers, particulates, fibers, 30 reinforcing agents, and the
| i ke. The conpliant |ayer is preferably |iquid inpernmeable (although
perneable materials nmay be used in conbination with an optional
barrier {0 prevents, ol it veldetlfhR BRSbL b Bobdibilnd s COTPI T ant

| ayer. -19- Pshm qemes pol ynmeric terrals use in

conpliant | ayer ar’e Bf Uret hanes, wth TPUB belng partlcularly
preferred. Suitable pHF?ﬂ?%?ﬁ@ﬁ@?“WﬁﬁTWﬂ@“bfﬂ?4€%&W&Péwm?ﬁése

avai | abl e under t renprisescoeres 1Eeasirgpenaelly eindPaRENkRy Siredo arsedr p. |
Rogers, CT, as5welflom &spolishigsefa@ et teiplighingieiaher 4. tlivaeldtef adalirdesiegnat i on
PELLETHANE f r om Dowsiia @ificE@hprsebeOlb aa el gedaity cﬂﬁd’nt,d.l Gilladet tl‘ctyndEEELLET| | ANE
21 @2- 650. Ot her  sUjoh ablofunifBl Bl hBkSndpRGl Ml RRhNEL TY bRNRah&bePt hal at es

PET such as, f avai |l abl e
l(JndeZ t he trade dce%g]inn‘gﬁa]giflﬁrﬂeg&gd‘e%s'axpogsqbE%te’sg lf gcal\(ljﬁc n@éer sheet s

(e.g., rubber shedl$ aval'ﬁ '6‘1 ehe PEH dg%mm“’ahe & preds™honge Rubber
Products, |nc.'9 Sapefifid st G‘ngwﬁd@fh (of rgetr) %T&l*é“’“&gs‘?“g‘ﬁé’f‘f“b"ﬁ BONDTEX) .
10l n sone exerrpl arryre dmengngk rpPRESTom phott PogmitaTepuisatPsmadertr idinpbgutt o t he
present disclosure pﬂfﬂ)}ébohamwﬁefvﬁha(ommadmaﬂifﬂ@ﬁ'ﬁut\ﬂhﬂlr&)abtﬁﬁ;doolp.ﬁi a Cwr
process, for exanp}iggni mproved within wafer polishing uniformty, a

flatter polished wafe ield from
t he waf erIo %I pr o fn ﬁé@\,}%@pg "mb%ehtmoqfﬁ%?alﬁ ﬂQ &9& el cccor%lf

ores 1 the forny of aﬁ ofsc 'mnqgwherel ea %hanne extentliéa ross at least a
consi stency. Wil nt 5h B a“BY PEeufat theory,
t hese advant ages f&“?‘?ﬁ?hei"éé’% %”fﬁfeﬁﬁﬁﬂrﬂﬁﬁ‘mﬁﬁ?'is‘}‘i‘g"‘tﬁe“‘tpﬁ“é’abﬂidl"l shi ng
surfaces of the pdiqcipheemgihopeigtaitegolifhingmtacd Breferavhyyrhch eherpe! dxeyder
underl yi ng t he suppes tbe chigepaishing fuliet @ixgregbddigyvoldigogilaentpaldesdn Ng el enent s
“float" in a digeal b subslisantskad.! ook dbodafs (Ol 1 shi ng
sur face of thesel epRats thm{sz,ﬁenmggmh@%lomw&mmi@m el RhePRGHE0 2

wor kpi ece during g, p LMQQEQ?AC&E&% “ﬁ“’”"ﬁ{ﬂ‘e %lp‘[ﬂre enpodi nents, decoupling

of the polishing sur rrents fromthe

conpl i ant under I ayer révfbmmﬁl ﬁ%?%t“‘é%&“‘ﬁi}‘ﬁ RE r"f) P“ﬁ?‘sl'"ﬁ’ **nto the
polishing article VW“W**B%@TS""@'E}F B s P etRIP PR B ural ity of
apertures extendi rignvisicaagrorntingion thirete Ipbreptexemflanirpodiménis ths teptvefj or
surface to a secongh ampdina Seidhadeniaphens e plishhgaste o@hepdishing on of each
pol i shing el enent fxheRdBudk RbOn Be Qo LSRN0 P RRRE NI . NG WheErein
each polishing el %LEEEIJW e%&%gﬂﬁhe% W&B&'Q&Jf&%%ﬂ;@% a%%}t%ﬂ‘d mil or

surface of the 25%"{)stantuall ang]#elfto the rpo ﬁ‘nmﬁ Qirface o?:?e polgéjno eierfeﬁ)ts is self:c{ed tﬁaem ch

preferably conprises y be used
to maintain the sﬁ‘?ifaf‘ﬁf“’“tﬁb‘i“@ﬁf‘l&afelméff?mﬂ?s('t?b)l“i”é‘}‘lPﬁQO ¢8rface, as well as
to maintain | @eral nbdeivemdmplef entbévanend tapppiidyomay brebsypidly shi ng pad. I n
ot her enbodi nment s,inchGWEME Kuch ot HRid Gptot cBrEArd sGhstia@ @ut plp@k@lyic@npia@ible r €qui r ed,
because the spati alpdiid :GofiRbpleM ddoted h@ra MOohsBkl sGce Sh SRESMmSlac) S

mai nt ai ned and | ateral novenent is prevented by bonding the

30el enents to the support |ayer, prefdfrably by thermally bonding the
pol i shing el enents



directly to the support layer. -20- The optional guide plate can be
made of a w de variety of materials, such as polyners, copolyners

pol ynmer bl ends mer conposites, or conbinations thereof. 8
non- conpl i %R0 1’0@8?1&2 onducting and |iquid inperneabl e poT?TfE?%"EW““ 2
material is generally preferred, and pol ycarbonates have been found
to be particularly useful. 5In further enbodi nents, polishing pads of
the present disclosure nmay further conprise an optional polishing
conposition distribution | ayer covering at |least a portion of a first
maj or side of the support layer, as well as the first major surface
of the optional guide plate (if present). The optional polishing
conposition distribution |ayer nmay be nade of a wde variety of
polymeric materials. The optional polishing conposition

10di stribution |ayer may, in sone enbodi ments, conprise at |east one

hyd rop hilic p0| y n%&bodlﬁgnﬁ fth% gugp%giaﬁi/ng; 89@1 & ah 1hlgﬁ1!i %Hﬁi];m% m tegg sulééja?a

pol yur et hanes, pol net hyl enes,
and conbi nations t° Xther %Earrem%c’d‘mn%s t(}ieerEm ﬂyer%he pol i shi ng
conposi tion |ayer Pf?ﬁ&?""d’&ﬂ’?ﬁfﬁ“‘é“é”%“"ﬁg}’&?‘ﬁg@ﬂ“ﬁ&i“@“ﬁ’ polymeric @gjics bag  f or
exanpl e a hydr ophivtefered goteyeineniofinge clesrd cpldtapeiey Selpufered, atiygitio them absor b
wat er, preferably emppdigensangen of fodhbab@ued. I :iddioraBeuplatGBbgieseent by

wei ght, to provi denegoibntddmboQihoe Bited A6 B GHgEH 190G 2sR Mithrdideddg Oper ati ons.
In addi tional exermlaHenRRIAAda HaR tufon lhmhgp&aygaaémpn&lﬂkétumﬂgm
conposition dlStFIB@%IQp | ayer conprlses a conpliant material, for
exanpl e, a porous \ or foam )r OVi ositive pressure
directed toward to suﬁgﬁ? ?E“HUFFW@' 6 TR 6“8B£W§FFW:%”20mhen t he
pol i shing conp8si tPrBfarfarrmdeidg or Sgparhergrg Bip Ffevse 8™ n certain
exenpl ary enbodi memtodiments.ie sugromyipie] ranroerigfiqufdneneid raghismigeeerdhposi t | on

di stribution | ayercnbgatselikatogidnatbaridat c@ ®grevetiaimnivitliguidyenplidnance of t he
optional conpl i antpeh@yed theoupkP®¢ Qgs 194 FuaBEinBBd: SbbddeSs, Wolld Open or
closed cells may Q@mﬁm@éﬁ&%&ﬂmﬁgﬂﬂkaﬁﬁknﬂﬁh@&hﬁh§w&ﬁ&h&ﬁ%g'ﬁ an

opt i onal p0| i SIE“ n 01%1911”99 1? attlle(?ﬂerfg%@&%%ge Elislgr{r% lpad%ghzorkplecegu%r tain

enbodi nents. In s I cular t1onal pol i shi ng

conposi tion dlstrﬂ%ﬁT on | ayer has between about 10 and about 90
perce nt por 0s it y. In certain exemplary embodiments, the support layer may comprise a polymeric

na)?an &ar cir Plo’ly mEr

material selected from silicone, natural rubber, styrene-butadiene rubber, ncoprene,
polyurethane, polyester, polyethylene, and combinations thereof. The support layer may
20 further comprise a wide variety of additional materials, such as fillers, pariiculates, fibers,
reinforcing agents, and the like.
Polyurethanes have been found to be particularly useful support layer materials,
i with thermoplastic polyurethanes {TPUs) being particularly preferred. In sore presently
preferred embodiments, the support layer is 2 film comprising one or more TPU, for
25 example, an ESTANE TPU (available from Lubrizol Advanced Materials, In¢., Cleveland,
OH), a TEXIN or DESMOPAN TPU (available from Bayer Material Science, Pittsburgh, -
PA), a PELLETHANE TPU (available from Diow Chemical Company, Midland, MT), and
the like.
The polishing elements may comprise a wide varsiety 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. DuPonl de Nemours,

-18-



In certain exenplary enbodi ments, the polishing surfaces of the
polishing el ements may be made flush with or recessed bel ow the
exposed ace of the optional polishing conposit

dlstrlbu ?@&@& ¥ Such enbodi nent s may be 30advantagegtgp§m%WB(3§ed
to nalntaln a working liquid, for exanple a polishing slurry, at the
interface between the exposed polishing surfaces of the polishing

el ements and a workpi ece. In such enbodi nents, the polishing
conposition distribution nay be -21- advantageously 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 with a workpiece. In further exenplary enbodi nents, the
pol i shing conposition distribution |ayer Smay act to substantially

uni form y di Stri bul.eyfuBel bt 10 GO ALLASK SMSaYL f ace of

t he substrate undergoin e uni f or m
pOI i shi ng. The poI { liscﬁyg r%edl%ﬁg%p!a?ngﬁol Ure ansetatpg%lyﬁlé&bp ly\i-mélalcm or

optional iy |ncludé“¢PﬁWFW§?fstant el enents such as baffles gr ooves
(not shown in the fi glheesi¥ing dspmmis gay agateiprify areipipred polymes opoligjul at e t he fl ow
rate of the pofi shkemgioonpbaiuingoiar cgurple, mgal pokuaghitengic patipulafear t her

exenpl ary enmbodi Meafssic e, P dobinkidg we-@ATRO St tkb. Odbertlin Shbbdidabtt, | ON | ayer
can include vari oygish@Ueess if tethhd H@& QM andWBL Bl RbuduckPoydfeidigVe desired
pol i shing conposi QR fe QW of Alo&Sertice, }ﬁéﬁ%}z!&&m%&m%ffd IJP the polishing

surface. In some exbogrlgents e]¥ctnca COIEfl:CtWB (‘):l merﬁ quch a‘; grewame polyamfines Egm&m I shi ng
el enents may incl (48 tore T &yl cavi d il thin the

pol i shi ng eleﬁ%nt‘”%F%HHG@“*@%EH”T@E m%@?%ﬂ@@ﬁﬂﬂ“@@“ﬂbt required In
sone enbodi nent s, AggerdesEciatyery prschEP00BPoBSTRERly ¢ hemdipr e of t he

pol i shi ng elenentcwawwbﬁe¢u@®w@emeors to detect pressure,
conductivity, capacit AB&eexenPEf YmbGdithehte hE Biishiael filrhbcokprikeRa corhphany €t

anot her enbodi MeNtaye: behlRd PRI slippddi NG opP R RN enibd Mehiid SrndeodinBAQY Xt endi ng
through the pad i r}na}déﬁ‘ﬁrga & By QHayQW alBbleant @ochdl suE}&%Ls b&@kﬂgﬂ syrface, or

g??/o\l/'l\/sfeof' r SBEB?: gra]‘% &swgl %rrﬁgsmgx{e] atan mte%'ace%gtvsvgr?i{eec%'fphaE))t?aﬁ rand the 59 port[ agregg gts(s:r i Lg d

in the co- pend|ng“U“§°”@PH@P%FBﬁ%?mF%T%ﬁP“ﬂﬂﬁWF@&?WﬂﬁgNﬁ““Gl/053 429,
filed May 15, 2008, tInpitggpmbpi@potsSiacqqaiamAR: yyrefbIENDRSlRdR svilDOW AND
SYSTEMS AND NETHORr@Fve SsuNGreti-inhSANMEns Surfdclyef tepelishind dqmamsppai €nt | ayer ™
as used above 2 S iwdiedadherhs folishind) Qi sk xedpldnpyhediimtnBAte sufff QAHY Ses a
transparent regi orampmsﬂ‘emummmmmdel Qfn a@acsmt.ﬁmbetmbma hs the sane
or different from fhgge&p?ary lﬂggents gw suEpor?layer%g&mbly mr;de%grggnpn%ss:gnpl ary
enbodi nent s, theel torial £ q ? f[ 2 @%em or may
be nade transpareﬁf’mﬁmmaena m%f%?mwma“%fm$p§£% SUFE" '8 tNE nat eri al |
or a transparent ﬁﬁ?%?fSfmﬂﬁ?mﬁﬁmﬂdQP%thﬁVﬁ mnty 22 rR P e

sui tably posi t?f onedrliepseq | ayer to create a transparent region. In an
al ternati ve enbodi ment some particular embodiments, the compliant layer may comprise 2 polymeric

material selected from silicone, natural rubber, styrene-butadiene rubber, neoprene,
polyurethane, polyethylene, and combinations thereof. The compliant fayer may further
comprise a wide variety of additional maferials, 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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30the entire support |ayer nay be nade of a material that is or may
be made transparent to energy in the range of wavel ength(s) of

i nt erest i an endpoi nt detection -22- appara .
Preferredq%béh@§§P@%t materials for a transparent e|eneﬂ%”UFQ$@?ﬂ%?
region include, for exanple, transparent polyurethanes

Furthernore, as used above, the term"transparent” is intended to

i nclude an elenent, layer, and or region that is substantially
transparent to energy in the range of 5wavel ength(s) of interest
utilized by an endpoint detection apparatus. In certain exenplary
enbodi nents, the endpoint detection apparatus uses one or nore source
of electromagnetic energy to emt radiation in the form of
ultraviolet light, visible light, infrared light, mcrowaves, radio
waves, conbinations thereof, and the like. In certain enbodi nents,

the term"transparenty, d riaflor ds , at | east
e 10 skvgneparent fg@@p&mn@& iR m@rﬁéco@pmmyer% sr&aasleast cast

70% at | east abouttﬁﬁgve'"%payTUiarﬁ§repemg Sm[a&egoﬁl%m%anfs 8% (fr% 1anout 959 of
energy at a wavel é1y P ‘f”“i*”h‘?%‘?"é%‘f‘y‘f‘ﬂ‘&’toxf’%‘im@’@?C‘t’i"p&i’?“f (&% r anspar ent
el ement, |ayer or “fe'é?gihﬁha"i'lsblet“?daﬁ’sW%dﬁwﬂft“ﬁ%lﬁél%ﬁgwow Chemical, | n some
exenpl ary enboédi nmeidiad, Mt bpeicuariy DI CT HANE\ZER-63Ds Other avitebipaategditincluden cert ai n
exenpl ary enbodi neBieSylendibrepth@as PEDREL 0 bxSdpleBighiaCy QARIMET WBelt I anspar ent .
In additional 15 @xesRhdd de LIRS RRISR Alalh888k noRe kL Shi Ng

el ement is trans p%@n&m ﬂagbléfnﬁRL@@a@é;pr\gs@sPL@y@ bergn,%c& he sspgport |ayer

are al so transparq_{l el gL LU dede“ er ary e I'ments, the support

| ayer, the guide plate, the polishing ¢onposition distribution |ayer,
at | east one pdli shi n{j sgr %ﬁ%’ﬁf” "’“E’B’jr““‘i‘%tLq BT MU ETEHE P HEFES i s
transparent. The p‘iﬁ‘é%”@rﬂay*lﬂf“§‘€i‘”tf§mt@es“‘§c“?5€f’lﬂtﬂﬁéf? refes. & eettiet 0 a et hod
of using a pol i shiimgpvg@adhirasfe20des erifporbiech fatemdished wefegsural an Blrtagg process,
t he net hod i ncl udiitegee Giondda6h i:hE]\glfeaanBldibrfaﬁC@IMfoce& otabshatfd W th a

pol i shing surface @fisdey PRhik SN:NG; PRULEAIR Eaatumghcay Bkifathd by Of

pol i shing el qunt Say r@sﬁnfloﬁﬁé&x 1§1£Jﬁﬁep91§shu§@?dﬂ9c oﬁﬁe‘%o]&% Qéd;[%%sﬁ?rgﬁl% L?;g;' ;’ﬁgy

movi ng the p0| I shi n hagtq erunlderlynagthefu rtlayer lge@}ﬂ aﬁowmgt ?ﬁ)hslgnge]eme{ltsto a wor ki ng

surface of the subStriate
liquid may be providet? 'E“ﬁ"“%i‘ﬁ“bi“ﬂ'ﬂa@’r“f"é‘@@“ﬁ ?R)é%?‘l‘fafeﬁ@heﬁ'ﬂef‘%‘ﬂ?%g pad

25surface and t he caiatiiag thegelighing pig fo apaskricSdyiripea pdlighiogwsectéd ng | i qui ds are
known in the art, andnseyenyelinfeasdrauplifeaftheextishimpiudaces pfithe bdliGng Pat ent Nos.
6, 238,592 B | ;206, 48denSakth t[maplaﬂdldéAQerZQﬂQWs&ﬁiby mcoxporatmg-ﬂhﬁhepm i shi ng
pads described her, pistithg BB a0 apﬁbm&@mpplaﬁnmmh DERIAS of afd@ureb &Je@&g vely easy
and i neXpenSI ve t%rcﬂ&w];u%sliugfgmaAsthijr?urfacgtl sgclgx%%a j8’5ul‘f9ce w§e93: t E,‘XE,‘ITD| ary

met hods for
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 elemenis on the polishing pad. In other embodiments,
however, the optional guide plate is not required, because the spatial orientation of the
polishing clements is maintained and lateral movetnent is prevented by bonding the

30 elements to the support layer, preferably by thermally bonding the polishing elements
directly to the support layer.



30maki ng polishing pads according to the present disclosure

i xdescri bed bel ow, which discussion is not intended to be exhaustive
or otherwise limting. Thus, in further exenplary enbodi pents, a

met hod of WRRPHE% ol i shing pad is provided, the met hobCT/§52009/051032
conprising formng a plurality of polishing el enents, and bondi ng the
polishing elements to a support layer to forma polishing pad.
Bondi ng of the polishing elenments to the support |ayer may, in sone
enbodi ments, conprise thermal bonding, or use of a bonding materi al
to effect adhesive bonding, actinic radiation bonding, or

conbi nations thereof. 5In certain enbodi nents, the polishing el enents
are thermally bonded to the support |ayer. Thermal bondi ng may be
achi eved, for exanple, by contacting a major surface of the support

| ayer with a surface of each polishing elenent to forma bonding

i nterface, and heating,iig, polalAI0.GLEURN SePRule SupPOT t | ayer

to a tenperature at ch the shi el enen nd.'s rt layer
ot ton el b o PR e o S R g AT TRE PR g
interface. U trasdff eIy ridrigryiuydnrragtlc rgmas 14t s ¢ her mal
bondi ng of the polgshiyngered. arefytadonaie hvhigendaypiyde partibuiigpeselol. | N some
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m xture of - 24- In certain exemplary embodiments, the polishing surfaces of the polishing
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elements 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 (o 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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i nconpati ble polyners in a solvent, injection nolding of porous
t hernoset particul ates dispersed in a thernoplastic polyner, and

conbi nat i In sone exenpl ary enbodi nents
polishingqgﬁéhgﬁpu%iave pores distributed substantlalIcﬁ?ﬁﬁ%ﬁgﬁﬁﬂpz
the entire polishing elenent. In other enbodi nents, 5the pores may be

di stributed substantially at the polishing surface of the porous
polishing elenents. In sone additional enbodinents, the porosity
inparted to the polishing surface of a porous polishing el ement may
be inparted, for exanple, by injection nolding, cal endaring,
mechanical drilling, laser drilling, needle punching, gas dispersion
foam ng, chem cal processing, and conbi nations thereof 10It will be
understood that the polishing pad need not conprise only
substantially identical polishing elenments. Thus, for exanple, any

combi nation or ar ra@vslﬂﬁe%l%leé?eﬁ to%r%yaﬁna%l thaSifbA8a &Lr&i@ﬁ%ﬁm@”d
non- por ous pol i shi or ous

i
p0| | Sh| ng e| en’ent ggg‘lmﬁ proc.esr Tl‘ln oTtmna cgl%mng&ro@essgs a[g!(fgl 'fLe EOLSI}'HH%SUFQIC&O er
combi nation or ar rSRYEHERMT bBE dpias BEE B §*H‘|‘*i‘ir§1“é? ements and
substanti al | y nonpor ott&mistqmalyy srgodistentntaapplishing Sprppyition distiputiagfayer
advant ageousl y3i n npestieibsiangatiioidhimedsigue golifhpg sym@sitpoicios e mdpeepld havi ng
floating polishi ngeebgamatgaidpmabg i@ msy fBURPOR tnitboly@ihing. free f ur t her
exenpl ary enbodi MRk cdnfitidA BlkoSd3k Re nRY onpﬁsean)tl&maeaayw BRuAbbRRged to form
a pattern. Any patf.gel E‘anrll;ﬁgéoot%?(néﬁm%tﬁﬂ&%%& aﬁofm QM@ngEQJ ngxanpl e,
the p0| I shi ng el em?e (:F %Wﬂéfomﬂ qm(1n gun% p{thmé In t?.tfher exemp[ary emgnldlmngnSI onal

arny, for exanple, iTcurar array of
pol i shing el erént dhe 1"1“?‘?’“%‘(5!’6'1“%‘?"?)‘%“51"““85!%%&‘ e ‘@’i‘f’b‘d“d?“r?é‘hff“‘é"“t t he

pol i shi ng eIenent§mﬁﬁ§mF%€*ﬂﬁ@d%ﬁF%Cﬁ@%@%§“ﬁ6ﬁ#§ﬁ$%d®@ﬁ@ﬁﬁﬁts and
substanti al | y nonpdstous-fpol i shing el enents arranged in a pattern on

t he support |ayer. | nmesk éxeniphary exvedifzhidbny or@ibaeht frRditgSlemdn@aypOr OUS

pol i shing el ement $ucR Y i RSB AGS RS Vit h RRGR 1M AnckRRBECt tO any
substanti al | y 1510 n QLQ’E‘I%]P&’IC@QLJ! r%chﬁe@ G s%&e%%&k&ts RPdeJchEd’?}l \9‘.‘5}2086%55@50r angenent

of porous poli shi ement.s r ous I shin f enments on the
OOI'E (&) t 60 1sl¥ngf ement ca.n l]’l U € sensors t&ﬁﬁ‘,{){lf&gufe g)n l.!.ll:tl‘o'ltyt he nu rTber

maj or surface of e

and arrangement oF”ﬁ&?ﬁﬁ@yﬁBWF§WFﬁU‘éP@H@W?@m?@TﬁE*V@“T%P“
subst anti al | y nonpsyiedyde 2pyisliavstinding theped fremd 8 thedigrtidn eormpbtp epplisking

advant ageousl y t o sofbeai my dgeshspagiylagerspeiol tehpang pqiding xmemngiow f¢FOr

exanpl e, in sane eedph-pinyngepadingBRiSss dkdind POt @yYadpals shing el enents
may 30be arranged pgpulsd fkhiagidaion RE @ostBLm&en} Br20find Bk sur f ace of
the pol i shing pad.e,aehsiBRhnhidby XNM&%%M%{O&;%%BQG%LEEWEN s may

be arranged subst hally near the peripheral edge of the major

surface of the pO|IS g ad. Such exenpl ary enbodi nents -25- may
desirably nmore effect ' Fym?%?%vﬁﬂé“ﬁﬂﬂﬁﬁﬁdeFﬁ&Fﬂ”e#%?mﬁxanple an

abr asi ve po i €hin gompnses 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 ot region may be transparent, o 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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slurry, in the contact zone between the polishing pad and the wafer
surface, thereby inproving wafer surface polishing uniformty (e.qg.,
reduced dishing at the wafer surface) as well as reducing the
quantity of0 ﬁﬁﬁkg)g?urry generated by the CMP process. gﬁgHs@mmnumz
exenpl ary enbodi nents may al so desirably provide nore aggressive
polishing at the edges of the die, thereby reducing or elimnating
the formation of an edge ridge, and inproving yield and die polish
uniformty. In other exenplary enbodi nents, the porous polishing

el ements may be arranged substantially near the edge of a nmjor
surface of the polishing pad, and substantially 10nonporous polishing
el ements may be arranged substantially near the center of the ngjor
surface of the polishing pad. O her arrangenents and/or patterns of
polishing el ements are contenplated as falling within the scope of

the present di Sl QRULE: peroret anell SEHEA D EIRAUIRIL S o PO i SHi NG

el emrents may be arranged |1 n a Lern Dy p acenent "on a nmmj or surface
of the support |ay&r® TR GlHerr eXesTaEry embodi ments, the 15pol i shing
el enents may be arr ang&E¥™ % a%t""eﬁﬁ’f"te’é*f“ﬁ“‘Ug‘i“ﬁij"“‘é‘st"@?‘ﬂﬁil“’d’ﬂcb"‘*d‘f the desired
pattern, and the slappdeve: ddoyregiontieiys sipgantglydisioente ehergviethe rogeolinder t he
pol i shi ng el ement sw@hdithendampbkea b gidiardedidn HERUs. Mgsrambxtadplad Maj Or
surface of the supp@lientsayebpe@idae ipbags Rachopol lbshionNg el ement at a
bondi ng 'nterfaceehﬁ&ﬁﬁﬂk@&%y@H@Qﬁhﬂﬁ@&é&g&mﬂQEEQBhQQMQ@QS havi ng

pol i shing el ement S{nr%&ﬁl chQav&‘?ad%w%vQ to m%%n%‘ﬂ& Fhﬁ&%}n%%@mﬂay have

various features aracteristicgs in a
variety of pollshfﬂ 3@“?85&F%W§“fWﬁm gﬁ§%‘$%§%ﬁFﬁ HSPEREr r ed

embodi ments, pbdli Sk ﬁ&“ﬁ@ﬂ?”ﬁf“%ﬁ@mb@%§€ﬁﬁ“ﬂﬁ@éﬁﬂﬁﬁﬂﬁmﬂ%®“be
particularly wel | lagibpueoefagrast ebbre PhPeLd nergreatahvaelene@ bf instea i imeizgst | on ( CVP)
of wafers used i n upanefgspkentiienng, iyabegivat @amoddntetthrbugh. and sem conduct or
devices. In certain ewempdhpiyldtbhlBkSor 15y & rfhrnd M B@in pad
described in 25t hlcamgarﬁcq.l,mumt.smynepcmm&tﬁcnagm lAE M@ E" Pol i shing

gﬁggdlt ngf“ 2.]’ ealénovt\enk:]em lpry e;n 0%1!‘09 1s, at least onarohshm% eqemglﬁgt%Fa%m, anthechesu eI g)s(ﬁ::rgl ﬁr&g

act to better retéVﬁ“ﬂmg%$ aT?ﬁﬁ?ﬁgﬂE@&mFﬁwgﬁgy6Wﬁ"6?5% bss at the
interface between StPPRE a6 i &4 vy teegpliphing eompppitiop Harioyignfaverptfeait e subst r at e
surface bei ng pol irgising dentehar sepmpingippkegefistrgsettie ef f ect i veness of the
wor ki ng |iquid in augmemtstordpclot i Sdvkaigpstedion n@0:0 ek : pRGIRgYRaE y

enbodi ment's,  ao POl ds&Bdd AgveRAGaliis REce, Mgnenel i@ Pihes@Rtutt 861 OSure may
reduce or el i m natsﬁ:suq{la §1tﬂ| Mshma& fa%g%g E&'& %br@l a(afuralm?pom%er surface
duri ng p0| I shi ng. ments g’t%st some o%ncg orous and re%geely m0vlng Me p%Wgéa% B1O| I shi ng

pad according to I SC rocess nmay
result in inpr ovedesWFﬁﬁ‘fbsWéeft%”Pmﬁ%ﬁ' Fﬁ"%“ﬁﬁ?t? (Srfcfﬁ"‘f’fempg flatter
pol i shed waf er surerigdimentsaporkingliuidgacbe preyideddRyainigfees byeet e pitsed he waf er,
and i nproved GWVP priseed te opercatipon guilidd votkugdavidrdkneonshest. e oy,

be found, for example, in U.S. Patent Nos. 6,238,592 B1; 6,491,843 B1; and
WO/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 1o 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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In further exenplary enbodi nents, use of a polishing pad with porous
el ements according to the present disclosure may permt processing of

| ar ger di t ifers while maintaining the required d f _
surface u%&ﬁ%‘l\ﬁ@zfo obtain high chip yield, processi nﬁ%ﬁ%‘l’@%ﬂ@m”
waf ers before conditioning of the pad surface is required in order to

mai ntain polishing uniformty of the wafer surface, or reducing
process tine and wear on the pad conditioner. 10Exenplary poli shing

pads according to the present disclosure will now be illustrated with
reference to the follow ng non-limting exanples. EXAMPLES
The followng non-limting exanples illustrate various nethods for

preparing both 15porous and non-porous polishing el enents which may
be used to prepare polishing pads conprising a plurality of polishing
el enents bonded to a support layer. Exanple 1 This exanple
illustrates the prc%ﬁ&n@%oi’nﬂlg a Jralig_gftpmislﬁh EIQ;QJm%&oRQJ; &e%lalskmg elgxle_ﬁ{re nt S
20(Exampl e | A) and, porouse RAl SALAG 4! SAELS, (RGMLe, b6 10 whi o
pores are distri but'ed su%st‘am i'al k' Thr ou hou FFe antire pol i shing
el enent. The por oU¥PPSFY BRiHY SrEfBRESREr &t ey & By " fiffect i on
mol di ng of a mi xt Uteieket s bpndineping Frtaiondindincest rbinafion: thgrect
supercritical @gas. A rhernopldasts ts ppiginy demetisha henliBSTANEETE 60DT3 NAT
022P, Lubrizol 25Ady@amngednddnt iefdinguhs pe abtir@ed, for &ho@l, @) @andyng OdJor havi ng a
mel t index of 5 atsu#dOheapd 330/ G of Qb pBMBRmSAL BGla8GldingPEl | €1 S Of
_t h e th e rno pl as_t ic ir[?egjac);{, la’lrd ﬁetaﬂ ol\éﬁxrggerxeﬁgmuj 1@&8}:0@ Hyeﬁga 1Ln$£}aLM|;t Ar _bu rg
I nj ection nolding »{glrchetf?es ol BULY, IO LoSs DU I;lg - ot H?:HXPG equi pped
with a 30 mm di aneter &P Rgr e seraw /5 2rs ! at cel evat ed
tenperature and pred&gr %’“‘g“émﬁ'iﬁ‘&cd Hitssonis wHEnepavgtee srdte SFsti R Exanpl e 1 A,
the pol ymer nelt Wensing Rferelshingleneet plaguipeiteer dn Speresyly pifeetol d runner
nol d (solid shot webodingnts@fesa@: ipnijedaare portiig iftedicrmhdaiggtzambdidind y nonpor ous
pol i shi ng el ement sichaty indige saopdiQdyds OuMuithiartp@detiapreféeryd eintdlindnG @l suppavi ty and
wei g hi n g 0.15 gr a%érﬁh@t@ﬁtempcrﬂu?c%fcater than the temperature to which the polishing
15 elements are heated.
In other exemplary embodiments, bending the polishing elements to the support
layer involves using a bonding material that forms a physical and/or chemical union at an
interface between the polishing elements and a major surface of the support layer. Such &
physical and/or chemical union may, in certain embodiments, be formed using an adhesive
20 positioned at the bonding interface between each polishing element and the major surface
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 elemeats by
injection molding of & gas saturated polymer melt, injection molding of a reactive mixture
30 that evolves a gas upon reaction to form e pelymer, injection molding of a mixture

comprising a polymer dissolved in a supercritical gas, injection melding of a mixiure of
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In Exanple 1B, nitrogen gas was injected under el evated tenperature
the polynmer nelt using a Trexel S11-TRIO outfitted

and pressure into

with a Mass Pul se Dosing delivery system (available from.Trex
I nc., V‘bbu‘?’ﬂ,mwg,“? esulting in formation of a 0.6% w w SV e

supercritical nitr

ni trogen 5and pol yner

ogen in the polynmer nmelt. The supercritical

32-cavity, cold runner nold (solid shot weight of 9.2 grans)

porous polishing el enents having a holl ow internal

%%ﬁunz

melt blend was injection nolded into the

to form

cylindrical cavity

and wei ghing 0.135g. and in which pores are distributed substantially
i re polishing el ement. The tenperatures

he extruder, nold tenperature, screw, injection

nol ding times and cl anp tonnages are sunmari zed in

t hroughout the ent
for each zone of t
10pack pressures,

Table 1 for conpar
Par anet er Exanpl e
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ative Exanple I A and 1E. Table 1 Extrusion

NORRRLSHS ) IRE GotahBor b LR RHR %-?’G{ﬁ
%ﬁsin]é%% U B, gl ("
};llrso?'ﬂe exemplary embodiments, the porous polishing elements have pores

2 . lenperature
plaﬁbpﬁl:yﬂer, and combinations Lm?eo .

distributed substantially throughout the entire polishing element. In other embodiments,
the pores may be distributed substantially at the polishing surface of the perous polishing
elements. In some additional embodiments, the porosity imparted to the polishing surface
of a porous polishing element may be imparted, for example, by injection molding,
calendaring, mechanical drilling, [aser drilling, needle punching, gas dispersion foaming,
chemical pracessing, and combinations thereof.

Tt will be understood that the polishing pad need not comprise only substantially
identical polishing ¢lements. Thus, for example, any combination or arrangement of
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 suppot layer.

In further exemplary embodiments, the polishing elements may be arranged to
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
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 advantapeously
arranged with respect to any substantially nonporous polisting elements to form an
arrangement of porous polishing elements and nonporous polishing elements oa the major
surface of the support layer. In such embodimenis, the number and arrangement of porous
polishing elements relative to substantially nonporous polishing ¢lements may be selected
advantageously to obtain desirable polishing performance.

For example, in some exemplary embodiments, the porous polishing elements may
be arranged substantially near the center of 2 major surface of the polishing pad, and
substantiaily nonporous polishing elements may be arranged substantially near the
peripheral edge of the major surface of the polishing pad. Such exemplary embodiments

235-
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204. 4 Zone 4 Tenperature CC) 215.6 215.6 Zone 6 Tenperature (Nozzle)
CC) 215.6 215.6 Zone 7 Tenperature (Nozzle) CC) 215.6 215.6 Screw

Speed (% i 2 2.5 Mold Tenperature CC) 32.2 10 .
8&8%@@%5 5 1752 Oor76855W 051032

Pressure Ni t rogen Concentration (%

may desirably more effectively retain a working liquid, for example an abrasive polishing
sturry, in the contact zone between the polishing pad and the wafer surface, thereby
improving wafer surface polishing uniformity (e.g., reduced dishing at the wafer surface)
as well as reducing the quantity of waste slurry generated by the CMP process. Such

5 exemplary embodiments may also desirably provide more aggressive polishing at the
edges of the die, thereby reducing or eliminating the formation of an edge ridge, and
improving yield and die polish uniformity.

In other exemplary embodiments, the porous polishing elements may be arranged
substantially near the edge of a major surface of the polishing pad, and substantially

10 nonporous polishing clements may be arranged substantially near the center of the major
surface of the polishing pad. Other arrangements and/or patterns of polishing elements are
contemplated as falling within the scope of the present disclosure.

In certain embodiments, the polishing elements may be arranged in a pattern by
placement on a major surface of the support layer. In other exemplary embodiments, the

15 polishing elements may be arranged in a pattem using a template of the desired pattern,
and the support layer may be positioned over or under the polishing elements and the
template prior to bonding, with a major surface of the support layer contacting cach
polishing element at a bonding interface.

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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in a CMP process may result in improved within wafer polishing uniformity, a flatter
polished wafer surface, an increase in edge die yield from the wafer, and improved CMP
process operating latitude and consistency.

In further exemplary embodiments, use of a polishing pad with porous elemenis
according to the present disclosure may permit processing of larger diameter wafers while
maintaining the required degres of surface uniformity to obtain high chip yield, processing
of more walers before conditioning of the pad surface is required in order to maintain
polishing uniformity of the wafer surface, or reducing process ime and wear on the pad
conditioner.

Exemplary poelishing pads accerding to the present disclosure will now be

illustrated with reference to the following non-limiting examples.

EXAMPLES
The following non-limiting examples illustrate various methods for prepering both
porous and non-porous pofishing elements which may be used (o prepare polishing pads

comptising a plurality of polishing elements bonded to a support layer.

Example 1

This example illustrates the preparation of both nonporous polishing elements
{Example 1A) and porous polishing elements (Example 1B) in which pores are distributed
substantially throughout the entire polishing clement. The porous polishing elemeats 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
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 (Atburg 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.

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

elements having a hollow intemal cylindrical cavity and weighing 0.15 grams/clement.

27



Cl anp Tonnage (kg) 79832.3 36287.4 -28- k_.a _pm le 2 Thi s
exanple illustrates the preparation of a porous polishing elenent in
whi ch por &g,al ributed substantially only at the pgl.jshi
surface of gﬁﬂﬁ%ﬁént Nonpor ous polishing el enments merﬁébﬁg@ﬁ%%unz
pr epar ed by i njection nolding a 5thernoplastic pol yurethane (ESTANE
ETE 60013 NAT 022P, Lubrizol Advanced Materials, Inc., Ceveland, OH)
having a nelt index of 5 at 210C and 3800 g of force to form
generally cylindrical polishing elenents neasuring about 15 mmin

di anmeter, as described generally above in Exanple I A The polishing
surface of an injection nolded polishing el enment was then | aser
10drilled to forma porous polishing el enent using an AVI A 355 nm
ultraviolet |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 watt E)Exaﬁl;lgmamu%&é‘é}s &a@ah?m@ﬁ&a%%ﬂd é;%@ramn&?e?smko 300

nmm sec (run tinme t i eC l 5Exanple 3
Thi s exanpl e |IIusﬁﬁ%pmﬂmnﬁ@mn$éﬁaﬁgfﬁgﬁm9e}%mﬁwungﬁﬂ%ﬁ)us pol i shi ng

el ements (Exanpl e &5 8 G5 8?@5%“ ?ﬁlﬁﬁmﬁﬁmgﬁﬁﬁﬁﬁF§‘T@&%ﬁﬁle 38) in
whi ch pores are di%trndisedotsursiybiod wiepch i e glygimst He supsrraticggirdeshi ng

surface of thesel enpplime el blipewd: pieqrpogioldg inplthe Plechvity, soldofneoivlitadl s f or ned
on the polishing sufaneto.2Rs duSRe bdisihd et h-anpnéiswy wet.e prepar ed
by injection nol digui &AGhHIRRhiasl b, mﬁmnﬁteh@éa@m(uﬁﬂmlﬁ E 60013

NAT 022P, ava|Iabhﬁm&hgng&Hgkkgggm@gvanced Nhterlals I nc.
Cl evel and, OH) having_a 3800 of force.

nmel t
Pel | et s Of the therm oIS e tem]Ef:ratureq for f:a?/'l Zone ffthe e‘druder lg tellppeaturc s(irew ua tmEn 9 el 100
ton injection fiol dFRFSPFRELRgE @FdWE8ﬂ?ﬁ@FfmmfﬁﬂmT“Vdﬁk PA)
equi pped with a 25°Fprticl Bamme &yagiPngl e screw 25(L/D = 24.6:1) at
el evated tenperature and pressure to pbduce a pol yner nolt.

Extrusion Parameter Example 1A Examplc 1B
(Nonporous) (Porous)
Zone 1 Temperature (Feed) (°C) 182.2 182.2
Zone 2 Temperature °C) 187.8 187.8
Zone 3 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 2.5
Mold Temperature (°C) 322 100
Screw Pregsure (ke/cm?2) 105.5 175.8
Nitrogen Concentration (%) 0 0.6
Nitrogen Injection Time {seconds) 0 1.5
Injection Time (seconds) 0.29 02
Peak Injection Pressure {kpfcm2) 1863.1 1687.4
Pack Time (seconds) 25 1
Pack Pressure (kg/cm2) 703.1 246.1
Cool Time {seconds) 12 14
Clamp Tonnage (kg) 79832.3 36287.4




The thernopl astic pol yurethane nelt was injection nolded into a
2-cavity, cold runner nold (shot weight of 34.01 grans) equipped with
a ribbed nold insert in one cavity and a blank nold insert in the

ot her caviW?.zn}PW@”ﬁz'ﬁj ection nol ding conditions are sur‘r‘r‘rﬁﬁ"?%’(?"?/?i’mf’z
Table 2. 30 -29- Table 2 Extrusion Paraneter Value Zone 1
Tenperature (Feed) CC) 49 Zone 2 Tenperature (C) 193.3 Zone 3
Tenperature CC) 204.4 Zone 4 Tenperature (t) 204.4 Screw Speed (rpm
300 Mol d Tenperature (C) 12.8 Injection Tinme (seconds)

Example 2
This example iHustrates the preparation of a porous polishing element in which
pores are distributed substantially only at the polishing surface of the element.
Nonperous polishing elements were first prepared by injection molding a
5 thermoplastic polyurethane (ESTANE ETE 60DT3 NAT 022P, Lubrizol Advanced
Materials, Inc., Cleveland, OH) having a meltindex of § at 210°C and 3800 g of force to
form generally cylindrical polishing elements measusing about 15 mm in diameter, as
described generally above in Example 1A.
The polishing surface of an injection molded polishing element was then laser
10 drilled to form a porous polishing clement using an AVIA 355 nm ultraviolet laser
(Coherent, Inc., Santa Clara, CA) operating with a nanosecond pulse rate, repetition rate of
15kHz, power setting of 60-80% (0.8 — 1.1 watts) and a scan rate between 100 mm/seg to

300 mm/sec {run time total of 29.8 seconds and 13.2 seconds).

15 Example 3

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
palyurethane (ESTANE ETE 600°T3 NAT 022P, available from Lubrizol Advanced
Materials, Inc., Cleveland, OF) having a melt index of 5 2t 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 clevated temperature and pressure to produce a polymer melt.

The thermoplastic polyurethanc 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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1.25 Peak Injection Pressure (kg/cnR) 2109.2 Pack Tinme (seconds) 9

Pack Pressure (kg/cnR) 421.8 Cool

(kg) 3628

support | ayer.

be arranged in a two-dinensional
FIG 3A) positioned on rel ease |ayer 34. Support
over the exposed surfaces of the polishing elenents 4'.

Time (seconds) 50 C anp Tonnage

Figure 5 illustrates one exenplary

usef ul in7‘pﬁ§"%’fl¥f&% for thermal bondi ng of polishing e%gﬁﬁéﬁ%w%émé

A multiplicity of nonporous polishing 5el ements 4' may
array pattern in tenplate 30 (sec

| ayer 10 nay be laid
Rel ease | ayer

34" may be placed over the exposed surface of the support |ayer 10,
and the entire assenbly may be pl aced between the upper platen 36 and
| oner platen 38 of a heated press. 10It will be understood that the
rel ative order and arrangenent of elenents in the exenplary apparatus
may be varied wi thout deviating fromthe scope of the disclosure.
Thus, for exanple, the support |ayer ;thay be pl aced on rel ease

Iayer 34 and overl ai d wth-the tenplate 30-before—ar+angi ng the
xtopsi n:]’ Amqtqr o] . Y alpe .

nonpor ous polishing el b2 1 Tombelind (ol e EASTORAT—ar & pattern in
the tenplate, and overt ay'?thQTehm'l:‘erafﬁJet"é”gcJ elrementgywi-thr-{L5r el ease
| ayer 34'. Furthernor ¢ POLOVELRFRLPE Ty €t EMENt 534 TTHY pe
substituted for nonpofous zpRhimtki@cel ENENT$ 4 p@sany nunber,
arrangenent or conbi N@t | ORcrew Speed (rpm) 300

Mold Temperature (°C) 12.8

Injection Time (seconds) 1.25

Peak Injection Pressure (kg/cm?2) 2109.2

Pack Time {scconds) 9

Pack Pressure (kgfcm?2) 421.8

Cool Time (seconds) 50

Clamp Tonnage (kg) 362874

Figure 5 illustrates one exemplary apparatus useful in the method for thermal
bonding of polishing elements to a support layer. A muitiplicity of nonporous polishing
5 elements 4" may be arranged in a two-dimensional array pattern in template 30 (sec
FIG. 3A) positioned on release layer 34. Supporl layer 10 may be laid over the exposed
surfaces of the polishing clements 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-dimengional 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 a2 method of thermally bonding injection molded

20 thermoplastic polyurethane polishing elemeats prepared according to Example 1 to a

support layer film comprising a thermoplastic polyurethane.

30



Exanpl e 4 Exanple 4 illustrates a nethod of thernally bonding
i njection nolded 20t her nopl asti ¢ pol yuret hane polishing el ements

Pher mopt o PATIPS ot hane. -30° " Pol i shing el emch LOCRRE

di aneter) were formed by injection nolding a thernoplastic

pol yur et hane (TPU), ESTANE 58144 (avail able from Lubrizol Advanced
Materials, Inc., Ceveland, OH according to Exanple 1. The poli shing
el enents were arranged in a generally circular two-di nmensional array
pattern using a pol yearbonate 5tenplate as shown in FIG 6, and
bonded to a 26 gmthick support |layer formed by extrusion of a

t hernopl asti ¢ pol yurethane (TPU), ESTANE 58887- NATQ2 (avail able from
Lubri zol Advanced Materials, Inc., Ceveland, OH) into filmform at
182C. Ther mal bonding was carried out in a heated platen press

(Pasadena Hydraulics RjigssacntRPany dafk) Myt @St antial Iy as
shown in FIG 5. The, 19t9§&yu,@tl1,,§g<% Kot AU aaaaalwo%qllt,%;mw{@x' nat el y

1433C, and the Iovver al_ne roxi mat e . 7C.

Sufficient pressurd™y ”Fl¥"€8aa8°rﬂﬁ$R"eE"ﬁ‘8'rﬁf érgetpglgl@'tg\?\g‘@ﬂs "fcﬁe TPU
pol i shing el enent sméﬁélmf‘ ﬁ@#’PU“'S‘WUF’FW‘P'&% pattergiipsaolsfBiore posi t i oned
bet ween paper fel eageecissmarisFi@s aghovwhiop 79 1B hGEk sufport 1Bgriidredly was
substantial | y conpkatia oamamephiit @renmaditeo), B0asseencsr: Ahikesrt her mal |y

bondi ng the TPU SURRQi Aavin@¥RieiliOnd, bRl WYupab s Ri@isdbel enents, the
paper liners were fe”&V&&l bfnangwas%%&é lﬁlh%fd 1Ltéar§%§39&§;id n§ﬁ,ﬁs&mof TPU

support |ayer vmth t nts, as shown

in FIG 7. Exanpl €8 °"§x“é ]?( "“’% sf‘ﬁsmnéat”’f aé?‘%w" "1 R q £t m?waf hermal | y
bondi ng i nj ect'’on HBrEdY aPQ‘BT'ﬁ*@\? AP Fé%"t“l"&““ﬁﬂf‘%?tf?sé?‘r‘fﬁ%a‘ pol i shing
el enent s prepar ed 2pEsiordi 24§ Ct BTEsaprrirevag appligs tomaka sppses pEvetn iy 83U £ i | m
conpri sing a diff esems-dtiReranbBTasuipot e widr vt paitiaed between paper

release liners as shown in FIG. 5. Bonding was substantially complete and uniform after

30 seconds. After thermally bonding the TPU support layer to the TPU polishing

15 elements, the paper liners were removed to yield a clear integral sheet of TPU support
layer with thermatly bonded TPU polishing elements, as shown in FIG. 7.

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

20 thermoplastic polyurcthane polishing elements prepared according to Example 1toa
support layer film comprising a different thermoplastic polyurcthanc.
Palishing elements (6§ mm diameter) were formed by injection melding a TPU
{ESTANE 58212 (available from Lubrizol Advanced Materials, Inc., Cleveland, OH)
according to Example 1. The polishing elements were arranged in a gencrally circular
25 two-dimensional array pattemn using a pelycarbonate template (FIG. 6), and thermally
bonded to a 122 pm 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, K8) 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 pst (about 275,790 Pz) was applied to the TPU pelishing elements and the

TPU support layer, which were positioned between paper release liners as shown in
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Pol ishing el enents (6 nmdianmeter) were formed by injection nolding a
TPU (ESTANE 58212 (avail able from Lubrizol Advanced Materials, Inc.,
Cl evel and, ccording to Exanple 1. The polishing el re
arranged ﬂﬁgg%ﬁﬁﬂ%?%lly ci rcul ar 25t wo-di nensi onal arraﬁgﬁg%@gﬁﬁunz
using a polycarbonate tenplate (FIG 6), and thernally bonded to a
122 amthick TPU fil m support |ayer (Stevens Urethane ST-1522CL,

East hanpt on, MA). Thermal bonding was carried out in a heated
pl aten press (MC N-800 single platen press, Pittsburgh, KS)
substantially as showmn in FIG 5. The upper platen was naintai ned 30
at approxi mately 149C, and the | ower platen was naintai ned at

approxi mately 26.7C. A pressure of 40 psi (about 275,790 Pa) was
applied to the TPU polishing el enents and the Tpu support | ayer,

whi ch were positioned between paper release |liners as shown in -31-

FIG 5. Bondi ng Wags §_Lht3§atn%oa§ bladity CRPMRL £ SirANHer W LQ Mf ter 15
seconds. After theregn[% Ib%d. { he TPU

n he TP ort | r tat
pol i shing el ement sﬂ: he "éggig?h{]s??ﬁoé??“wgg@%g%ﬁ"\%eel?fl?'%tﬁeﬁpgﬁ" "a cl ear
integral sheet of “PRUPLHIHEIEE “raysr WecHTY erharr fehtéeetpu
pol i shi ng el ement sTPU sligimegipmpats. Exanple 6 illustrates an alternate
nmet hod of ther fal ls‘%’/i bondi ng i njection nol ded thernoplastic
pol yur et hane pol i S¥™§%el ements prepared according to Exanple Ito a
support layer fil m cobpriciilltgrateyer spenae pthod of Bioeslly boHingigjecinapiteAt s (15 nm
di amet er) were f origedpldse plyngeidod polding RiDteds orgareg acdofdlds b EAafbleANE 58144,
avai |l abl e from Lubfgh#@dye Advaparghterial s, Inc., Ceveland, ON
according to Eyanple bcnslﬂ;p@em&el(ﬂsammmgmﬁk@erm%&imo@m@&%awd directly

on a maj or surface, "%%éligﬁ&?l‘éﬁr%]ﬁé)@bﬁ@%?{doan&%gmzaisf%m {:1!;‘&1 oRp! yester

film (3M Ther no- Bon . 1 G nl'gang, ol AUl . and
thermal Iy bonded & SUBESr T PEYEF = TEFHEFE " BOat WY was carried
out in a heated plsfend Broesstiypaliadetig rpiee So(MRerprReaS S Hip. Vont e,
CA). The upper pl evsmwpwasst. fal ¥i)andtedallytbondgd priosbmmeityel y 121C, and t he
| ower pl aten was mai Ntiginaeshdiadwaapi Qi Mt biyten s PlsadenDufdfabticd ent
pressure was appl igg d PokBke %P Aaln NELNIBER alapRxiddRlY 1P lhehd Ng

el enents and the SURAQLT..| %ﬁ{n%vaﬁmpmmsﬁar&&ﬁeaemipg;amag%men paper

rel ease liners. Bondin S Su tiral’ly c | ete and, uni form
20after 20 seconds. Al ng %\é\%eﬁ@? mlpi@'“ﬁgﬁmﬁ%{sﬁ&doﬁ{g%@%gﬁb‘%’f? "ayer to the
W/ pol i shing el engfiftigned epyeen patpeielif-fefoatigat eb ety ved =t 8 VieT d a cl ear
i ntegral sheet200f a8 psesends. Ppyieqmalkf berding threyrpplayeyto ol edis*PU pol i shi ng
el enents. Exanpl e cmen@Biepgpamipkrewct rmbledis tididatcles intdrbshargf sypalt lofr t hermal |y
bondi ng i nj ecti on widiheedly 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.
Palishing 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 fitm (3M Thermo-Bond 668 Film, 3M
Company, St. Paul, MN), and thermatly bonded to the support layer.
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t her nopl asti ¢ pol yuret hane polishing el enents prepared according to
Exanpl e Ito a support layer conprising a different polyester fiIn1
Pollshlng elenents 815 mm di aneter) were forned by |njec% g

a TPU (ES g@T&Q avail abl e from Lubrizol Advanced Mit¥H gngﬂmn

I nc., Cleveland OH) 30according to Exanple I. The polishing el enents
wer e arranged directly on a major surface the support layer, a 102 um
t hi ck pol yester film (3M Thernpo-Bond 668 Film 3M Conpany, St. Paul
MN), and thernmally bonded to the support |ayer. -32- Ther mal
bondi ng was carried out in a heated platen press (HDC N800 single

pl aten press, Pittsburgh, KS). The upper platen was naintai ned at
approxi mately 149C, and the | ower platen was naintai ned at
approximately 26.7C. A pressure of 40 psi (about 275,790 Pa) was
applied to the TPU polishing el enents and the support |ayer, which
vere Sposi tioned bet Wegh, ARG GhaaRRa dhidGhiprBRRC: 51)951.4@@%@ .

substantially conple

af t e
Exanpl e 8 illustrdfes P'Mburﬁé{(ﬁm&mg?er? e wasm?”]iamec%tafzf’cfmmmyl rTr?Lgral film
conpri si ng 10pol i SHIETY B HERPY “BorHe ‘iﬂe‘ytz?ﬂéw b?fgol’l"é’%tr to a

conpli ant | ayer t7$%6tinvas aplﬂiM‘@WH@P%ét@eWmﬂF%@;mefSPWﬂaw%g’hlé'lwefPrent S,
After thermally bondiondpetvirepafePieleaselifppoBondiis aysebstahtliyteiveled RiUnpah | shi ng

el ements as descr ihed sichaExanpl e 4, the nmajor surface of the support
| ayer opposite the polishing elenents was affixed to a 1.59 nmthick
pol yur et hane foammameRi ant | ayer (Rogers 15PORON uret hane foam

Part #4701- 50- 20062- 04 pxa@fd sailui@sh « bR ARRI oitdhg flih Rln@Qompiigska, M)

by hand | an nag 0%&&@&%&%&%& ?&hmnmm&mﬁmnﬂgﬁp@ Transfer
Adhesi ve, 3M Conp ”&(nzg,noaﬁn abaul . The po |sh| ng pad was conpl eted

by hand | am nating a pressure 3M 442Dl . Transfer
Tape, 3M Conpany, St.“PA ﬁI”““‘“‘I\?)‘{I)‘s""Et ”f’ [ﬁgp” 'blfy)fu"r”gfr U‘%éSh'TgﬁlérPﬁm&%rrpl i ant
layer on a surf aceleipiasiamale f famaxonted S PPty @oppasiedre polishing. £ G 8 s
a phot ograph of a dgswinis sfirifegd padh?® ootk josirtgreformarplimglapdiaeshi ng

el ement s bonded t CCOROSWHHIE fobm, PBYHEI1;50-WhrR-HLobRIndd Iven Suepqaoiidible, ayer i S
affixed to a conpldnat v ubndiamesions 416 @uRSRes Y sMantrier ein a

pressure sensi {1 Ve, adResi Aol AHNGHEG:bAshl\Gs SOMRhBD3 D | aver on
a maj or surface opposite lﬁrﬁnstfemp&%c&mpahng to yet

minating a pressure sensitive adhesive 9‘/1 ?
anot her Bap ¢
St. Paul, MN)} to the polyurethane foam compliant layer on a surface opposite the

20 polishing elements.

FIG, 8 is a photograph of 2 polishing pad comprising floaling polishing elements
bonded to a support [ayer, 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 {0 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 2a 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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25exenpl ary enbodi nent of the disclosure. Exanple 9 The polishing
pad of Exanple 8 was nounted to an al um num pol i shing platen using

t he Transf essure sensitive adhesive on the bo

of the coﬁgpﬁgﬁﬁﬁﬁgﬁfoan1sub-layer. The pol i shing plateﬁéﬁﬁ%ﬁH&&ﬁ&ﬁ
pol i shing pad was then nounted in a CETR Polisher ((P-4, Center for
Tri bol ogy, Inc, Campbell, CA), placed into contact wth a di anond pad
dresser (3M Sintered Abrasive Conditioner A3800) and stressed under
various conditions (see Table 1) in deionized water for 5 m nutes.

- 33- After each test condition, the pad was inspected for

el ement debondi ng and none was detected. To determine if the pad
could withstand continual conditioning or wear, the pad was ran until
the tops were wore off at 8 | b/ (about 3,632 go, 60 rpmtable and

pl aten speed and 10 mmoscillation (4 cycles/mn). Throughout the

test, the pad was per k@dihalbddne BEGKREInHRkd Ak albMPnbh@sE Nt _
de-bondi ng, and nane;NAs JRLEGL BH pad B Jifials LSONRLL QRS (ALE weUMMar i zed

in Table 3. Table 3& wg:ga\l[l?lti?_tlnect]\ls \Aegzpvlorl ) I(J)[Eag:ogt 3,'63fi(2)gf;|,- QUt?'glnmetéb elaratplgtgl Speed
(RPM Water Flow dte (m/m n}p 128016

speed and 10 mm oscillation (4 cycles/min). Throughout the test, the pad was periodically
5 checked for polishing element de-bonding, and none was detected. The test conditions are

summuarized in Table 3,

Table 3
CONDITION Applicd Force (Jbo) | Table/Platen Speed | Water Flowrate
{RPM) {ml/min)
1 2 60/60 23
2 4 60/60 50
3 6 60/60 50
4 8 60/50 50
5 8 1007100 50
6 10 60/60 50

Using the teachings provided in the Detailed Description and Examples

10 hereinabove, individual porous and optionally, nonporous polishing elements may be
affixed to a support layer to provide polishing pads according to various additional
embodiments of the present invention. It will be understood thal 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 clements and non-porous polishing elements may make up the plurality
of porous polishing elements, Tt will also be understood that any number, combination or
arrangement of porous pelishing elements and substantially nonporous polishing elements
majv be used édvamagcous]y in certain embodiments to form a pnt.ishin.g pad having
floating polishing elements bonded to a support layer.

20 In one particularly advantageous embodiment iHustrating a unitary polishing pad, a
mutti-cavity mold may be provided with a back-fill chamber, wherein each cavity
corresponds to a polishing element. A plurality of polishing eflements, 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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25 2 4 60/60 50 3 6 60/60 50 4 8 60/60 50 5 8 100/100 50 6 10 60/60

WO 2016/069420 PCT/US2009/051032

10

20

25

cooling of the mold, thereby forming a plurality of polishing elements as a unitary sheet of
polishing elements with the support layer.

Reference throughout this specification to “one embodiment”, “certain
embodiments”, “one or more embodiments” or “an embodiment”, whether or not
including the term “exemplary” preceding the term “embodiment”, means that a particular
feature, structure, material, or characteristic described in connection with the embodiment
is included in at least one embodiment of the certain exemplary embodiments of the
present invention. Thus, the appearances of the phrases such as “in one or more
embodiments™, “in certain embodiments™, “in one embodiment” or “in an embodiment” in
various places throughout this specification are not necessarily referring to the same
embodiment of the certain exemplary embodiments of the present invention. Furthermore,
the particular features, structures, materials, or characteristics may be combined in any
suitable manner in on¢ or more embodiments,

While the specification has described in detail certain exemplary embodiments, it
will be appreciated that those skilled in the art, upon attaining an understanding of the
foregoing, may readily conceive of alterations to, variations of, and equivalents to these
embodiments. Accordingly, it should be understood that this disclosure is not to be
unduly limited to the illustrative embodiments set forth hereinabove. In particular, as used
herein, the recitation of numerical ranges by endpoints is intended to include all numbers
subsumed within that range (e.g. 1 10 5 includes 1, 1.5,2,2.75,3,3.80,4,and 5). In
addition, all numbers used herein are assurned 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.

Various exemplary embodiments have been described. These and other

embodiments are within the scope of the following claims.
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50 Using the teachings provided in the Detail ed Description and
Exanpl es 10her ei nabove, individual porous and optionally, nonporous
polishing elenents nay be affixed to a support |ayer to provide
pol i shi ng pads according to various additional enbodi nents of the
present invention. It will be understood that polishing pads
according to _ex aary enbodi nents the present invention need not
conpri se onl§ﬁ§ﬁg§%antially i dentical polishing elenments. Thus, for
exanpl e, any conbi nation or arrangenent of 15porous palishing

el enent s and 'non- perBihangssd canprvpza Rk of thymalybendeg pplisking ural ity

of porous poljefiahtdEad &MRNctishihf eléhbdts RLSRND GotRASERLAAH 2diREYe R
nunber, conbination or arrangenment of porous polishing elenments and

substant i al | aifssge PERSIPPOT laseiiwhgred) latveshmovergnt bethe nelshing plameatgaishs| y
in certain ephodh EpES, ﬁlgrefo‘?'fl{go%epg$lisﬁﬂF RRRAd 5;1@&111&&1 bl ,;.nggxrsg%l y

polishing el enents bonded to a support Tayer. 20In oné part

advant ageous eksmiguid ramsin mpydablstn art axisposmalrie & aelishinglsingdee nfthp pdlishig

mul ti-cavity I i WM -1 a r,..wherein
each cavity gfg}r%lf eg’gg% S eltg{%lq}a{lé %gﬁ?%bir?gﬁg‘? %E@H{’ Il.lgega %E’S %Faé’ ?ryha‘élf’g

pol i shing el &mtmapr sidharche seegndinmgdrsifie opositeltie fivdt ingiur sige, etteraknéash and

nonpor ous poli,shing, el enent as desct.i.bed rein, .nma e fornmed by

i ot ton moPHRERER Dt Esr HEoE R B R PP SRRy o
and 25back- f eletiemtg extérel fioae treffirdt magoin aidb ef thekippoit hyeisAdr afoktyiiectione! t
or anot her pol t ta forma support layer. The polishing

el enent s renﬁ?ﬁggﬁﬁﬂgéﬁtT@OEﬂ ®support |ayer upon -34- cooling of
the nold, thereby formng a plurality of polishing elenents as a
unitary sheet of polishi.n | enents with the support, |ayer,.

Ref er ence th%ougﬁ@ﬁﬂmﬁHnggﬁé%?¥‘E%F*%Wnﬂogw@ﬁém§WBﬁﬂ$ﬁﬁﬂFth"certain
enbodi ment s" comgRRioR disHbiBoLIFRQdbVERIAE & poifibn oPhHeNIPOThORBbr siddvTekher
or not 5including the term"exenplary" preceding the term

"enmbodi ment " ¢ K¥e% hat a particular feature, structure, material,
or characteristic described in connection wth the enbodinent is
included in at |east gne enbodi nent of the certain exenplary

embodi ments &f t hEhegobighing padsceontipsie. clams furtherecomppiting aerranliapflayene

phrases such,gged ioﬁll@éﬁgp&{ lét%}roﬁ QR BHS SRS majorsie 6EMhE SipBort laver and

enbodi nents”, "in one enbodinent” or Min an enbodi nent” "in 10vari ous

pl aces t hr oudspatishingicdemgntsei fi cati on are not necessarily referring to
t he sane

4, The polishing pad according to claim 1, wherein each polishing element
extends along the first direction 0.25 mm or greater above a plane including the

support layer.

5. The polishing pad according to claim 1, wherein one or more of the polishing
elements comprises a porous polishing element, wherein each porous polishing

element comprises a plurality of pores.

6. The polishing pad according to claim 1, wherein some or all of the polishing
elements are selected to have a cross-section, taken in the first direction, selected from

circular, elliptical, triangular, square, rectangular, and trapezoidal.
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enbodi ment of the certain exenplary enbodi ments of the present
invention. Furthernore, the particular features, structures,
materials, or characteristics nmay be conbined in any suitable manner
in one or nore enbodi ments. While the specification has described in
detail certain exenplary enbodinents, it 15will be appreciated that
those skilled in the art, upon attaining an understanding of . the
foregoi ng, may redfil S}E%E"‘Ell agger géﬂ"tl”é%&t WB‘?}E‘“F‘]E)? Plyahty of poihIngs . and
equi val ent s tRmkheaR readh FBMtSy sh6e? hSlisABk Klemehts SHBUALBSort layer.
understood that this disclosure is not to be unduly limted to the
illustrative enbodi nents set forth herei nabove. In particular, as

. used herein, gt he trRGliRhEPRAEIUIE T FAin 17 FRGER A6 RRIP SRS of &

i ntended to includgﬁgfllﬁ%%%er% Zggubsunea mﬁthﬁﬁ%%ﬁgt ran&go e?g.
lto 5 i ncl udpalisking glegents compijsg a thermgplggic palyumgthdns p polyacraldisi polornyl al |
nunbers used i o be nodified by the term'about'.
Furthernnre,dgﬁﬁﬁﬁﬂgﬁ%gg%?%ﬁgﬁgﬁg patents referenced herein are
i ncorporated by reference in their entirety to the sane extent as if
each i ndi vi dyal | i ] r t ent ;was speci fical.ly and
i vi dual |y ndl DRsRE e hIbER R, BRS P A Rl e e
exenpl ary entodermeort dinteasien Herw. ldesdo Bbech. These and ot her
enbodi ments are within the scope of the following clains. -35-
CLAIMS: 1. A polishing pad commsing a plurality of thermally bonded
pol i shing el @frent Ehe pelistingfadtaberfiag tosdding, @hasmnlissupfet 8w kympriseded
wi t hout an aghesiye.to a %or side of a support |ayer wherein
| ateral nove ﬂ?mp¥"?ﬁ%wﬁg$’Ehing elements with respect to one or
nore of the other polishing elenments is restricted, but the polishing

' [ [ I | | shi surface of
The. pol i shi nbl-6l S ERHEF SIA o PSHRAGOBIeR of GRIEHEP! e
conprises a slRRAEkleh@)Ee co@deABragivé pareduldi@] or side and a second
maj or side opposite the first major side, wherein each polishing
el ement has an exposed polishing surface, and wherein the polishing
el ements extend fTiRMolifiEnd paiStcoi®hOlo Hidq, QBerEiH@heﬁ}bﬂ’lE’rﬁ%el&ﬂé{ﬁsr aréll Ong
a first direction normal to the first major side. 2. e polishing
pad accor di ngjrangeding tpidimensionplayray pafishl @i themajopeife efthegpreendssei t i on
distribution |layer covering a portion or entirety of the major side
of the support layer. 3. The polishing pad according to claim1l,
further conptd-si nEhepobighigsg nadmecardipeio cidimlxwhereip onter mengpolishingayer on
a side oppositBetii&s .é§“5ide of the support layer and the polishing
el enents. 4. Tﬁe poli'shing pad according to claim1, wherein each
polishing el ement extends along the first direction 0.25 nmor
greater above, a - 14h3 i -he. s r v er . .iThe.polishing
pad accor di ng4't opt[%}:apr%}{f&é éﬂé&g}ré\ggtﬁg&%@qhﬁpﬁa}é? ljietsﬁ@1§ 06101 ) r’ﬁong
el enment s confansp@enta por ous polishing el ement, wherein each porous
polishing elenent conprises a plurality of pores. 6. The polishing
pad according to claim1, wherein sone or all of the polishing
el enents arelsel estethotiof heivea polishiag padseaipiising: t aken in the first
direction, selected It o G S uiloe ofh hiiRH S8k  bOAANGUL AL, FGUT

polishing pad according to claim 1;
relatively moving the polishing pad with respect to the substrate to

abrade the surface of the substrate.
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7. The polishing pad according to claim1, wherein the plurality of
polishing elements are formed as a unitary sheet of polishing

el ements with the support layer. 8. The polishing pad according to
claim1l1, wherein a portion or entirety of the polishing elenents
conprise a thernoplastic pol yurethane, a pol yacryl ate, polyvinyl

al cohol , or nmbi nati ons thereof. 9. The pol.ishing pad according to
claimi, wheﬁgi n frethasof SRKRg 2ee itk RadFVBTIEAE or nore di mension
fromO0.1 mmto 30fRHing ablralth6f RilishisPLieGeRt@dn@ccording to claiml,
wherein the support |ayer conprises a thernoplastic pol yurethane.

11. The polishing pad tBeeelvibengingshepolishing elempnis iarsuppopidayer emfoon a
entirety of Lhenpghhe MG EURALS. conprise abrasive particul ates.

12. The polishingpad according to claim1, wherein the polishing

el enents are arranged in a two-di nensional array pattern on the major
side of the pp The. rShi Yo . i glaim
T, “eherei nong or e @H&lsecomtly o] UfinER a3 uid o R R0l by
pol i shi ng padfedisiong elegettoinc mitamn befonhbemiatly boveling theppolishing ylemeits to
transparent. . t hod of using a polishing pad conpri sing:
contacting a”?%%ﬂﬁ?é%§# a substrate with a polishing surface of a
pol i shing pad according to claim1; relatively noving the
polishing pad with respect to the substrate to abrade the surface of
t he substrate. 16. A nethod of making a polishing pad, conprising:
formng a plurality of polishing el enents; and thermal |y
bondi ng the polishing elenents to a support layer to forma polishing
pad according to claiml1. 17. The method according to claim 16,
further conprising arranging the plurality of polishing elenents in a
pattern before thermally bonding the polishing elenents to the
support | ayer.
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