WD 2009/ 158665PCT/ US2009/ 048910 POLI SHI NG PAD W TH POROUS ELEMENTS
AND METHOD OF MAKI NG AND USI NG THE SAME TECHNI CAL FI ELD 5The present
di sclosure relates to polishing pads with porous polishing el enents,
and to nctWod8gssaraki ng and usi ng such polishing pads PGI/HS}96948%H0Ng
process, for exanple, in a chem cal nechanical planarization process.
BACKGROUND 10Dur | ng the manuf acture of sem conduct or devices and
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a series of dep03|t|on St & =ng materi al

| ayers and device Stﬁ(NDME?HOIJ\(HDMASMN@AN[FUBqu}mS)MMES chemi cal
mechani cal planarization (CW) nay be used to renbve surface
irregularities (such as bunps, areas of unequal elevation, troughs,
and trenches) renmining after t and etching steps,
with the objective of obtaini ngh]gEg%D&gt F#H‘P#tegﬁsurface wi t hout
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20 that is typi caIIy a slurry of abrasive particles in water and/or

an etching chem stry. Various CMP polishin [? pads for use with
abrasive slurries have been di scl BMIKGROUNRanpl e, U. S. Pat. Nos.
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abra5|ve pol i shi ng~pads are
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hor as ve CORDOEE e Bl Par ARy s a ROUHSG GOt POl o Shemicl
pol i shi ng hafadiey iphthafizdtidh (CRIP) ﬁiasrxbcqchdqelrérﬁmmrf@&ﬁ% 18riteX (@RALNg
froma conpressible underl ayer waS descri bed in WO 200605771

Al t hough withdearcasraf angauek elpiatipaironghs aub trecdey) reRiniag afterdbeldenopisionr t
cont 9SS sl RAFE BN AL TBLAXAbRBI AL AnBRHS af@y A withopt
particul ar In pr ocesse ere arg raneters are bei ng
used, or vmm@lcmorgdt@rcsﬁﬂﬂwe(ked)\sn af diviefigr wih hfghamifbmaitynessss drdwvafer

pol i shi ng ur}J formty are required. WD 20091158665PCT/ US2009/ 048940
SUMVARY 2% 1 one exenpl ary enbodi nent, the present disclosure

describes a polih ke BMP FAKRInE $rdgssda BhBsEraleishoh @fa Perbi i5 PreRgkd against
el ements, each of thc polishing elenents affixed to a support Iayer

so as to raadilpleely @Q@dawhrwmma wisking ppdin thePigeenas ehoking lidpid

respget 1 Qpatis typically a slurry of abrasive particles in water and/or an etching chemistry. Various

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

25 precisely shaped abrasive composites extending from the pad surface. Recently, a
polishing pad having a multiplicity of polishing elements extending from a compressible
underlayer was described in WO/2006057714. Although a wide variety of polishing pads
are known and used, the art continues to seek new and improved polishing pads for CMP,
particularly in CMP processes where larger die diameters are being used, or where higher

30 levels of wafer surface flatness and polishing uniformity are required.



50ne or nore of the other polishing elenents, but remaining noveable
in an axis normal to a polishing surface of the polishing el enents,
wherein at | east a portion of the polishing el enments conprise porous
pol i shi ng ¥PEMIAEESSS and wherein at | east a surface of eBEHUPWPAUB#EIO
polishing clement conprises a plurality of pores. In certain

enbodi nents, the pores may be distributed t hroughout substantially
the 10entire porous polishing elene$g E§_ther exenpl ary

enbodi ments, the pores nay be distr ubstantially at the
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of 5 r eactbUrs Tbshey b IaT B OR LeB RetRhn s of G SBisor, fsme

pol ymer, ipajtRalak SXcriphigcR®o@imetsiihg thbfed deaiivkddsubgariaRg by bolishing

dlssolved in a supercritical gas, injection nmolding of a m xture of

i ncodat i BrEagEsfrpetement comprise a plurality of channels having & cross-sectional shape
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15in a solvent, injection nolding of porous thernpbset particul ates
di spersed in a thernoplastic polynmer, and conbi nati ons thereof
Exenpl ary enbodi nents of polishing pads having porous polishing

el enent s WESPUIASP 0 t he present disclosure have vari oBSTABROUPERIO
and characteristics that enable their use in a variety of polishing
applications. In sone presently preferred enbodi ment s, 20po|ishing
pads of the pr sent Qsur cular d, fo
heni cal  mecharh e rd S ARYaTd RnopfRal il St iyl § b o
manuf act urhétod otheiigal wdisking gud fssdedtribed @bovadn d@atlgﬁnmuc@eshe Bthod
certain exenplary enbodi nents, the g&lrshrn pad. described in this
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exanpl e, | Rn3eRRe OLRIRI; @rorx;g@mﬁmy 1%, dﬁre&@wn’%@bmme@gm%r&rdanag to

t he 25present di sclosure y act  to befter retain a working I1quid
used ¥ n t helatwedy pmnesbemltsthve parhmeﬂlfreipectbethmeebstttaweopbﬂadsﬁrersgrfaoe of

f f th b f
ourTace. D8R0, GRS PR B G SR RO 8
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to the present . dr Iosure ce or elim nat di shi ng. and/ or edge
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di sclosure in a rocess resu Ini

pol i $hi ng drﬁﬁmfl@thﬂnoyousawhﬁamg @cmcmozco@@pqrsee%p@wwemwmmohc
pol i shed C N dncrease .in e i |eld fr waf er,
Do hos o B BB OSSR S8t Y bR BT
further exsewmpltal polanbadeientcionusddiaf ofia pakiisdigurp dt wdlres RGaouson

el ements according to the present disclosure ma rm.t prqcessing of
| arger di dF&EIER QB AP REP e sty aﬁmw&rﬁgﬁé@efof

surface unjidsorel tya d hff;cﬂpih@-él%db'1@&%‘?1'{%1&(1h§5§d 0T SAREhpRfibIEPE G mers
waf ers before conditioning O surface is needed in order to

mai nldi n poRisalpHgniestionmeldizgg Qﬁporrhe thrameset putipletes disparsadddaci ng
process trﬁr‘tgwgggst\(@ %rg%}r g%eco%%qﬁlaqggd hte}egper In certain enbodi nents,

CVP pads w oro erren S nay al so offer the benefits
and advant ages Exﬁmpmmvaﬂbwcbmaﬂltb eiMplphidg phdstiantmggiordia pelishing ¢leraantsuch

10as groove ut be act.ured por i bly .at 0
cost . “Var GRS e TR bretfe G oS R LAY COBBRT TRt GF0kne
di scl osur ehdipwge meamgc%l OPalishRY. apfiiQtiaRoOMS s&mgeﬁﬂwra@ftmd Shisdrehtd, 0

descri be each illustrated enbodi nent or every I nplenentation of the

preséht cavetighing pads p therpyesepidisnloparnmaybe pasecubnryowelt suitad éncherpicatThe
Draw ngs gpdptig B%Ql‘f&a?gn @?mbp%‘a{%& dsB@n b Jf%%rﬁgrﬁtc%éféﬁrcﬁﬂc&w Aaly

exenplify certain-preferre odi nent's usi ng
di scl osed semiconductor devices. In certain cxemplary cmbodrmcnts thc pohbhmg pad described in

this disclosure may provide some or all of the following advantages.
For example, in some exemplary embodiments, a polishing pad according to the
25 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
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
30 some exemplary embodiments, use of a polishing pad according to the present disclosure

in a CMP process may result in improved within wafer polishing uniformity, a flatter



herei n. BRI EF DESCRI PTI ON OF DRAW NGS Exenpl ary
enbodi nents of the present disclosure are further described with

20reference to the appended figures, wherein: FIG 1 is a side
vi ew of a WOIRP¥AHSHES pad havi ng projecting porous el enenPSTHEWOYHBNG
to one exenplary enbodi ment of the disclosure. FIG 2 is a side

view of a polishing pad having projecting porous el enents accordi ng
to another_ exenpl ary embodi ment of the disclosure. 25F G, .3A is :
per spect | ETOTEN A4ty g Separ Bt Rg Gy L APHR uFRh it ek Cvp
exenpl ary eedodspepatingodtithdreardicoadigsigye. FIG 3B is a top view of the
exenpl ary porous pali shingpg element of FIG_,  3A., FIG 3C.is a magnified
per specti ve vi eivfgther memplamsmepdingaisoiss of 8 ppUshingpad vatfeparowrelgments 3
after cross:§8&LIHOM: & QIR ay +Qll i d OUF | iARL kA rs while
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FIG 4B i STAPRVEFERTVE Oraliryre 8T BEPELETEET PIRPHg RPEEIRTURE: di ng
to anot h_erpo«iin_ﬁﬁg)tuaai]gcgtn«ausrtmcﬁena%rft:rI @ffﬁq_ﬁdﬂﬁord:c&&h(gqﬁé&ss titéu_:—: and Eba&lon]ft& Ibzﬁi a
perspective yiew of a porous polisnhing elengnt according to a furthner
exenpl ary cer%aas% ki C%%Ht %bqﬂa@%l}%&wﬁpa%w@ pasus polishing elepghts gy 3fsoa

por ous poldf@i@%cﬁéﬁw acﬁvtaﬁt@%cesquf(a&%icﬁﬁ&{ai l@ﬂfil{?‘%dﬁ 'ﬂ&viﬁ% SIFBRL tdxflrés such

direction substantia par al to the polishing surface according

t o ahl exemplgzooycs bborbnbhmanffa¢thesd dicse topsduetblyRit &lows® cost. a ni cr ogr aph
of the porous Rpellriostah imngct(‘?l'r?crz?&t ntgf s'ﬂf%@n? '% r?/fctm ol -Sdﬁlﬁccéii&:c?&’jup - ath €
element in a diTect oh subSt Anfia (f‘y oy el Y10 tf‘lle poﬁ I'shi ng surface.
10FI G 6A Hesn suninaiiegr dJhb abdvetSuennoy Gust pidrdsd todesaitiefcacleilmbtracdor ous
pol i shi ng . . . . .
embodiment or every implementation of the present certain exemplary embodiments of the
present invention. The Drawings and the Detailed Description that follow more
15 particularly exemplify certain preferred embodiments using the principles disclosed

herein.

BRIEF DESCRIPTION OF DRAWINGS
Exemplary embodiments of the present disclosure are further described with
20 reference to the appended figures, wherein:
FIG. 1 is a side view of a polishing pad having projecting porous elements
according to onc cxemplary embodiment of the disclosure.
FIG. 2 is a side view of a polishing pad having projecting porous elements
according to another exemplary embodiment of the disclosure.
25 FIG. 3A is a perspective view of a porous polishing element according to one
exemplary embodiment of the disclosure.
FIG. 3B is a top view of the exemplary porous polishing element of FIG. 3A.
FIG. 3C is a magnified perspective view of the exemplary porous polishing
element of FIG. 3 A after cross-sectioning the element in a direction substantially normal
30 to the polishing surface.
FIG. 4A is a perspective view of a porous polishing element according to another

exemplary embodiment of the disclosure.



el enent according to an additional exenplary enbodi nent of the

di scl osure. FIG 6B is a mcrograph of the porous polishing

el emrent of FIG 6A after cross-sectioning the elenent in a direction
subst ant i aYPyMHGF#E? to the polishing surface. FIG 7 i BCHURBYHSP4Aph
of the porous polishing surface of a porous polishing 15el enent
according to yet another exenplary enbodi nent of t he di scl osure.
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5conbi nati ons or arrangenents of polishing elenents 4 with pores

di stributed substantially throughout the entire polishing clenent 4,
polishing elenents 4 with pores distributed substantially at or near
only the poWOA¥§8ssur f ace 14 of the polishing el enent PAT/US20eP/048940
polishing elements 4 with substantially no pores, may al so be

advant ageousl y fabri cated. In the particular enbodi rrent illustrated
by FIG 1, I st
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a plurality of apertures 6 are fprow d extending t

pol i shi ng dBHIbERE Htdsesthelshinerytipesn 4 eoprprise arbuplie oﬁwoa@séyot showoint | on
of each polpghiygn &E%E‘iﬁ@ﬁlat"mﬁ%ﬁlﬁﬁgﬁllﬁsﬂ%@d@ Rf rlegagﬁ) Qﬁmn@g?’rr a othL'Hl

Thus, the pI urality of apertures 6 _serves ui d
pol i shi ng el@HalS alsyshopras %Hiﬁc?rﬁlu@m’aﬁqmsl@ dlsmbuted shistantiel Y

particul ar tﬁ%@ﬁbﬁﬁ@&n‘dr& fod!ﬁ&ﬁ@&l@ﬂermﬂr 'ﬂ er]exe Hbgd}ﬁ!antgﬁﬁsﬁfd@ﬁ in

sensitive adhesive |ayer 12, use t secure
pol i shi ng Ffd@ h bp@llastr‘gggpl |bg ﬁi(ﬁﬁg}ﬁb aheawresm distributed substantially at or near only

2009/ 1586GQEQJIMMaQé@@&Qhe%&%m@Qﬁ%&ﬂ FIG 1) of a CWP polishing
In

apparatus (no own adj acent to the support
| ayer 10, opposiAdditiprpdlypsithesnitisylacensdsnant dhstditsitlyiBbGt I, dmed myigning.

2Rlef Ie; ring teafehea ofe sHBRALAG 1 85‘&5’8&1&5%g SRR T hSin B Ift)n(r)ouls Bo zsﬂ%gpad
elements including both a porous polishing surface 14 and pores 15 distributed
substantially throughout the entire polishing element 4. However, it will be understood
that any number of polishing elements 4 may be used, and the number of porous polishing
elements may be selected to be as few as one polishing element, to as many as all of the

polishing elements, or any number in between.



shown, the polishing pad 2' conprising a support |layer 30 having a
first major side and a 5second nmaj or side opposite the first major
side; a plurality of polishing el ements 24, each polishing clenent 24
havi ng a n¥A@APIA§3F ange 25 for affixing each polishi ngPEIEREAYIBRI0L o
thc first nmajor side of the support layer 30; and a guide plate 31
having a first mgj or surface and a second major surface opposite t he
first major sur | de osr J.0ned tp arra

plurality of p(%:}c I s%lr r%e’e‘i errlebr?tus {08%?1}%81 1 qm%‘}d rneedagp&fnpm’e only
10support subyt@itiaBO identital tphleshﬁngreﬁémm Ar s foaemﬁgfle,gmy dembpinatich ¢l
distal fromthe support % As illustra ed@ FIG 2
each pol i SRERECTRITE rﬁmw%bi 18&8@”‘??‘6&?4 Ren-poTpLt pqlrafﬂagc fepigaRygReRehe

gui de pl atyg, tﬁclpara@gsgorapofrbLrs%hgrlﬁ%eaalnam guh?ﬁ(ﬁi%dnahe]}éhﬂl AR 2 hyiddre

first mpjor sid | 'east portion of the polishing élenments 24
conprfse porbirstiped Qrman@er@nemfmpbshmgi%{ﬂdelas 4 mathgiores Cknﬁ@mbut@rﬁubﬁa!emd:ltﬂ

I L
Eg:rglrjfsgg hl%ﬂig@(ﬁré Fﬂc c%?&tpoggr é@l‘fﬁig{ft Rg V&% rlgncqg"L%tés JIZJ RS ﬁrc% ﬁ ésfmbutcd
parti cul arsuemhndiljmmr richt cuﬂy rhatpetistiyg fdrface P4 ofthe bol@;‘hutgrwcrmt oumd

polishing elenents 24 is shown as having a ality of res 15
di stri but é&lléluﬁeflawertaﬁrrﬂwge W0 PRESS ALY 18P ‘S‘b?‘{ rrﬁ%r@ueré I58tcd4

In other exenplrameiﬁmmreﬁmaan{cmnuﬁa@mymcﬂ gouéaurgcm%
FIGs. 4A-4C), the Z20pores 15 are distributed substantially at or near

onl yl@ he rﬁbD‘rVS Rfrgd s fiese @dm sigf of the bppﬂqrtslhycmg O efoe preampde Byjdirect bonding

Addi t | onaltl) He s B%r%rp%‘g&a&t %radﬁgg?\%d'ﬁﬂﬁr 1r§11;1 g%'g&np@cfért!gh%hsér‘%buuon

t hree polrs I ng re S
el enent s Zdyeasewhﬂnh)myasope:rve us 2 pokie phtafyr éie@ﬁﬁﬂmg tlanbnisliingidirxainhlla

por ous poI shin ce. 14 a res 15 distriputed 255ubstant| ally
t hr oughout*" PHE! %nsgmoﬂgr ‘E&%"H’é‘fﬁ’ t %Optl%r’r\glrf’i‘? hing porgpqsitioge

under st oochlgtnamomyycﬁg mrdls@iblﬁgh B the bRk e rrﬁﬁraan%r ?&Mhﬁ@ sh§de tiRNd
t he nunber of porous polish |ng el ements may be selected to be as few
s

as ohe polill@mdﬁglﬁ@llel%grﬁlewﬁs many as all of the polishing

el ements, or ary, %L{IEQ& Fs 4 Eriuﬁgf)l [hﬁ pbH g&@,ﬁé&ﬁ{r}{o@mohhzdﬁdu 101{??&3/31 8 (guide

under st ood t hat e polis nee
30subst antplat) may htepttmtmabd pothiedinstmepj@l sedvarfitise Qx«ppothagrer lo‘torfacelnauepl e,

onbi nati on or nen f porous sh enent s d
o et aPHE BRASY Bt plisnRE kB Rt 5o il s sy peR S the
pol i shi ng @llaﬂﬁ@&&n&ﬁndnmlmmroh%a 9@@1@&151@@) i@e@b‘@a@mu{m&mm layc1 10,

conbi nat i ons or arrangenents of polishing elements 24 with
di st 29 but ¢@d gpeongd majen suifaganfshaprdighing Kempetiqnediggbuti lhs@r&(eﬁéwlatz}r

polrshrngg e Fst 4 if ¢ loBAT
only the plo}) 1P(Elgcsusr }%%& gggﬁgc?o t‘?@‘{ SFMgm ngb@ﬁ?@@%ﬁ% ,1 @L"ég (gl
pol i shi ng ;é&te)rrent s 24 wit h subst anti aI ly no pores, may al so be
advant ageousl y .5f abr.i cate ti naI ol i shi ng. conposi tion
di stribution | ay&P°® %111;@5 Beft F’Sﬂﬁ?}n% Emggbﬂﬂéﬁ" ?ﬂ@f gP?fﬂ?ri ng a
pol i shi ng JpEPEEESH disRiduasd 1a9aad gk ipfiid) A NE ANROSifeb @ Fibshtial hbﬂﬁh[ to
| ayer 28 ajds distribution of the working liquid and/or_polishing
sl ur$y to theHrst maioy sige af the support layer 10. If polishing composition distribution layer 8 is
also used as a guide plate, then preferably, a plurality of apertures 6 are provided
extending through the polishing composition distribution layer 8 (guide plate). A portion
of cach polishing element 4 extends into a corresponding aperture 6. Thus, the plurality of
apertures 6 serves to guide the arrangement of polishing elements 4 on the support
30 layer 10.
In the particular embodiment illustrated by FIG. 1, an optional pressure sensitive

adhesive layer 12, which may be used to secure the polishing pad 2 to a polishing platen
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polishing elenments 24. A plurality of apertures 26 may al so be

provi ded extendi ng 10t hrough at |east the guide plate 31 and the
optional polishing conposition distribution |ayer 28 as illustrated
by FIG 2.WO2009/15%65 | | ustrated by FIG 2, in sone enboBtHERRISY48HEN
pol i shing el ement 24 has a nmounting flange 25, and each poli shing

el enent 24 is af fi xed to the first major side of the support |ayer 30
by engage t S flange .25 to.the.s MRl or
155urface e“&gﬁi 3§%gggﬁmﬂ%¥m¥e%§¥aus%MP¥P3RI%Eﬁ%gsﬁg%gwféhing
el enent zzhdﬁmé:&m@imelsappbfalap@rmgqmmw thgpaipaingwoempationdidiriéalidn layer 8.

pol i shi ng ele 24 al asses throygh the, correspondi.ng aperture
b6 and ext ends B 61%?5 B %Wﬁal,% BT A0 S T R i de

plate 31. (fbW8E, thd 15921 ol 2 YorRibristipes ?ﬁ&i@la@@r whagﬁigqeﬁr@tl 134iBr 3340 and a

serves to gU|db t eral arrangenent of polish |ng el enents 24 on
t he slipporsecangdyreaioirie agiposits the Sest ewigagidag pitakity2deabshifg demento®4,cach

af fix each, 08,00 @Oﬁl&%%%%ﬁg p@&dn:?ﬂ% ﬁgn%:l v%r‘fﬁﬂéfr%g Beh eé‘oeilsﬁ Dafige R¥fent 24

| ayer 30.
pol i shi ng teklenfistmajadside & the agppbn 14yndm;andierguidy pllmli_er lgird sfsamaoent

in a direction sybstant. al.l normal t.0 firs or . side of .
support | ayHpcess H AEqe P ﬁuri?WH?%th%? Lyst mrﬁﬁ% fhe 6&5‘3%?]@“1 Hyer
30 by the lﬁglmelﬁ‘cd%érahaﬁgc tﬁé-plukdhtﬁ@%h@l‘i‘iﬁ@@l‘cﬂ?%ﬂ&%d ohhl‘lcsﬁﬂﬁpﬁ‘laﬁ?&ﬁé &

non- conpl irfant polishing el enment’s, for exanple, porous i"shi ng

el embht s trapparhlapessvidh e firss medar sstinsodsrida pld;c Sl digtpl g@aﬁhmpgort he
pol i shi ng ce. Such porous polishing el enents may be useful as
conpliant polishing el enents exhibiting some of the advant ageous
characteristi CS‘XSQﬂUSirdCﬂthM Hlane, qaot paih;hmg elmmlmt BcOéﬂertdse’ropamb ifiesd lneejor

S oo sntrada g e Séofﬂgﬁéfrbtrd* Bt b T ¢ fhaest rgor

using an a;cH&esqt\{@lsm&ﬁbﬁ ofab @ﬂhﬁ@&&ndr@%’ﬂc%rﬂ@%b%h@ﬂﬂﬂhﬁh cRihents,
i ntei face between the support Iayer 30 and the

20091&5866’8#’@“‘3@%2@9910@43@ gadL @mtaémbﬂm&el@enm@\ﬂ@v &nse potislorg peiaes Ay
t hod d e

o emont s St BUrHSt AR 00 Pn He deBlerb B4 B,

pressure. iBustiateddlyiEGi hgadi efthapsonsyolisbing skinghtsd@e inare shawml dsdnating a
li shi | h fot

P har ot or IR a5 pos bt At aRTerpalty Bie R RahE O e Barishine slogpent 24.

exenpl ary IgekeRdetgRiard @nbblnéats (BétaHo kM inHIG. 22butshewPinuriak | 44 4@? the
apertures nmay be arranged as an array of a ertures wherein at | east

a pof?i on MeFstiR@ragislyibiicd sutpsingialhatios aoa ofie the polisbingrsyctess 2aridicc ut

regi on of guide. pbakfs34d, and the undercut region forms a shoul der
t hat engaéﬁ I%ﬂ ebcorrespondlng polishing el ement flange 25,

t hereby ret ai nlmtghttdmellpoh itehartgubl embodim2edt illidthedibyrEGUR rthieg pa]mshmg
adhesi ve clements 24 are shown, and all of the polishing elements 24 are shown as porous pelishing
clements including both a porous polishing surface 14 and pores 15 distributed
25 substantially throughout the entire polishing element 24. However, it will be understood
that any number of polishing elements 24 may be used, and the number of porous
polishing elements may be selected to be as few as one polishing clement, to as many as
all of the polishing elements, or any number in between.
Furthermore, it will be understood that the polishing pad 2’ need not comprise only
30 substantially identical polishing clements 24, Thus, for example, any combination or
arrangement of porous polishing clements and non-porous polishing elements may make

up the plurality of porous polishing clements 24. In addition, polishing pads 2” having

8-



10bet ween the polishing clenent 24 and the support |ayer 30.
Furthernore, an optional adhesive |layer 36 may be used affix the
optional polishing conposition distribution |ayer 28 to_a first nmjor
surf ace ofwf’ﬁg"”é‘t]g(tﬁé plate 31, as illustrated by FIG 2PCTHSHAYP4PHN,
in the particular enbodinment illustrated by FIG 2, an optional
pressure sensitive adhesive |layer 32, which may be used to secure the

pol i shing 13Radigns 5r0drﬁn§%%%n§£¢]%&%iﬁé gﬁﬁgﬂg%éi ﬁ{ﬁg‘f@ﬁés Qflifdes?) Of 2

CVP pol i shi'ng appar at us OWn adj acent to
t he suppordubstaytitly B0ougippoide tetitipelighimgpdeptatld, Blishing elemehaf2é mrithngréso

FI Gs. 3A-38, .1he,cross-sectional shape qf 1he poligshi el.ements 4,
aken thr GUHPHSHBISERIAG X PerereTd trralshng et GEABARRy baraFit)
to the polddshidighlEhinkakencht 24V M@Etﬁnﬁﬂllg%){noﬁt%ﬂﬂﬁ'f’hlﬁ@b@ﬁﬁvﬁﬁ'ﬁgcously

i nt ended <:£€|_I cation. Although FIG 3A 20shows a generally

cyl i nélri cdrbistddshi ng el enent 4 having a generally circul ar cross

section as ill %ﬁfi@foggléﬁ%ﬁs%&%rﬁﬁosqtmi cﬁ&riﬁ&%\%a}cp% %%{?gﬁfggﬂg(rig%éa%ﬁe

14 of a polishing er Ccross-secti’ona

possi bl e anyFiGag. Daridesipphdhiee prcsenthaspticaaipotishirntanpdsoonexamipition
circular, elliptical, .triangylar, square, rectangular, and . . .

Cr apezor admee B i PP st fund bl dRiinadlin B e intivicea)
pol i shi ng RISKBR bR méniI Y| ﬁgplﬁraﬁ_tyrd}lét)éﬁqr&f D59 P A6 bOProdRicE BAVRHihd

FI Gs. 3A and 3B, the cross-sectional dianmeter of the polishi n_g ]

el emeht 4 thiough df leasé thegnidgahade Al pyd thaeations] pelishingsopppsiden digfriduidnace

14 may be {f : [ fmtyo about 20 mm in certain enbodi nents
t he cross-l?l;ecgg}ggggr&%?tg%g&iég fromabout 1 nmto about 15 nm and

i n ot her enbodiAshtustratduebyckl0s 8; maoni embbdidieatyptach polsshinporieradno 04 hs snun

to about 15 mm (ar 30,even about. .5 rnmtaq.abo 1 or. .

non- oyl | ndBRUae Aarech A eicamElang AphHg 22 el ot Gt Qhigggide of the
secti on, a;u{aﬂw RG&EI0 151 dngaghniBRnsS B cmp&ﬁii@mﬁ& 05 ed@ik 36do8H kdfort he
polishing element size in terns of a specified height, wdth, and

| ength. | rusfasaelithe suidnlavenil- AldeasboprriosebsprrelissTmodeioens 34 oxtends into
enbodi MentsSe, LB a3AEHGE 28! 4nd Q&W:fdiéhﬂ léﬁ-bé P51 & L& hrbR from
about 0.1 m%rt (E)ba‘aéllbogta’ﬁi%oL mm’”’ Inn eot er elxgr?p a?y engdo%%hent S, gkftﬁg
cr oss- sectdoomgionding apafure ag hndoltirshiongvacdlg fent thd firsh majadisndateiod the guide
general ly parall to the polishing sprface 14, ' be fram aboyt 51
2 o abdle 2l ofiwihe PARS ok ar Bitsel ardris Pl T 500 OO fBagerer
about 500 dfBgeraddof politBing@ldaentsehadheRippsst 146080, 300 talsd @nfapRngd With
about 250 mm2. The poljshing elements (4 in FIG 1, 24 in FIG 2) may
be dFStri aclbHangs 23 taafforeasht the correspadiag ppléshing clgrasnt 24 ¢ thasynpert 1, 30
in FIG 2)la§e'i‘ 38 Wi de variety of patterns, depending on the intended
application, and the patterns nmay be regular or irregular. The
10pol i shi ng el direatgentyy dnasg dpoleshinguiystean thieglolishing elewants 2¢ asfrdede e
of the s uqﬁc?crptenclle%yl? hhdecl)'éo displacement in a dircction substantially normal to the first major
side of support layer 30, while still remaining affixed to the support layer 30 by the guide
25 plate 31. In some embodiments, this may permit non-compliant polishing elements, for
example, porous polishing elements having pores distributed substantially at or near only
the polishing surface. Such porous polishing elements may be useful as compliant
polishing elements exhibiting some of the advantageous characteristics of a compliant
polishing pad.
30 In the particular embodiment illustrated by FIG. 2, the polishing elements 24 are
additionally affixed to a first major side of the support layer 30 using an adhesive an

optional adhesive layer 34 positioned at an interface between the support layer 30 and the
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there may be regions of the support |ayer that include no polishing
el enments. In sone enbodi nent's, the polishing el enents have an average
surface coverage of the support [ayer from about 30 to about 80
percent of WOREIH15868F area of the major surface of the sBPPEFIOYEGUP,
as determ ned by the nunber of polishing elenents, the
cross-sectional area 15o0f each polishing elenent, and the

Cr 0Ss- sectlo a.;of the |sh|n a ect.i o
PRt L T Rt L L R e

maj or sur fcffclee [ﬂﬂlshlhg epalchsingtheadppoylaydri309eig, foxetpdpld, Yieat and pressure.
enbodi nent s, e from about . 100 Lﬁmz t o about 300 000 emZ g ot her

embodi ment%wh .pa gmantpHaY Prpicsl g Hen-camp aghpelishing clamenfs expditing

ot her enb ) , 2 op
o e o ggtﬂzﬁgg&oﬁdbfﬁg@cggf%m%ﬁgﬁg%@ s cBPlIn 0K PR fid2, 2;. or

a pol §shi ng opénattleied ckempyyendedmpnhngt llétrﬂtr@tstdmeﬁlC‘s2 tahrpldy i€hi ng
element (410 F %ﬁa ﬂsc ffn% r{gﬁa %: Ln%rp%)of%ﬁ&?@?sgév%glgi}%]téélgtua o(r)r§§ &th@c“ on

substanti aﬁpf“ ayer (10
in FIG 1 a.}@rtmﬁs B Gmpt)sc alnmmbherdnemtrpdewy regiidnostiguiiatpdate 2Rchd the

e R s
mm a |
further exgpplas xhﬁeﬁaoﬂ- fhe p@ﬁﬁ'hn b[h@fh'2ﬂ9xnﬁabﬁ%ﬁﬂnaﬁg<£@£ﬁit%s1% ong

tdie
the first direction at H% about . mm above a pl ané i ncludi ng
t he $@ipportetveppdhe IQOIIBhllng Cmﬂt% a9 th%bllPIPQIt 122’)3r 3Q.n add| ti onal

exenpl ary errbo ore dﬁ% E agh cgtfci & {;' %ﬁf{fﬁ 1 &1%1' n
FIG 1, 23 in M dbovg ase o jb E

el enent ( Zolishifg dmgosioni dmtﬁlbﬁonZz)yet’rﬁ& tdoefifdt %jonmrfaﬁﬂ Gf ﬁle Igmde bla‘ﬁe Fiyps
2.0 mm 2.. . 5.Q.mm .1Q nm or . nore, n n e

ol o o Tl IR B Ao G oo e R e g1E%2, en
pol i shing cffhx@i?ﬁ??&wm‘l@sﬁ@@%ﬂlﬁ&@%‘agi IRA0AH B484% sccure th 1Rhihb ng
again to FIGs dept h and spaci né)of the apertures in FIG

1, 285in mrG2’ m)a pHishingtniaien &nnteshswmul@ﬁlqn ebibdE rqléhmauaﬁparratb&ﬁmbn
Iayer (8 i € as
necessary Sﬂggh?g%}eg qql" é!\:?ﬁq(af)rc(g)%tetggg ?%r?’ﬁi r@%e eneg?igg?fte%ﬂ‘
FIG 1, 24 in WReGrridg tanI@%MBBr;r&crctcawecdmnm spimerdithogralishibgticorntswi t h

tt lish t but |
(5" Fn i i oghghh pptating Serhit 4 3 st gsaers herlst i e polsBBee | e
surface ofguifag ppma§%@gwﬁ@1mg¢ﬂdi@rbndh§ {rftdridud u;qmlcixtame rm(h%ugmmﬂ GA 1,

28 in FIG 2) and gui de pl ate I n sone exenp
embod? nentsbows pacramilygyliadiie pelishipgtotuncak f Bpangn g@’fcr%lwecnﬁahar YRFsgetion

I t 2
bl 1 ahi ng TOmEry FIG Wil Hovehnixiiing 4 A 1Gr OBk o ARAATY
2) may pr othaterassomtiboal sdapsats ricpetsibla aod may po ﬂc&sﬂabln gn c@wwnhadnnomm
th f ft t di L 8
FG oL g o s Gpulaitefic ERR e Pl Rbtpditn, B (hEghiady |

FIG 2) prdﬂésfblséﬁlo%bl@h@pgbhﬁaymyussm ng conposition distribution |ayer
(8 |n FIG 1, 28 in FIG 2 an anount that depends at |east in

part 2dn t he mathfer pHindgisalmg klgpg glesngnts dhayigg a circular cross section as shown in
FIGs. 3A and 3B, the cross-sectional diameter of the polishing element 4 in a direction

generally parallel to the polishing surface 14 may be from about 50 pm to about 20 mm, in
certain embodiments the cross-sectional diameter is from about 1 mm to about 15 mm, and
in other embodiments the cross-sectional diameter is from about 5 mm to about 15 mm (or
30 even about 5 mm to about 10 mm). For non-cylindrical polishing clements having a non-
circular cross section, a characteristic dimension may be used to characterize the polishing

clement size in terms of a specified height, width, and length. In certain exemplary
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15pol i shing el enents and the desired flow of polishing conposition
(working liquid and or abrasive slurry) over the surface of the
pol i shing conposition distribution layer (8 in FIG 1,28 in FIG 2).
As il ust riPempyseky Gs. 1-2, at least a portion of the PGI/UEAMMY8940
el ements 4 (or flanged polishing elenents 24) are porous polishing
el enents, which in certain 20enbodi nents at | east have a porous
polishing syrface, (14 in FIG .1, 23.in FI.G which ma _

Pl at ng o i BRR N SiE BERpstRi AR 5 st o bE ERBol ! B tor
to be pol issb@®0o . ot her enbodi nents, the porous polishing el enents
may not have a _porous polishing surface, but may have pores. ..

di stributed thibaBEbeReMNAY CRRPHIRICNE. thp grogtscheniab aea 9§ cqsh pplising

el enent . r W oTo Yol , . | 1428, i
25p0l | Shi e e et S B T e B AR s B RO ABbut
char a%t er i lsminé ¢ aHfounl,600mini*aimtotheo kinbbdimgnisddm about 10 tnm’ sostwut 500 mm’,

particul ar_exeml ary e di nent s n r_rore, of e | i shing

B enent s 4y Qatist PEBSEMTE in PG 20 ot o Sl gs 0Bl 1 o

t hr oughout subsithambiigihg/cléMentet ihFRRGPRI24ShFIG, 2 hesysatdiskibutcd diea hajormn
of a porous, foam The foam may_be a closed cell foam or_30an open
cel | foamsideddhspuprert layeidR tHENS. de3hindilSy 2Hig 4 Wde ¥rreteadridrsnt s.
Pref er abl y, kWi j _ exbi b i al
i stri but [t e R pRE RS, KRLIE phiiend AEFLPERLAL bnSalt. TRE
exenmpl ar y rehboog cemewnts mayecydanmafubstyntodly pror eadireasubfiabd ofsha@pport layer, or

2009/ 158665PCL711182009/ 048940 a. yean. por e sj ze from about, 1. .
manomet or HEC SBGIE TRU s R By dy st R SmbaR g o some

plurality epdbopiichss, extpolibiing elefEdts hprsd svbmge Surtioe edettge bf ginstspoadout
50 pm Referring now to FI Gs. 3A-3C and 4A-4C, the polishing surface
14 (FI Gs. 18yr §850 apgpt HarorppeS0 nemen'yt thi topbpice ﬁ?ﬂl@ TRt M G s
3A-3B) or sfutsﬁd}gﬁﬁjerpé)sl debdnid 8l SR Im R of §dlBRing RnfGHs, (FBYrR®stional arca
substantially flat surface, of may be pextureé. In certain presently
pref & r ed cdigiichodishing element, aadsthe crpss-pastipad iareg of thefrebshieg paslach por ous
polishing ele [.S,] f OF. it h.mcr '

Sur  ace openi naacsrSpragn At RSB HRLR Pt idh F5pREFByGlld oo
passagewayssjoiguefayest the palishizlgpad ang, lemk ickanplayambbOpones rahle bmt he
polishing surface pay act _to facijJitate distributjng and Lntainin
b0l 1 sh iooBasT 66 Bt 20 G000 vl bGPt i Bhot bR FFelo SOtk
pol i shi ng W00 ¥mPQhd $HPMBtHR chBSdibAl) Bshh aBEut R8O chE &F {IRGesHedVeEn a
substrate (not shown) and the correspondi ng porous polishing

el endhts. |n cdiroafothefewpseoiyhepalisbingpad 6 inHltstZteblhy) M agolishing
oA 3G P M SR SRR B RORRLIR D s 2
pol i shi ng KGr 2peeentid along chetfivst diettichbubgiamiatimntmal to the fsdtavaporisidefelf Gic
o 0% ShAE, STRPHL BRI 5 AEobl SR8 LRSS GRS ° 1°
pol i shi ng sUEHIRE Blerddnt RtAds NEnd e TRQ diP&ldnsRdag about 0,25 mm above a plane
25 including the guide plate (31 in FIG. 2). In further exemplary embodiments, cach
polishing clement extends along the first direction at least about 0.25 mm above a plane
including the support layer (10 in FIG. 1, 30 in FIG. 2). In additional exemplary
embodiments, the height of the polishing surface (14 in FIG. 1, 23 in FIG. 2) above the
base or bottom of the polishing element (2 in FIG. 1, 2” in FIG. 2) may be 0.25 mm,
30 0.5 mm, 1.5 mm, 2.0 mm, 2.5 mm, 3.0 mm, 5.0 mm, 10 mm or more, depending on the

polishing composition used and the material selected for the polishing elements.
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el enent 24. The pores need not be cylindrical, and other pore
geonetries are possible, for 20 exanple, conical, rectangular,
pyram dal, and the |ike. The characteristic dinensions of the pores
can, in geNerAI15¥8S specified as a depth, along with a BFEHPFROYURYEH,
or d| aneter. The characteristic pore dinensions nmay range from about
25 mcroneters (p.n to about 6,500 p.min depth, about 5 pmto about
500 pmin w dt abo t out
5 p.mto about ef o Hs%ﬁlg)tooﬂ? aﬁ%,?t@(?&éj:&%rl@cpst n og{}gﬁg{}%&(ﬁﬁ?gléq
enmbodi ments mIF[ltBsQ)rth:toegldnytHEIthsM@ cdrﬁ@smohﬂsmbmgoswyéla@en PBG. 1,28 in

conpri ses res in e.fo uallt of .channelLs ere
cach chanD: Srengduidiaur ol po vhe Rrelieitsyty FGaaric OIS M
surface 23obfhiAg SRMCRS remﬂmu 1 P21 ih FGNE) 84 SI¥R Mlaiddincd g 8fapBlidhtdtidna
direction generally parallel to the polishing surface 23. Preferably,

each Thanrwith @speéktomas)ﬂmé peskBe phlsshingtdoppopitpy disinbgtisulayerd8 ipBlGfl, a
correspon

parall el '?2 8q? g%}‘ﬁ’g pgalltjéra d%d ér@_]dcpab%v? %%ﬁé%(ée&n%l a@igﬂnh%dl ment s
illustrat earbntp}baﬁblﬁdlsﬁmutmmmymmmﬂmy P& keFIh ) drak gnidafplatc Bho- WO
2009/ 158665PCT1US20091048940 nsi onal rra f ch nnel s. 27 .in

ahi oh oaoh chanRsrnoo N qaoatrpRt. f&ﬁw ;% Gy 1B ¢ SHESIRAL T ng
surface 23pohshm% clclnentwmem @XﬂEH'FQGm)QiE’Q%jﬂhB%DFd% p1arté1ae1 SRANY BbBshtnk

may have virtua sha or exanEI Indrical, triangular,
rect &hgul a&omppﬁiap@ébiré&twn ﬁé@ﬁ@melG dak8: ralﬁ@y Brwan piextdeserm foter eof |
In sone e e I t he
i r oot on Suafiohof TRPHLIBN oo iip AR, CIRMAE codoyf o

pol i shi ng cbitﬂhtﬂnmslaﬁbﬁ (8 mlz'élé‘rl tci8ad HG. Qje ’Iﬁm(pnilealhtgﬂlexﬁ@meltﬂnﬁl(ﬁol %axut

7500 gm I other e [ odi nent s, SS:Sec area of
fach chanidp” S pisdRRs i b asiontion ArRs B FSE iF bR o 26
pol i shi ng mgE Qﬁlﬁi}ealﬁﬁn&fnt tHaEd@@hdbsmdag ie @:rﬁem}ﬁ: BAtbiSal SRAreGERdcd 6f the
from about 75 square 10m croneters (.t to about 3 x 106 i.un2.

In flpt herpoélﬁ]é% plampnts apdHie desired, ﬂowmf r@uﬁm& gomnpgpriondwRkiFgsligdand or
flexible %s%@ﬁﬁwefrer% ﬁ(rfa@é ﬁ isith %o&gg%}hbﬁé‘ikt HHEREEy Q1S | in,
pol ymer. e suppo ayer can e I hconpress e, such as a rigid
frame or &FlbolsidgFiGul).is preferabl y conpr essi bI e to provide a

el ar y. L5enBudl S LHG s iprbiecs Hipett o s Bl BEisdad B
conpr essi HgaPholizkink @loMRin8A43bre po ﬂ?dh@@lg’ﬂﬁﬁ@tbwm 1ﬁrcaf[aﬁﬂired and
foamed polyneric materials. osed cells may be pre In

exenp) ary <EMagENGRETALdeast nwe g ppogR pﬁlgvhg}gewﬁ%(l‘* it FiCeals%3 al FéQr %) a'r‘lauc@f
whi ch Comﬁégﬁﬁal&osrlﬁ oq%tm%&{aneor@ic?mma%u JRY ( Qﬁt shotHedrit tihdihe

support layer as a unitary sheet of pol |s Ing elements affixed to the
support | aypdshedwin othenqybdﬁanaltp dhapsoqwilipiog tlemayte may not have |a|1posxalﬁre

at or i 2l JBTERTe 0o ey RERE o G BRI SRS PRt TRl

rubber, nq@merjﬁhsm@g Ylemeith@neh paoss RoiRking alch@ents ridydieanéful eiErnen@umor t
| ayer rther conprise a w de i ety of additional terla}ls

ri
suc h2%\s f|H ighing clsmepts cyuitiag some B%tﬁg f‘g‘f“‘é‘FaﬁF‘Eﬂs prgctaice ot 2
I ke. polishing pad.

In some particular exemplary embodiments, one or more of the polishing elements
4 may comprise a plurality of pores 15 distributed throughout substantially the entire
polishing element 4 in the form of a porous foam. The foam may be a closed cell foam, or
30 an open cell foam, Closed cell foams may be preferred in some embodiments. Preferably,
the plurality of pores 15 in the foam exhibits a unimodal distribution of pore size, for

example, pore diameter. In some exemplary embodiments, the plurality of pores exhibits
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25The support layer is preferably fluid inperneable (although
perneable materials nmay be used in conbination with an optional
barrier to prevent or inhibit fluid penetration into the support
| ayer . WO 29115862t hanes have been found to be parti CWHPE{}?O%%?*‘HI
support layer materials. Suitable polyurethanes include, for exanple,
t hose avail abl e under the trade designation 30PORON from Rogers

Corp., Rogers t hose avail t he tra

desi gnatr gdn EELH_OWS\EO% l(‘ﬂﬂli?%ondneﬁgtﬁl 8aallb l%@I()gl rigle c,r °’6%”r‘ ‘ﬂgul arly
PEL L ETHANEndbdgn&eDihc@ihvan Sdﬂgb@b bghibes bl 9;§>ré 8164 £6 2BOhtYSIMYd Afet
terepthal ates WO 2009/ 158665PCT/ US2009/ 048940 (PET), such as, for

exanpl e biXximl |y oriented PET widely avail abl e under the trade

desi ti MY | d b hee

mobbar 1oy pr deereREniE a B, SARRERIARIC] R Pt @ct Sam
the tsade @egiEmat Mlm(ﬁGNPEI'IEsngTdI@n@@m(EFG TA 859 GEN LT ARyl hAFdriet A
wi de variety of materials, %/(merr c Smaterials being preferred.

Sui t abl e i FHes e ﬁ@rx%ﬂesqbﬁ@% flof gpfags.Qipay begentyiat elfsHa,
| | |
polyacry %%ﬁgtéf@ei/e\‘f HBéknb bRl 2Ry @S 81'i§n %M%ﬁ?&g%ﬁaésﬂﬁ??%m

acctals a er t etrade esi ghat1 on DELRI'N

E. l. DuPorritlcmteu Nenuisnrwrousn@r cxamplwrtgmcrosdbﬁyc surfmcescmmmg&mwlﬁ
enbodrnent ol.ishing e

her mopr aste ey i BeiHE o brilidR BB e Bo UM Tr S PR i gucn
10compi nat omslﬂdﬂ&fe%ilslﬁﬂ@srﬂﬁblcb glal g te iRk Sistbutiap a0 seimpiiinga a

rei nforcer%)i) ynmer or other conposite .material, .includin for

exanpl e, Iérrmeacrrflmmr%t(eg ageyrking Hayid apd/es absgsies polighipgrsligry not shown in

parti cul attﬁéﬂ% rb@%'f fre Lﬁteﬂ‘@dcnﬁrw&ﬁ% shts%e%m &Ben} Rl thé J;‘&resﬁdhdﬁr%rﬂo?dd@

enbodi ments, poli'shing elenments may be made el ectrically and
thermal |y rmdi&idn@@iﬁmentey i ncluding 15therein fillers such as, car bon,

graphite, met aI R 108ncbrrll ati an dﬁrnhe effustr %%r .3 -Qéit ; 81?311'{1

electrrcallycﬁaﬁat %ﬁ’?"?/’r?eg SucH ! 8 npl e, po ani |'fnes

(Or PANTj SCC):lh sdrfumm;cﬁﬂ}ﬁlbééﬂﬁd@ maa@mgemmllmﬁa\fhl(cap?ﬁﬁhad)I'Hl_ezpommtls n;}ay
mccon Chemi myer s man used, w or W e

el ectri carqxgﬂn frothigp ﬁamﬂwﬁé&%ﬁ o ¥ ppehe&eir%%ﬂcedﬁ%%@lﬁzééhe

gui de pl at;g aci@lﬁteﬁ%nﬂ@&i%eﬁf tik Wlﬂﬁn%ﬁlrfd%ﬁorﬁﬁnﬁ@b%k 3 that SEGBRAly

pol yners, copol ymers, pol ymer b | ymer conposites, or

conbi nat | cwkndrivat eapillasies @rtem:brrmf:emrthrgpcemhrng isertiice 23 e thectiaiged polishing

Pech T ound e b h¢ pEBT R pol i B icef dng B, AE ¥EGABRALE BRI for

conp28i ti axasipll conloal,irenardgaleerpynayidall sal thelr]@dﬁleoﬂlamcwrst&: dimensions of
the pores can, in general, be specified as a depth, along with a width, length, or diameter.
The characteristic pore dimensions may range from about 25 micrometers (um) to about
6,500 um in depth, about 5 um to about 500 pm in width, about 10 pm to about 1,000 pm
in length, and about 5 pm to about 1,000 um in diameter.

25 In other exemplary embodiments illustrated by FIG. 4B, the polishing surface 23
comprises pores in the form of a plurality of channels 27, wherein each channel 27 extends
across at least a portion of the polishing surface 23 of a cotresponding polishing element
24, preferably in a direction generally parallel to the polishing surface 23. Preferably,
each channel 27 extends across the entire polishing surface 23 of a corresponding

30 polishing element 24 in a direction generally parallel to the polishing surface 23. In other

exemplary embodiments illustrated by FIG. 4C, the pores may take the form of a two-
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25variety of polymeric materials. The polishing conposition
distribution layer may, in sonme enbodi nents, conprise at |east one
hydr ophi li ¢ _pol Preferred hydrophilic polyners i ncl ude

pol yur et ha‘i‘i@@"%é’f‘?ﬁcryl ates, polyvinyl alcohols, polyoRsHEPRIEEUE
and conbi nations thereof The polyneric materials are preferably
porous, nore preferably conprising a foamto provide a positive
pressure

Whon the murroiaL S e ATh SRR M Liled - L0 BER 3 onth
Por ous orrﬁb@nmﬂmhagemﬁabQSMAth open or closed cells nay be preferred

composi 11 on' i 90 FSE PIATE D D008 E3B6BS EE 83000y QAR F LY TR

bet ween alyppiéxadidia bl irlRut trRAsHe ERRhgMaY, @8pdzidal, RedRpidricel; Aat i ve
enbodi ment, the poI 1 shing conposition | ayer conprise a hydrogel

mat er$ al, combinatiens th@rﬁofég'aﬁemee%pmglwembpﬂmnm@@ldazrtb of gaehrchanmpgl 27 in
absor b Wattﬁé dirdd; Siﬁ %@Bﬁ 1@!‘:1&115%%; a;thsgrﬂgH&rfa%ctzﬁ oiiﬁﬁ): 'ohﬁﬁn SEQERL 2PY
I'ng polis

wei ght to provi i ous sur g ope at’i ons.

5In sone asecrmzltearty be ipaditaant &) uiheaipak 7500 ng. hmm@r&kémpllary embodiments,
di stribution |ayer substaptjally uniform tribute a polishing
conposi t i dhe arerbo%cgtwﬁargap gfch cagnnehy 18 (et %ﬂﬂfra@r 'in’d""ﬂn'S]I todbf ng,

whi ch may E;%h@ﬁhrfﬁ@é 83 Hf'!h%%fﬁkﬁ?é él&ﬁéxﬁQ%J N8edrl tb DB RS zﬁu%[{pﬁﬁé hhx@n
di strrbutron | ayer may optionall y |nc ude flow resistant el enen

suchl@s baﬁﬂctmtergftun\)e@al(mmﬁ xdifbwm’i n the figures), pores, and the

like, to regul | flo r of the po hi ng _conposi.t ng
ol | Shing. I AbFeHET iSRSy AP SRE0H: e BPor ST R Agoror and
conposi t i QRmiishtmhddsHal, Q;lﬂcli ayLéor @ﬂﬁn& 16be+ e pyl 2&&9 UBhd sayfdrB1aQér can be
different materials to achieve desired polishing coml)osr tion,

rates at VBSOERRiEFSS SHh B agiaid Famper 7 Bensig, Byl preBrablncorppygssi ‘éWpI ar-y
embodi ment ox(ﬁ@ERSﬁqtgv& eﬁ&m%ﬁ%@m@{b‘%\m‘?& ﬂfzgsbﬁ‘srﬁig &G @E&b 'agcn\}gr%% i

15el ement an open core region or cavity i ne
the pdli srund@dehfmmeﬂtc buapctrhkaughs wﬁdnabiyrmdw affrye@mgmessibée prdymereyuitead,

| d 06/ 0557 h
ol shi ng STEHLRIY B4 DEERUaE e b Peret P Fisgs mpiecels, g S8 bl Hhay Bi°

conducti vrﬁr&fem@@ﬂ@@bmabﬁan?re@@nmrm@m she palichihh@lembks, at leastyudortion of
anot her errbodr ment, the i.shin ad may include a w ndow ext endi ng

t hrough t Ig}aﬁpmwseﬁer%ﬁ pelishing s %%marércwmﬁér@dhrw% e’&rr%?ce

Or Ay USgbih SlishPAcmRAAked HINRBPELayBOLER!
to all ow félrtdlg%r caFBebslclil% n(i§l|l ng g? %&%o l'i's Fﬁg dpr olév‘ess HE% descrr bed
in the corwpl@hrhkgy@ S. Provi sr onal Patent Application No. 61/053, 429,

SYSTENS AND hETROE et iifies SR e gt T Rkt RO Rl

as used abwmeletcd $r0tﬂ’ﬁ11@d’diil@d1ah@allrn’§bdu¢ﬁfrand wﬁhedehalbbe@mﬂfbpmﬁrﬂ@oammthdnc
t ransparent be macle of a er| al .that. is the Parre

or differént crmiw&% tfr PURPOIt ST rrayé’r of FORPRS A¥IdRMIALY ©

embodi menty4itoha RS TE) touchl z@xfﬁrelsOf,arﬁaght@@ VRY, RASERD %gartbe Rhd ﬂerhk@ay
be made transparent by applyin heat and/or pressure to the materi al

or a2ir anspwmseprorlayers aﬂcfmdyy viddmpernenblp(dtheuginpameale m:dtﬂrlels may be
30sui tabl y 1SnI ctolrx%n drglon w1t"ﬁ ap%éﬁ tl 8& r'é:re 1% ev%fﬁ (frqﬁﬁr? Q?hﬁ&t[ﬁgl&%tﬁﬂ 1nt+ ﬂw

an al terna’tsl ve e ment, ft Pfe su ayer
mat eri al tsopport Iay@r may be made t r ansparent to energy in the range of
wavel engt h(s) %olyru?étgz{ngg Ilav%tblelelll ound ?3/ beagan?gu?f PI ur;gfu s(.autp%&t 1%& materials.
Suitable polyurethanes include, for example, those available under the trade designation
30 PORON fiom Rogers Corp., Rogers, CT, as well as those available under the trade
designation PELLETHANE from Dow Chemical, Midland, MI, particularly

PELLETHANE 2102-65D. Other suitable materials include polyethylene terepthalates
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WO 2009/ 158665PCT/ US2009/ 048940 apparatus. Preferred transparent
materials for a transparent elenent, |ayer or region include, for
exanpl e, transparent poI yur et hanes. Furt hernore, as used above,
the term "WPaKYH&¥%6Ht " is intended to include an cl enen‘f’CT/pW%W*Sa‘ﬂd
or region that is substantially transparent to energy in the range of
5wavel ength(s) of interest utilized by an endpoi nt detection

appar at us. centai p_exe e I tection
appar at us GELY SR, Pr SEEI, BlkiaBV BRELPERLT sideir, GRS Lo, SR GG
radi at i on degighdtnfMY0OADS, a&HN'elll ayvbalded rdbbgf‘sﬂleetya\&nlbbie flohgRiihbetitef € yapred

i ght, m crowav di.,o waves, conbi

her eof ,. and i ke.
In certai Pé’ﬁ%%ﬁi‘%ﬁf’l’é’ dugtfdng. oS 4pa gy ‘Htﬂgc %@Slgﬁpﬂﬁ%ﬁﬁéﬁgﬁ
about 25% (e.g. Thc%%hélﬁl"f’gsélcﬁmyﬁla%Q&ﬁﬁﬂsc@f‘wﬂd@@%ctﬁ@%&tcﬁ@l%wzﬁ{%dlﬁﬁéiic

about 60% at | east about 70 | east about 80% | east out
90% at | engeridpbring oEbRrreds Séﬂféﬁtggoime@pmatvmiéngmedﬁr eHwlest t hat

i Npi nges t t ted
t her et hr Otj;%whr&nﬁxcg p%ﬂﬁa&?ﬁa?& g&gﬁgﬁ%whh%og%cs%% P&?&eﬁﬁedagca,pafngr ?g%llgyer
is trans paiv&mihlc mﬁccﬁb&ﬁd@d@x@EMraDELRHﬁ)Qd}laﬂﬁﬂé fomdt.l. DaRsht dardemours,
pol i shi ng eI e is t arent. |In additi.onal exe r

B bodi moatiscs WiirrinSe A0 RS0RE iy le GrUMITOGS S pRr L Meqsishing
adhesi ve |@Mﬁént%ﬁrﬂ@aW@ﬁ]Estic%Wur&ﬁﬁcaé ﬁﬂyécfﬁ&&ﬁﬁﬂﬁ“ﬁyl aicehélucsﬁ her
exenpl ary enbodi nents, the support 'l ayer, e guide plate

pol i $hi ng conwinssipes hercef st ri buti on | ayer, at |east one poli Shl ng

el ement, or a 0 n

di sclosure is ]?lfﬁgﬁaﬁgﬁﬁﬁ Q%%F\-ﬁg &tggafé cs%‘ﬁlgg dq?&llgsgfcng(tb zynq&g)rleo?gﬂltcng pad
as 20desc raob@dm&hnwtemlrunalupmg Shexanne, mmﬂwrtinhlatemhmdc pmubulaihes;g
contactin Sui face ubst rate.wth a hj urface

ot ohi ng heBanettRrcuRirs, OB GPRPITE oI OONY S e BT dhdhas capodidas.
some of WYotibhiAs SlcReR® %ﬁiy bRMshde @1@&3@(?& MdVer\thdrdhally SorRattihvatyneclpdsy
with respect to the substrate to abrade the surface of the substrate.

I'n c&tai rihergiarfilors spcle ab sarbameraphite, ragselk onepmbingtioss Heteobelntesi ded to
i f :
an Inter %&ﬁoﬁﬁé@@@@le&@ﬁalﬂ%dnﬁ éﬂrg gegﬁﬁ?éauﬁ £ ¢S 254 &%ﬁgﬂﬁ%ﬁ%@m

surf ace. e working-liqui nown i the a

found, f orsokianipt the trade Mb@naﬁt&t@hMBﬁ&M (Svaﬂzﬂp&%m (Brmc;coﬁ,C«h@mic843 Bl ;
and WO 200233736. he oIi‘sin cribed herein may, in
orme. enbod HEREL ety ary S En e R A PR BRSO E Do TAEOE ur 6.
Sui t abl e rmﬁmo@% Gl YeBreaeRisheee. are described in U S. 30Provi si onal
Pat ent Application No. 60/926,244. A brief_ discussion of sone

exenpl ary nanufBeruidemipipraciessus of & vade richieef marEls, sw aspolymers,
di scussi onyohSiyRRks, b8l ARAREdsOpdFmEP LB ERLit ¥ CorRomBIAAREN tBEcdfl T L1 NQ.

non-conducting and liquid impermeable polymeric material is generally preferred, and
polycarbonates have been found to be particularly useful.
The optional polishing composition distribution layer may also be made of a wide
25 varicty of polymeric materials. The polishing composition distribution layer may, in some
embodiments, comprise at least one hydrophilic polymer. Preferred hydrophilic polymers
include polyurethanes, polyacrylates, polyvinyl alcohols, polyoxymethylenes, and
combinations thercof. The polymeric materials are preferably porous, more preferably
comprising a foam to provide a positive pressure directed toward to substrate during
30 polishing opcrations when the polishing composition distribution layer is compressed.
Porous or foamed matcrials with open or closed cells may be preferred in certain

embodiments. In some particular embodiments, the polishing composition distribution
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WO 2009/ 158665PCT/ US2009/ 048940 Thus, in further exenplary
enbodi nents, a nethod of making a polishing pad is provided, the

nmet hod conprising formng a plurality of porous polishing el enents,
and af fi xi¥g 20185¥6% ous pol i shing el ements to a suppor t PCHER/4E040
certain enbodi ments, the nethod includes form ng the porous polishing
el ements by injection nolding of a gas 5saturated pol yner nelt,

I nj eCFi on an. l'glélsnl%tv%e %brogtal%te!n .%bm t.)ﬁbu'éx%etth%}om Y Ol a1 @riafe MR Uiment
reaction toforma p5'1 ymer, 1 nj 8eti oR ol di ng of "a m Xt ure conpri sihg
a pol yner th¢ paishing@ompositiGulpesreidyt doaghis@abydrogdl @citdrial) sueH | fog edfmpde a
m xture of inc atiple polynmers in a solvent, injection nolding of
porous t hé}ymgtqgﬁﬁ?fgan@u 3G aé?%%&ﬁ?éd’f?fﬁf_a&_yt‘ﬁéFg’rﬂSB Phghoug> iR apHeg0
and conbi NREeRNSy &8k hrov !zﬂu_&‘i‘éi&@s‘sﬂrfﬁé@ﬂn&ﬂn%éﬁs HRodiaen. s, the
porosity inparted to the polishing surface of "a polishing el enent may

be inparted, fdnsemasgsmlarpymbadisenisohe poligiinggompasiteridisintgtion layer may

nmechani cal i . . 111 ng..: chi i rsion
f oam ng, csﬁgﬁdé%}l{)grrugéﬁg ?ﬁg{blug)nao&gl 81};@? ga' ﬁ Cgﬁg&taﬁ{e‘g%%g%@ﬁ%&ar y
enbodi mentsabaifatgoldepbinggpofpisldsg, kehidhngayppioids npod insfurme olibldng NTise
15according,tao the present di sclosure may.haye. variqus features and
char act er i RIFRIEE FOaROSEORSHS d‘flﬁl@ﬁﬁ)ayawy RtipRgLY jné lgﬁcglfﬁwaaw':wwﬁgwnts

appl i cati qQgh ad &fﬁ&p@om&&zﬁ&tsh%\gmﬁl@;ﬁg@z@s),e@@%ﬁafnfcﬁke,ngIr%cgggutme PRdsS

of the present disclosure my parti cul ar suite

cheni@al reicivdicoalisiingermpostonsiuripOnmishsg. Wafethsr asaglanembodiments,
manuf act ur,j ' . CI f:CLk ' ctor devi -
Cortan oxbnpRhEEbRbEs SoHbh TR SEILERAE GG LRI TR |
di scl osur ematayalproachide: ddiradpalpbmgavmpogitidti Béw rdeyra dsryidgatepths Erokinthan

inthe art. . .  For exanple, in sone exenplary enbodinents, a
pol i shi ng pﬁ&é‘“%%gﬂ?ng to the present disclosure may act to better

retain a wor ki ngsdhélstcthphke® dmbbditidsts @R ol eRE6B)Adnctdrendr&bhé p6IRhing
bet ween the polishing surface of the pad and thée substrate surface
bei n§S5 pol ickeants pat WElADHI PRETrCeVE 18GLoR RE caity detinsdenidlys thefpoliplingelemeiig
liquid in i i,Shl - her ﬁ{gy}]ﬂ:{-ﬁl&o i S

pol i shi ng agtggﬁ@c%%l?%l‘ %Adtggﬁ%ﬁgs %Artges@tr‘l{agdPg% osur é)& 1rlrlw?ay 7 g%%%@%ﬁ if

el i m nat e WOsHIoAHSaTROUGrR cochge tiar sishing ofentchiecandd dudessondoacte ddigct pressure,

olishing. In so exenpl ary, enbodi nent g, .use. of a | i shi

Docor di ng B BEERG: Wl Ganrusnt Hohs” bt aulBins ol H,

i mproved Wolibtifg paf @ky Peluds Biwigiownddeidmgt thvough fHedpall & thd @R&dtios M8eNal to
waf er surface, an increase in edge die yield fromthe wafer, and

i mpr &¥ed divPrYisBiRgsurfansermmhiepc tansnarrablayerg sedpistraspgiens polifhepg clements,
2009/ 1586 : . 0 Y : ‘ ol

ise of o coRiy ool QARing of o polihibd bORE EURIRLAI N RIRACAIRELS,
di scl osur eProyiopsd Pafcht Applesa Ng. @f033a28efilcd MayeltSse2008a fideds PAHIISHING

mai nt ai ni Q\gl ' glﬁ . %gj % i f 1{5 {)&gm Lhi
chi p vi ol AR IEEENREEENT RENESRR AR SEF RS AR bR S Sille
surface i sAggwired in order to maintain 5polishing uniformty of the
waf er surface, or reducing process time and wear on the pad
25 The term “transparcnt laycr” as used above is intended to include a layer that
comprises a transparent region, which may be made of a material that is the same or
different from the remainder of the layer. In some exemplary embodiments, the element,
layer or region may be trangparent, or may be made transparent by applying heat and/or
pressure to the material, or a transparent material may be cast in place in an aperture
30 suitably positioned in a layer to create a transparent region. In an alternative embodiment,
the entire support layer may be made of a material that is or may be made transparent to

cnergy in the range of wavelength(s) of interest utilized by an endpoint detection
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condi tioner. Exenpl ary polishing pads according to the present
di sclosure will now be illustrated wwth reference to the foll ow ng
non-limting exanpl es. 10EXAMPLES The followi ng non-limting
exanpl es iWP38RIER6E5 vari ous net hods for preparing both PoltBRrRE0%HEP+0
non- porous polishing el ements which may be used to prepare polishing
pads conprising a plurality of polishing elenents affixed to a

support. | a‘%Bdlfll 2 hﬁre‘fa’ene]dE}ranmdrenE tézp\?\}rs]errodntrgb?}r?zﬁ e%ﬁien? i%%lgorelje@ggm S

are porous I ng~ e el oftr'on  of
each por ousclpdd, fakkingple| eaRpiret poRuicsiesea plurality of pores. Exanple
1 Thi s exagPIe |Ilustr tes t he preparation. of(g th, n por ous
pol i shing el engfiESPIREGApEEd A ?V"aﬁ’t?t STESRIEEt S nGe

(Exanpl e IdRimdnR 13y, %al@@ Ec%%n&hﬁ ilhubhtah ity afhniaRet mnlcfgyl i tﬁcf}ﬁﬁ?gégﬁfOUt

the entire polishing clenent. The porous "pol i'shing el enents were
20pr epar edvipylengihést of wieresd ntzllmg bigfan andioxet Wetsctiomappingiusg Inacoptginyeremplary

di ssol ved I r { | yur et hane
(Est ane Eflg{]’é)g@%lp C&%‘iﬁ] leg%kﬁ?nz%ﬂp a';&&‘v@r%%% %EBJ i U?C,CQﬁ?nc.,

d evel and,cldddpmagastio gnargyed ¢mit red@tionin ﬂacﬁ:ﬁmﬂdﬁﬁﬂr&lﬂ&ictﬂ&hﬂ vipiteé liflar ce
was sel ect.e || ets of the t.hernopl as oI ureth fed. |nto
oS80t o INArob BT Pt PUR NAST oo B iRe MOHoG e Nes i, To BEEHL

Cer many) %%Hoﬁ%?ﬁéﬁté"”cﬁchcﬁn %Qan@g&aﬁ’aﬁiemrthai laghe a§&ft au4((b. lgDaﬁc&fé aﬂaut at
el evat ed teggﬁrature and pressure to produce a pol yner

compdl at i \i$ éhwﬁéUmASU%héﬂp®¥¢#@F6%%1ﬁl%hbﬂmhi »@ékdﬁﬁb@éﬁo%nﬁb a
32-cavi ty, cold f ynner | anf a%o )o)dof%ﬁ e BT th9of%n Jt Bk M
Py 50h féh y

substantia onpor ous po ow [ rnal
cylindri cajponawittems;mndltmnght tugyeﬂor]réggn mrtmmmmhafmdteretlu\b@h
2009/158665PCT/U82009 04 940 Exanp e 1B, qltro en vas qhected
under el evat ed IR &Npef ofjmeuts; the support layer istrans dicht ficorts

exemplary cmbodlments, at icaat one polishing clement is transparent. In additional
15 exemplary embodiments, at {east one polishing element is transparent, and the adhesive
layer and the support layer are also transparent. In further exemplary embodiments, the
support layer, the guide plate, the polishing composition distribution layer, at least one
polishing clement, or a combination thereof is transparent.
The present disclosure is further directed to a method of using a polishing pad as
20 described above in a polishing process, the method including contacting a surface of a
substrate with a polishing surface of a polishing pad comprising a plurality of polishing
elements, at least some of which are porous, and relatively moving the polishing pad with
respect to the substrate to abrade the surface of the substrate. In certain exemplary
embodiments, a working liquid may be provided to an interface between the polishing pad
25 surface and the substrate surface. Suitable working liquids are known in the art, and may
be found, for example, in U.S. Patent Nos. 6,238,592 B1; 6,491,843 B1; and
W0/200233736.
The polishing pads described herein may, in some embodiments, be relatively casy
and inexpensive to manufacture. Suitable manufacturing processes are described in U.S.
30 Provisional Patent Application No. 60/926,244. A brief discussion of some exemplary
manufacturing processes is described below, which discussion is not intended to be

exhaustive or otherwise limiting.
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into the polynmer nmelt using a Trexel 811-TR10 outfitted with a Mass
Pul se Dosing delivery system (available from Trexel, Inc., Wburn,
MA), resulting in formation of a 0.6% w w bl end of supercritical
nitrogen WO 16y mer nelt. The supercritical nitrogefCHHFIMEHrer
melt blend was injection nolded into the 32-cavity, cold runner nold
(solid shot weight of 9.2 grans) to form porous polishing el enents

havi ng a hol | ow.i nt.er.nal cylindrical ..cavit, d Lghing Q. 135 .and
" which por es TP i FQfer EYeelRRL BBl 4 pR PRy BEERENRY pRishiR
pol i shi ng mwbet@)the method comprikig foempg b atuddles of gurowawiisiziog eleoknts ad

ol i mg | G T TOrmol DR BEoT & R [y 1 o PBoqarpgRs, the
conpar at i fetkXAiBhbcd Brig tHord@® oﬁskﬁnéﬁéﬁxb&ﬁé Wi‘fﬁi@ﬁ%ﬁin%&ﬂ%se I A
(Nonpor ous) Exanple 1B (Porous) Zone | Tenperature (Feed) (C) 182.2
182. 25 Zoneaturarehpdymenumelt, (Gpctbd mdding pf 8reZotine BixNesrihat evolives 2 €8 R4, 4
204. 4 reaction to form a polymer, injection molding of a mixture comprising a polymer
dissolved in a supercritical gas, injection molding of a mixture of incompatible polymers
in a solvent, injection molding of porous thermosct particulates dispersed in a
thermoplastic polymer, and combinations thereof.

10 In certain additional embodiments, the porosity imparted to the polishing surface
of a polishing element may be imparted, for cxample, by injection molding, calendaring,
mechanical drilling, laser drilling, needle punching, gas dispersion foaming, chemical
processing, and combinations thereof.

Exemplary embodiments of polishing pads having porous polishing elements

15 according to 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

20 described in this disclosure may provide advantages over polishing pads that are known in
the art.

For example, in some exemplary embodiments, a polishing pad according to the
present disclosure may act to better retain a working liquid used in the CMP process at the
interface between the polishing surface of the pad and the substrate surface being polished,

25 thereby improving the effectiveness of the working liquid in augmenting polishing. In
other exemplary embodiments, a polishing pad according to the present disclosure may
reduce or eliminate dishing and/or edge erosion of the wafer surface during polishing. In
some exemplary embodiments, use of a polishing pad according to the present disclosure
in a CMP process may result in improved within wafer polishing uniformity, a flatter

30 polished wafer surface, an increase in edge die yicld from the wafer, and improved CMP

process operating latitude and consistency.
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Zone 4 Tenperature (C) 215.6 215.6 Zone 6 Tenperature (Nozzle) (O
215.6 215.6 Zone 7 Tenperature (Nozzle) (C) 215.6 215.6 Screw Speed
(% of maxi nu 2 2.5 Mold Tenperature (C) 32.2 100 Screw Pressure
(kg/ cn2) 182809198668 Nj t r ogen Concentration (% O PCT/US2009/048940
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In further exemplary embodiments, use of a polishing pad with porous elements
according to the present disclosure may permit processing of larger diameter wafers while
maintaining the required degree of surface uniformity to obtain high chip yicld, processing
of more wafers before conditioning of the pad surface is required in order to maintain
polishing uniformity of the wafer surface, or reducing process time and wear on the pad
conditioner.

Exemplary polishing pads according 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 preparing both
porous and non-porous polishing clements which may be used to prepare polishing pads
comprising a plurality of polishing clements affixed to a support layer, wherein at least a
portion of the polishing elements are porous polishing elements, and wherein at least a
portion of each porous polishing element comprises a plurality of pores.

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 element. The porous polishing clements were
prepared by injection molding of a mixture comprising a polymer disselved ina
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 (Arburg GmbH, Lossburg, Germany) equipped with a
30 mm diameter single screw (L/D = 24:1) at elevated temperature and pressure to
produce a polymer melt.

In comparative Example 14, the polymer melt was injection molded into a
32-cavity, cold runner mold (solid shot weight of 9.2 grams) to form substantially
nonporous polishing elements having a hollow internal cylindrical cavity and weighing

0.15 grams/element.
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0.6 Nitrogen Injection Tine (seconds) O 1.5 Injection Tine (seconds)
0.29 0.2 Peak Injection Pressure (kg/cnR) 1863.1 1687.4 Pack Tine
(seconds) 2.5 1 Pack Pressure (kg/cnR) 703.1 246.1 Cool Tine
(seconds) W9 241¢64hp Tonnage (kg) PCT/US2009/048940

In Example 1B, nitrogen gas was injected under elevated temperature and pressure
into the polymer melt using a Trexel SU-TR10 outfitted with a Mass Pulse Dosing
delivery system (available from Trexel, Inc., Woburn, MA), resulting in formation of a
0.6% w/w blend of supercritical nitrogen in the polymer melt. The supercritical nitrogen

5 and polymer melt blend was injection molded into the 32-cavity, cold runner mold (solid
shot weight of 9.2 grams) to form porous polishing clements having a hollow internal
cylindrical cavity and weighing 0.135 g, and in which pores are distributed substantially
throughout the entire polishing clement.

The temperatures for each zone of the extruder, mold temperature, screw, injection,

10 pack pressures, molding times and clamp tonnages arc summarized in Table 1 for

comparative Example 1A and |B.

Table 1
Extrusion Parameter Example 1A Example 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 2156
Zone 6 Temperature (Nozzle) (°C) 2156 215.6
Zone 7 Temperature (Nozzle) (°C) 215.6 215.6
Screw Speed (% of maximumy 2 25
Mold Temperature (°C) 322 100
Screw Pressure (kg/cm?2) 105.5 175.8
Nitrogen Concentration (%) 0 0.6
Nitrogen Injection Time (seconds) 0 1.5
Injection Time (seconds) 0.29 0.2
Peak Injection Pressure (kg/cm?2) 1863.1 1687.4
Pack Time (seconds) 2.5 1
Pack Pressure (kg/cm?2) 703.1 246.1
Cool Time (seconds) 12 14
Clamp Tonnage (kg) 79832.3 362874

FIG. 5A is a micrograph of a porous polishing element of Example 1B after

15 cross-sectioning the element in a direction substantially parallel to the polishing surface
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79832.3 36287.4 FIG 5A is a mcrograph of a porous polishing
el ement of Exanple 1B after 15cross-sectioning the elenent in a
direction substantially parallel to the polishing surface

WO
2009/ 158668PEH 080D/ 048940 according to anot her exenpt&l/|S2009/048940

enbodi ment of the disclosure. FIG 5B is a mcrograph of the porous
polishing elenment of FIG 5A after cross-sectioning the element in a

direction, i..al Lshing. surfa :
T cr ogr apfarpecs et cRahiTRy boliaPOl ke HPGupL MRE 3R EEREL00RM OF
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deviation of the pore size distribution s, determ ned as 6.9m
the m ni mipperelERE it PeBpEbieu e PSSt YR eRa Phat Tk huit
pore size jiam ﬁ@?@&%ﬂ&e&tcﬁ%iéé% 943001, ¥ AHAlaR r{)%rc s WasiepmmlRd 8
illustrates the preparation of a porous polishing elenment in whic
10porks ar3®.odilstrithattadasidesiaant bhtht poesize dattribtien pok idsteromigesas F3236
of the el enent. Naonporous polishing.ele rlihg were first prepared by

t

i nj ect i on b tAF MRUIMRNGHET Wat deterpgied i B epd the TRaximm pOISFIZeNges

022P, Lubry . ﬁ?@'ﬁ]? erials, Inc., Ceveland, OH having a nelt
i ndex of Sdegegénﬂf%gé?gnd g{gﬁ g of force to formgenerally cylindrical
pol i shi ng Edaemi@ s neasuring about 15 mmin dianeter, as 15descri bed

eneral ly above_in conparative Exanple. 1A_. The pol.ishing surface of
an i nj ection moiERARBIS RIS SRAERETRAST 2 RETGUP B IEATRRBHI SHFy m
a pofpus RRkds M&ﬁﬁh@@&ﬁstaﬁﬁ&l%ﬁﬁaﬁ}{é polhigRiRfatelof @4 cMrdnt | aser

(Coherent, Inc., Santa d ara, operating with a nanosecond pul se
rate, repetiti d¥pnpaross pelispmp(clements wodrst pepricd §y siceongmidipgag - 1.1

1R BN A DR rEeRS KRTOIBLALACELL L
a porous pdhies#is,ige.cClendatd, Pihpavieg anelomdengf § at Zl_ﬁg& aek 0P Igevf Zorcs to
TR NG I ST KN T
el ement i Negerfbedl @6ilek Ay SRS InaRkipatative BeduiE 1A0 the polishing surface.
The polishing surface of an injection molded polishing element was then laser
drilled to form a porous polishing element 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/sec to
20 300 mm/sec (run time total of 29.8 seconds and 13.2 seconds).
The porous surface of a porous polishing element prepared according to this
Example 2 is shown in the micrograph of FIG. 6A. Fig. 6B is a micrograph of the porous
polishing element of FIG. 6A after cross-sectioning the element in a direction substantially
normal to the polishing surface.
25 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.
30 Porous polishing elements were prepared by injection molding 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. Pellets of the
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25Exanpl e 3 This exanple illustrates the preparation of both
nonporous polishing elenents (Exanple 3A) and porous polishing

el ements (Exanple 3B) in which pores are distributed substantially
only at tEOgMY18%6hg surface of the el enent in the forREHPSH09/048540
plurality of channels forned on the polishing surface. 30Porous
polishing el ements were prepared by injection nol di ng a thernopl astic
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force. PelNgdhinoes, mmemmxp&wpxﬁamaqs/m@mt&wmmcmp& 2661

pol yur et hane, we fed into an Engel 100 ton inj ectlon nol di ng press
(Engel MachFl é‘?‘tfl‘ftcmf’ératm'@(@i‘ TC‘FSASC e BIRGypRHPNYIR BCBS 7m di anet er
single screw (|5['h@t?mn%ﬂpl@stile)po?}ur&hﬁl\é%&fjwﬁsqﬂ}é@ﬁﬁfMél%c@ﬂﬁb QchﬁﬁW ol O
produce a polyner nelt. The thernoplastic pol yurethane nelt was

i nj ecii on riedewld (sb@t \aelghtwéﬁﬂﬂy graoes)) dqxapm:drmth groblebd (et insent irgdnee cotity
34.01 gra P one.cav and a
bl ank nol ?‘%ﬁ?e;ﬁ?(n?ﬁgfwgy}}ﬁ%? h(l%gglvtlt;}; lT%Fl rarngfgft‘ aCh ¢5fyth§h zone
of the extextrdédr, moultempenmey; afjestion ammp&etpressure@dlq&aﬁg(nmwa&ltmﬁﬁp

nol ding times and clanp. tonnﬁggs are summari zed in Table 2. Table 2
Ext r usi on 'PHREREATE Surptized '$2Temperature (Feed) (C) 49 Zone 2
Tenperature (C) 193.3 Zone 3 Tenperatpfige4C) 204.4 Zone 4 Tenperature

(O

Extrusion Parameter Value
Zone 1 Temperature (Feed) (°C) 49
Zone 2 Temperature (°C) 1933
Zone 3 Temperature (°C) 204.4
Zone 4 Temperature (°C) 204.4
Screw Speed (rpm) 300
Mold Temperature (°C) 12.8
Injection Time (scconds) 1.25
Peak Injection Pressure (kg/cm?2) 2109.2
Pack Time (seconds) 9
Pack Pressure (kg/cm?2) 421.8
Cool Time (seconds) 50
Clamp Tonnage (kg) 362874
10
FIG. 7 is a micrograph showing the plurality of channels formed by the ribbed
mold insert on the polishing surface of a porous polishing element according to yet
another exemplary embodiment of the disclosure.
Using the teachings provided in the Detailed Description hereinabove, individual
15 porous and optionally, nonporous polishing elements may be affixed to a support layer to
provide polishing pads according to various embodiments of the present invention. In one
particularly advantageous embodiment illustrating a unitary polishing pad, & multi-cavity
mold may be provided with a back-fill chamber, wherein each cavity corresponds to a
polishing element. A plurality of polishing elements, which may include porous polishing
20 elements and nonporous polishing element as described herein, may be formed by

injection molding a suitable polymer melt into the multi-cavity mold, and back-filling the

back-fill chamber with the same polymer melt or another polymer melt to form a support
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204.4 Screw Speed (rpm 300 Mold Tenperature (C) 12.8 Injection Tine
(seconds) 1.25 Peak Injection Pressure (kg/cn) 2109.2 Pack Tine

(seconds) 9 Pack Pressure (kg/cn?) 421.8 Cool Tine (seconds
Tonnage (KYP28BA8%5% 10 FIG 7 is a nicrograph show ngP¢HE
of channels fornmed by the ribbed
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layer. The polishing elements remain affixed to the support layer upon cooling of the

mold, thereby forming a plurality of polishing elements as a unitary sheet of polishing

elements with the support layer.

b1 B 1

Reference throughout this specification to “onc embodiment”, “certain

7 &

5 embodiments”, “one or more embodiments” or “an embodiment”, whether or not

including the term “exemplary” preceding the term “cmbodiment”, means that a particular

feature, structure, material, or characteristic described in connection with the embodiment

is included in at least onc embodiment of the certain exemplary embodiments of the

present invention, Thus, the appearances of the phrases such as “in onc or more

IR i LT

10 cmbodiments™, “in certain embodiments™, “in one embodiment” or “in an embodiment” in

various placcs 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 one or more embodiments.

15 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

20 herein, the recitation of numerical ranges by endpoints is intended to include all numbers

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

addition, all numbers used herein are assumed to be modified by the term ‘about’.

Furthermore, all publications and patents referenced herein are incorporated by reference

in their entirety to the same extent as if each individual publication or patent was

25 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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nold insert on the polishing surface of a porous polishing el enent
according to yet another exenplary enbodi nent of the disclosure.

Usi ng the teachings provided in the Detail ed Description hereinabove,
i ndi vi dual 15porous and optionally, nonporous polishing el ements may
be affixed to a support layer to provide polishing pads according to
vari ous enbodi nents of the present invention. In one particularly
advant ag@_ﬁ) nmbodi ment illustrating a unitary polishing pad, a
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enbodi ment of the certain exenplary enbodi nents of the present
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upon attaining an understanding of the foregoing, may readily

concei ve of alteraldRishiidhadbRELt | WRred the BRELIBILE s SR BstliRuddnes e
enbodi ments. Accordingly, 1t shoul d be understood that this

di scl os@eughsutibe entige praougpglishing qlemanéd to the illustrative

enbodi nents set forth hereinabove. In particular, as used 20herein,
the recitation of nunerical ranges by endpoints is intended to

i ncl ude al | Aunbefhe polithingned ofikleim h wheetin 7 eavife ixdsfiged within Bnd araioucless
1, 1.5 . 80, 4, and 5). In addition, all nunbers used
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The polishing pad of claim I, wherein the plurality of pores exhibits a unimodal

distribution of pore size.

7. The polishing pad of claim 1, wherein the pores have dimensions of 25 pm to
6500 pm in depth, 5 wm to 500 pm in width, 10 pm to 1000 um in length, and 5 pm to 1000 um

in diameter.
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intheir entirety to the sane extent as if each individual
publication or patent was 25specifically and individually indicated

to be incorporated by reference. Vari ous exenpl ary enbodi nents
have been described. These and ot her enbodi ments are within the scope
of the follow ng clainms. CLAI NS 1. A polishing pad conprising

a unitary sheet conprising a plurality of polishing elenents and a
support |ayer, wherein the |lateral novenent of_ the polishing elenents
with respect 8t o ol RMIshps RadSE clapp Lovhven prsh pebshing e@lﬂéﬁ‘?@ﬁﬁ 1xXpd to the
restri clsgghortiier Bﬁ_@oﬂﬁlg‘ tRdpJHEhiR% SIERAI S, 18 WpBrtTR¥eabl e in an axis
normal to a polishing surface of the polishing élenents,

wherein the plurality of polishing el enents conprise one or nore

por ous pol i shing : - o i . i y
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conpr i sehgpemfous polishing el enents. 4. The polishing pad of
claiml, wherein the plurality of pores are distributed throughout
the entire porous polishing el enent. 5. The polishing pad of

claim1, whetkin Pheg@lHiye pad ofl €laind §0wHstdidihe pOlMhin@lel SN hete 4t MAst one
polishiagpelenggts 6. The polishing pad of claim1l, wherein

t he pl uPEPSOEPR HH%?E?‘E&WF@PTS a uni nodal distribution of pore size.
7. The polishing pad of claiml, wherein the pores have di nensi ons of
25 pin to 6500 pm.in ﬂgpth, 5 pmto 500 pmin width, 10 pin to 1000
pm i n | engt h!?-and's R9fshiee prd@b claim f-fughies srpmapsing an adhesivg Jaygpgjacent to the
pol i shi ggyRAdayef oﬁo@a&ermé%mwﬁgf&ipeus%ﬁrgmda%{ss hing el enent is affixed

to the support |ayer by bonding the polishing element to the support
| ayer. 9. The polishing pad of claim1l, wherein the plurality

of polishing;gl MBS idfiSs faQFBMinRT, Wheki SRof nRfe nsﬁk ag&argbisng .
el ements with the support 1ayer. 10. The polis |%g pad of claim
1, wher 829pP36Re or all of the polishing elenents conprise a

t hernopl asti ¢ pol yurethane, a pol yacryl ate, polyvinyl alcohol, or
conbi nati ons t hereof. 11. The polishing pad of claim1l, wherein
t he poli shi nif-el ehhempolisthesmedaf clhisabtwhsrein dporeersershe éntioaty Of the potishiog 30

mm ehpégmcag kgghﬁag%@g§ﬁ@ga9f claim11, further conprising an

adhesi ve [ayer "adj acent Support | ayer opposite the plurality
of polishing el enents.

15. A method of using a polishing pad comprising:
contacting a surface of a substrate with a polishing surface of a polishing pad
according to claim 1;
relatively moving the polishing pad with respect to the substrate to abrade the

surface of the substrate,

16.  The method of claim 15, further comprising providing a working liquid to an

interface between the polishing pad surface and the substrate surface.
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13. The polishing pad of claim1l, wherein one or nore polishing

el ements is transparent. 14. The polishing pad of claiml
wherein a portion or the entirety of the polishing elenents conprise
abrasive particul ates. 15. A method of using a polishing pad
conpri si ng: contacting a surface of a substrate with a

pol i shing surface of a polishing pad according to claima1,;
relatively ing,the polishing pad.with respect to the substrate to
abrade the ggyfacéjﬂ?mgHgH?gﬂggpaﬁ fgfmgcmm@ M&The net hod of claim
15, further conpr fosiing aphamitdbfighlShin®Elknggs;lah@ui d to an interface
bet ween t he poliiging pad g rface and the substrate surface.

17. A nethod of naKRiRg the RS eBentHa asBmeFI&ehtg: forp 7 Rplishing pad

pl ural i taycRing® IS NG €l enents; and af fi xing the
polishing elenments to a support layer to forma polishing pad

according to claim1. 18. The nmethod of claim 17, wherein the

porous polishgng ﬁk&ﬁaﬁééoﬁia@mﬁ9!%@yﬁi&e'{)ogggélfeﬂing@femeﬁgagffo&eaas

saturated polyner nelt, injection reactive mxture that
evol ves ba igjegiion pwidingeiot gas pateretef pelymar polf. yajeation inojding ¢fareastiveinigurof a

m xture | S j I ;8. LCr -

' cot i AE R o (BT oSt By BB o B B mprivngy
i nj ect i eolymsk dissedvedfin peupeusititdh gasppgetiopmodingwif atrestuct of pepspatiblen a

t her nopl i ¢ .pol I,: conbi nations, .t hereof. .. .19, . The

et hod SPSESs VLG Rl SRR B eB0% ACRERRbarosptrees b rn

nol di ng,thecabdasdia polyger, aed babiralongdthededf ng, | aser drilling, needle
punchi ng, gas di spersion foam ng, chem cal processing, and

conbi nati ons thereof.
19.  The method of claim 17, wherein the pores are formed by injection molding,

calendaring, mechanical drilling, laser drilling, needle punching, gas dispersion foaming,

chemical processing, and combinations thereof.
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