WO 24) 05/ 016596 PCT/ US2004/ 020415 | N SI TU ACTI VATI ON OF A THREE- DI MENSI ONAL
FI XED ABRASI VE ARTI CLE FIELD This invention pertains to an assenbly and a
met hod f orwdheusivigestu activation of a 5 three-di mensi opatuiosgohodtdr asi ve
~article. BACKGROUND Abrasive articles are used in a variety of industrial
applications for nodifying (for exanple, abrading, finishing, polishing,
pl anari zing, etc.) surfaces during various phases 10 of manufacture. For
exanpl e, in manufacturing seniNGIHUCACTIHATIONOFA waf er typically

under goes numer ous ' j i ng.d it tterning, and
etching. After oneﬁ@b@ﬁ@%ﬁgﬂséﬁﬁa@i@ﬂecessary to
achieve a high level of surface planarity and uniformty. A conventional
.surface nodi fying technique conprises polishing, for exanple, the 15
cheni cal neghgni cal polishing (CMP) of a sem conductor wafer, wherein a
wafer in a carrier assenbly is rotated in contact with a pollshlng pad in a
-C\VP appar at us. 'ﬂ'ihéln‘@atwlshmf’gnsdadlnlc“@sermﬂﬂmﬁé@’l@ll‘tﬁt@& it theald| setu getipatgned a The
waf er unt@ on a (iat% 9 rr? ng carrier or polishing head, and a
contrgllab o F%%“%?%§%8 REGEFE® “against the rotating polishing pad.
Thus, the CWP apparatus produces polishing or 20 rubbi ng novenent between
the surface of the wafer and the polishing pad. Optionally, polishing
slurry conﬁ&ﬂﬁmsive particles in a solution can be dispersed on the
pad and wafer can ,ne perforned,not onl silig fer
rSel T bur a SAUBHE Fuidae® e elareO! dyaodtiy Goiceltof mad PR de.
conduct i Veeadaﬁhp?é Sdbrafdﬂ{ , SRR polishl dg[“pfhlﬁﬁ?lﬁﬁg, &95’@@&@@9&1}1@ %&@o&oﬁﬂa%sm ng
bot h conductive and di eI ectric rraterl als, as’in Danascene processi ng.
Chemilbal nﬁahamfm:mhlepdhr smmglenmynaaduwttbmomndmﬂecdonéawug:s,aa Piatee dyradnliasi ve
artlcle for exanR a fixed. abrasi.v $O|55h'n sheet .or fixe r @lve
o Such SMETSERRUSHRS PUECSIE AT PR OR KRy a0y PR ST TE v
abrasi ve comOSHbRS.OLMelD ﬁkés\él dslﬂagf elfjls fRe@aRPEKidREve ThE RRERS] 'o‘f'%ulface
conposites may conprise a rasiv rticles |n a bi nder, for 30 exanple, a
pol yneric wamd&yan@mmﬁmknng fluid may be used with the fixed abra5|ve

article and tgg waf er enm cal glgent can be provi % f? exa % in a
wor ki ng f1 uid Con\icf\?@n%e&smfe@@el PEFIUIGIO eSS pglishing, Tor example, the
15 chemical mechanical polishing (CMP) of a semiconductor wafer, wherein a wafer in a

carrier assembly is rotated in contact with a polishing pad in a CMP apparatus. The
polishing pad is mounted on a tumtable or platen. The wafer is mounted on a
rotating/moving carier or polishing head, and a controllable force presses the wafer
against the rotating polishing pad. Thus, the CMP apparatus produces polishing or
20 rubbing movement between the surface of the wafer and the polishing pad. Optionally,
i polishing slurry containing abrasive particles in a solution can be dispersed on the pad and
wafer. Typical CMP can be performed not only on a silicon wafer itself, but also on
various dielectric layers, for example, silicon oxide; conductive layers, for example,
aluminum and copper; or layers containing both conductive and dielectric materials, as in
25 Damascene processing.

Chemical mechanical polishing may also be conducted using a fixed abrasive
article, for example, a fixed abrasive polishing sheet or fixed abrasive pad. Such a fixed
abrasive article typically comprises a plurality of abrasive composites optionally adhered
to a backing. The abrasive composites may comprise abrasive particles in a binder, for

30 example, a polymeric binder. A working fluid may be used with the fixed abrasive article

and the wafer. A chemical agent can be provided, for example, in a working fluid or
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incorporated in the fixed abrasive article, to provide chem cal activity,
while the fixed abrasive conposites provide nechanical activity and, in
SOoMe proGRsSE&mEheM cal  activity. During CWMP, the abrasiy§nalblo¢lise becones
| ess active, that is, the abrasive article 5 becones |ess effective at

nodi fying the surface of a substrate. For exanple, as the abrasive article
modi 1 es 1 g sl Pee el iR MR ALA AR BRINE RALLLE R8IV hRE HETRYEd  Trom
t he abrasive*conposites. abrasive particles are renove Y1om the abrasi ve
conposi t esbraditee doaipesiek fiMVideayhebiganicatlueaditpsandent soned pabidesss,v ehanichc| e
beconmes |l ess. effective at providing nmechanical and/or chem cal activity.

Al so, abr#3W& particles 10 remaining in the abrasive conposites may becone
ess active, I Blifg el She RS MRRIARGHS Y0 RS abbYi0C btk ! T

t hese spent abrasive particles are not renobve romthé abrasive

conpgsi t eBecohlte lent efetivMP madifyhe fediictde ag 4 bebstriateed Fabeaanpie, aatiid cl e
becones | ess effective at providing nechanical and/or chem cal activity.
SUMVARY  almasiie agsictes syedifien b swifase fvie sihstialenpbrasive atticlasemap Pademeved ticl e
may be actiyvated,by. erodi per tion. of [as] o] sj,t.e wer eby
exposi ng ?P%%Imai¥%%Y%§8%g§§Fgle§§z%Egggi%%Eg?égﬁéﬁg%ﬁggiGQBC%%p%g%%f% i's

desired besmpsaed,thd &stibf ENIP midyehe @BL@A Shiffe Mixe@fabradbicl dt@clabeashaseless
particles at the surface of the fixed abrasive article. Erosion nay al so

remove woflechie o i Meviding inerkaniqal gmlionechamicadiaghividyt i ¢lse. abrasivhepasibilessi ve

CO”%Si ¢ ebeiééai 0oy 'zotﬁseu%fmiagiivg n&,l[n){ 0%1:%%33 in%%ye.’bec.t,or S q}iﬁbtraﬁe-evefop aerxgn-ln%ieeslegéay not

properly 5%5%§5d and cut ‘ra m A sh abrasive*conposites

are too efedhdaiRily tah@onbliasicMBy &ftiveCIIEhERY speay gbrasive PatitRE ateh@n ré@svdded
product life. The present inventors have also determned that there exists a
need for fiPwethe absay CGENREsitEs|tBe ran f VAP appn bst gdecedt Wathe diedi duasiyegh
waf er -t o- waf er e il e - I.SL. -need for fixed
abr asi ve §¢F?€F§§%“@%§‘§%%§§%% %%EmgﬁgF%ggﬁgﬂ |§§58§%§%§ﬁ§gﬂgfticles and CwP
met hods using fixed abrasive articles which achieve at | east one of the

fol | owi ngSUMIMREASe t he steady-state cut rate, control the rate of erosion
of %grasive C

For Tec i n°pr oABEREHS HVegHr 0 dGEOlbb HLE T BFHILE TaHARAE: SBUUCL | o
. SOMeThAgH0pden QUTERl g ) gl miledatiasve
t hr oughpuEraig ofetiecbrashve @ogsiofs ICMPsrdAD2005/ 10 16086 1POK tdpldkbmen0o2 0 4 1
5 Briefly, inone aspect, fhe present jnyention provides an apparatus for
remove worn abrasive particles from the abrasive article. If the abrasive composite is not
20 sufficiently erodible, fresh abrasive particles may not properly be exposed and cut rate
may diminish. If the abrasive composites are too erodible, the abrasive article may have a
shorter than desired product life.
The present inventors have also determined that there exists a need for fixed
abrasive articles and CMP apparatuses that provide high wafer-to-wafer cut rate stability.
25 There also exists a need for fixed abrasive articles, CMP apparatuses employing fixed
abrasive articles and CMP methods using fixed abrasive articles which achieve at least one
of the following: increase the steady-state cut rate, control the rate of erosion of abrasive
composite elements; allow tailoring of a fixed abrasive article for use in processing a
variety of substrate materials; enable a reduction in contamination during CMP; optimize

30 the lifetime of a fixed abrasive article; and generally improve the etficiency, increase the

manufacturing throughput and reduce the cost of CMP.



activation of a three-dinensional fixed abrasive article. The apparatus
‘conprises a substrate conprising a first surface; a three-dinensional fixed
~abrasive apty fhS)GYePrising an abrasive surface and an QppasiidsHLface,
~wherein the abrasive surface conprises a 5 plurality of abrasive conposites;
and a support assenbly. The support assenbly is selected to create a region
of a high erosign for.ce and %gkfgg on of a_ low er.gsi on fo_rcefmﬁn. a_nor mal
force i s applie@"EHYtREE AWELY HIEPFRTY YO8 PEBOPAS AN PRIAIE [ HR i e
support  as&ealby ofl thrée-digleatioA MRl hPRsive aflcRAIER DELVMRRRoMpEsdsiar st surface
of the substrate and the abrasive surface of the fixed abrasive article. At
| east the Hibghatlercosipuping arfet suefaen; pithre¢-dipenspnebiizedtabiastve artide tomprasiagr asi ve
article, anda{g he | ow er%s('# on forc%Si rﬁclzes eteha{?l tEe hi gh er osi on esfaorce. I'n
yet anot hef" A¥EEYY SU{ATE AT &1 QPROSISFEHA WIS AE 488 SNEF APTRPE? t he i n
situ sacti YRR oPhbrasitdERBpdiiteR Aed @B pokd X8 HAP! TBt VpofilabehdIERMPri sing a
substrate conprising a first surface; a three-dinensional fixed abrasive
article coppedigl ogrente abiziw ofa kgh presien Iorcanad arcgppos lny esovidmtnace whesr ei n

t he abrasive surface.conprises a.plurality of abrasiv osites; and a
Support asERETY ohe SR e Subises e St ruBs A TEE ac iR SbbES: g
region of assBingR SlHOSERAVE Aofien FWeded BAHOEh OF fRstlsOMARTIThOMbERLE BnadMReN a
normal force is applied to the substrate, the fixed abrasive article and the
support assenbivy surfacd of thedhxatliabmsivoritie. | At least Hteddglberwer ot shiffiaentsur f ace
of t substrate d.th abrasivq 20 iurface. of %h.e .fixegh abhaﬁj }ge article.
At | efst o ARV the BRIt Q2GS loeripsion ol ises than e bigh gEgion
abrasi ve agdjbgl e, and the |low erosion force is | ess than the high erosion
force. In yet another aspect, the present invention provides a nethod for
the in situ acii yetdmothepfaspect, lihe predgenrenyindinn | prévisdesdara bpmsitye farthe al eitu The
met hod conpr,ises provj di a. supstrate conpr.ising a first.surface, .and a
hr o i moRGharaD O pbe Aperdi ol G et SaRbgh s e vge &t ks FOBPETNE ace
and an oppQsirfsustats;ar ireclMigheBBOAR | MRASWEAALCArGABRLIPASING anPivdsilel duyfadf
abrasi ve conposites. The nethod further conprises contacting the opposing
sur f ade of anden fopresinmburése v whenctn bk ebrdsivie arfacp ponpriss sepibtajity ebabrasvé ng
the first surface of . the su s‘tratei WIEF a the abrgﬁ' ve surface of t fixed
abr asi ve afbTRIECSafHl Vi HEPA nBrARrlY- t SPESUPRYTE ARCRDDS CPRPESS: RdI$Ak "
abrasi ve agfehfh® adReiohng §HF%BOérbsi@§$6ﬂEE|and ARGidd 8Y bdbR0Bsish thek athenea
notion between The first surface of the substrate and the abrasive surface
of the fi xeunallferasisvapphied foccthe subbhreteaihplfixed apesivebrtfctr ad thinslipphy asssmdly ve
noti on bet vve(gn t.he

first . fac ft bstr at dth b i f
create erodP ﬁ1"?3?%%@%%Escg%%‘faﬁaﬁﬁtgeg%pe %gﬁégﬁ%l%@g S'ﬁéﬁ‘%@%ﬁ'@gﬁé] \6/1%6%’% aee

20 surface of the fixed abrasive article. At least the high erosion force is sufficient to activate

the fixed abrasive article, and the low erosion force is less than the high erosion force.
In yet another aspect, the present invention provides a method for the in situ
activation of a three-dimensional fixed abrasive article. The method compﬁses providing
a substrate comprising a first surface, and a three-dimensional fixed abrasive article
25 comprising an abrasive surface and an opposing surface. The abrasive surface comprises a
plurality of abrasive composites. The method further comprises contacting the opposing
surface of the fixed abrasive article with a support assembly; contacting the first surface of
the substrate with a the abrasive surface of the fixed abrasive article; applying a normal
force to the substrate, the fixed abrasive article and the support assembly; and providing a
30 relative motion between the first surface of the substrate and the abrasive surface of the
fixed abrasive article. The applied normal force and the relative motion between the first

surface of the substrate and the abrasive surface create erosion forces. The support



assenbly is selected to create a region of a high erosion force and a region
of a low erosion force, wherein at |least the high erosion force is

suf fici enfobgys@gkdoyate the fixed abrasive article, andp&‘fﬁgﬁﬁ)ﬂu}nh‘% | ow
erosion force’is l'ess than the high erosion force. In another aspect, the
present invention further conprises indexing the fixed 5 abrasive article

lative to the . mbly_such that at |east ti ft
nbr asi ve SCIRSS FEEBJE b TREOR Al IEBrTPHE AR BRSIGP BF tdoFo ¢ he

regi on oferbdign |tttk eRSGERNat 6% €& high W8St ROEENRE shffidfent®l hQIVIIEMRSiRA forces
were required to maintain uniform ‘substrate surface nodification during
CMP, howeabeasive drticlpr aadevhierdintherpwresoshen/orcelie) legs doo e lgh etatondaictor mity of
surface nodifigcatign, cut rate consistency, and steady;stat ut. rate

pr overent s ol BGeLeRrey L PlksFHg R oy Usbremry e sk FEA ng

spat §al | yabrApedratie del iRsto M Jupp&e asseliblAdch Rafad Mt ﬁ?_@ﬂﬂ%'dfﬂfe AhRxi g _
spatially nodul ated erosion forces may ‘be used to activate a fixed abrasive
articl e ieongiosies Apyeeiomitheas e ol dwenph eresion fieret frythe pegtiemad] the v edosived

er osi on f@rces may al so be used to tailor a fixed abrasive 15 article for
use in pr Et?ssi ng a variety of substrate materials. The details of one or
nor e enbodi meng Sy Qf thbfient! MUERRERh 8FRichClorde@dtel BqlifR ARG thiRt hiRfbrRe! OW.

O her features, objects, and advantages of the invention will be apparent
from t he shbsieate psurfane amddifiicgmnt Rleriof aCvE, BRy&Rr DESCRIrESENONN GRATHELDRAW NGS
20 FLLG 1.shows ,a textured, three-di sional, fixed .abrasive article. FIG
2 s SRR spaTaeL ST Ra ) BEn S d P SR de ST A-C4E on.
FIG 3a sh@WaieanplRemeRRClah ®RALhMEIEMShg 3TRAMBRIUR KIS HaPinp shRalk0
modi fying a substrate. FIG 3b shows a cross sectional view of the abrasive
conposi t enofulpkeGer@iwnaforess. F&drmbdisivei asepnebla hevingtspatidyGnoddatsthewsica cr oss
sectional .view of, the abrasive co site of. FI.G .3a when . the abrasive
conpos ¢ e HiArBoRs LT oartis PTG S G 1 oS o PO RSN BIFor ¢ he
abrasive mﬁmﬂ%ﬁﬁngafm&iuﬁte@ammﬁnforcte@%n@.bﬁwIaé_eus%armqgm@lea 4pR8 Medsivender go
activation. 30 FIG 4 shows a substrate contacting an abrasive assenbly in
one lénbodirtreletionfse in hwcessmgarraricyvadstbsnie mateingds 2005/ 016596

PCT/ US2004/ 020%1%65 details of one or more embodiments of the invention are set forth in the
description below. Other features, objects, and advantages of the invention will be

apparent from the description and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 shows a textured, three-dimensional, fixed abrasive article.

FIG. 2 shows a simplified apparatus that may be used for surface modification.
FIG. 3a shows a cross sectional view of an abrasive composite prior to modifying a
substrate.
FIG. 3b shows a cross sectional view of the abrasive composite of FIG. 3a after
25 moditying a substrate.
FIG. 3c shows a cross sectional view of the abrasive composite of FIG. 3a when
the abrasive composite undergoes activation.
FIG. 3d shows a cross sectional view of the abrasive composite of FIG. 3a when
the abrasive composite does not undergo activation.
30 FIG. 4 shows a subsirate contacting an abrasive assembly in one embodiment of

the present invention.



FIG 5a shows an idealized abrasive conposite in a region of |ow erosion
forces prior toin situ activation. FIG 5b shows an idealized abrasive

conposi t e ywp BediAGiegn of high erosion forces undergoi ngpt@mgh‘;oymg,gw vation.
5 FIG 5c shows an idealized abrasive conposite in a region of |ow erosion

forces after undergoing in situ activation. DETAILED DESCRI PTI ON Generally,
an abrasive arti &l 5080 Arihilihes SARAY ConhoRaNaNtaR of BRULOGHF hgRLCal | Y

removing material froma sur aceo a su ra5|ve ar e can be
a fixed abpédaiwwén siiOacaivatiosl. e, that is, an abrasive article that conprises a

plurality of abrasive particles in fi xed positions in a hinder. A fixed
abrasi ve arti cl EIj-9bsiBwt apdflelirsd ?l?léﬁvworamtﬁa&Héaglabroéélfabeemﬁam foresses

.except as aen ring the planarization process. Although these
unattachedrﬁ%ﬁ%g?‘i/@ g‘g%{:ﬁ‘%“gg may be present tenporarily, they are generally

removed from tHE.iftsdbivace ibeliveeabibiee toxpdsi@hinasiegnadttloe] @odod férbes
-substrate undergoing CVMP and do 15 not substantially contribute to the
surface mo#ff @l“@g l‘g@)‘ﬁgﬁfﬁiﬁ’eﬁwa% abrasive article my be a

t hree-di nensi onal fixed abrasive article having abrasive particles dispersed

t hr oughout gt AhEBSIDES g of its thickness such that erosion exposes
addi ti onalmm—p%ig@es. The abrasive article can al so be textured
such that it inGCkndadly, nindlsasivepotidle orsm aaivlt capaide ss@dchoichllousl/drichavhically at

| east the raised portiogns inc|ude abr asi ve p%tl cles in a_ 20 binder. Fixed
abrasi ve afePivimesnasal Hagd SUplaee Offaobelaimpheabrptive argclesap be gdixed gbigsixe 468;

2 4330312 arficfe Pl n xB7 dRde vt &%9 20 gﬁlx%ﬁ?@?%ﬁra 52 garﬁcl%g%ng%m

sone “enbodi nent s, the rasive a i nc bac
known bac kpamglcrmyn béindsedA fikod a?ﬁxan@mﬂp}epmhmmmll}f fréavsf, urfagbrhied abrasiet al

foils, nonwgvens, and conbi nations, t hereof may be used. |In addition,
Br uxvoort BAFLgles eXcsPl gsanayss gsperatadturing deeanlemmizaticn RIRRESE 7 Althpigh theset by ough

col um 18, uxlsztBFi ejcljlsa){)raQﬁ/g(f_\rahﬁ?eslfﬁﬁ; npereéé rrg%égl P9RnilFahdy eﬁ!:’loé’l{elﬁg)sl%ﬁfo'v%]frb

within the int art. In-so nents, fixed abrdsive articles
i ncl ude abtrmsnteﬂa@dﬁpwnttbfsflxmmwudenmﬂ)ﬂ]etsebstalteeuﬂdmgmmg aMiPhandalot  of

fixed abrasive artjcles and rlse abra5|ve p | es di spersed
t hr odghout "% sgbsieruially Fne bt e s aTa Aepedil ighHtoRgFassbe TBBER TR %ﬂﬁﬁg}n@o

e A A S R L 7
throughout at least a portion of its thickness such that erosion exposes additional abrasive
particles. The abrasive article can also be textured such that it includes ratsed portions and
recessed portions in which al Jeast the raised portions include abrasive particles in a

20 binder. Fixed abrasive articles are described, for example, in U.S. Pat. Nos. 5,014,468;
5,453,312; 5,454,844; 5,692.,950; 5,820,450; 5,958,794; and 6,194,317.

! In some embodiments, the fixed abrasive article may include a backing. Any
known backing may be used. For example, polymeric films, fabrics, metal foils,
nonwovens, and combinations thereof may be used. In addition, Bruxvoort et al. in U.S.

25 Pat. No. 5,958,794 (column 17, line 12 through column 18, line 15} describe useful
backings. Particular selection is within the skill in the art.

In some embodiments, fixed abrasive articles include abrasive composites. Abrasive
composites are known in the art of fixed abrasive articles and may comprise abrasive
particles dispersed throughout a binder. In some embodiments, an abrasive composite may

30 comprise a polymeric material having separate phases, with one phase acting as abrasive

particles.



Any known binder nmay be used. For exanple, (neth)acrylates, epoxies,
ur et hanes, pol ystyrenes, vinyls, and conbinations thereof nmay be used. In

addi ti on, YYOQkd, et al. in U S Pat. No. 5,958,794 line 64
t hr ough cvgl%trjir‘#nﬂ@été(l ine 5) describe useful binders. Paﬁn ?Jé}éﬁg#%égf%cti on is
within the skill in the art. 5 Any known abrasive particles may be used. For

le, B t | .. i U S. Pat. No. .5,958,79 | 18, . li 16
Theanh ool ummASy knm Binges Raghepreds Fyt eriipIS BRI Hatsir e R et Bely o ar
sel ecti onpigsipehbd, Ridye afk bdhibinBtidReh@EL: mAybS QSRR aihgitioR BaxvbdEerdlr asi ve

particles have an aver age particle size no  greater than about 10
m cr onet ensUSgipt. Noo P.98% J AP (elump 2§ lowt ek thrdvgh cabout 34 ligmS) describe usgulr eat er

t han abouj. r no greater than about 0.5 gm or no greater than about
0.1 gm. %)nggrg%arg%lgmeﬂ%cﬁpg 15 ‘P’H@nél_ﬁersg‘éol?%tgﬁgﬁi cles may be in the form of
abrasi ve aggl aARpkabRA abMkive PatRER mhabetusel UFat Etamé, Bragioordtal. ialy gsi ve

particles bonded together to forma“unitary particulate nmass. The abrasive
aggl oner aPas Nmyd, 98,79 awlinar 11§, $hapédthrorhnegiumaval, dinsr 2dedescribmasefshape.

I n some enbodi nent.s, the abrasjve aggl.qnerate.pay, 15 use an organi ¢ bi nder
or an inof aﬂV%P%flﬁa%r e Hﬁ&i%ﬁ@’g%fl ?%Sg"a\r‘?’it ‘T%ré' together. In sonme
enbodi ment s, aly ashy @rRPAIMIRY AhEILAANE PirRAES GV af | ABrab€ SR ahpHt 100
gm (for exanple, less than about 50 gm or |ess than about 25 gm or |ess

t han abougrebtegittran aboud B micrbinetarsajpavt(fdk exampty, nbessatdrithm atwawuts GnSogy . I n
sone enbodi nents, the individual abrasive particles in the abrasive
agglléner agEakaEngbost éiageorpyr gicelee thap 2bono0 grlat e ne geatep Ohapahmut Pd gm
(for exanple, no greater .than out 5. or. no greater,than ahoyt 1 gm or
o ar oat R hall s Ergodimiite, 3BE Hdpdabufien Bt ¢ Togmel BkeiTes o
abr asi ve aggg&h&%&%ﬁi%h %Bﬁpﬁ&g 3 Bﬁ?alﬁﬁ%? {dXEGudl AbMsoe paiclesRfdedroBBer /9
4,799, 939; and 5,500,273. In sone enbodi nents, for exanple, where it iIs

desi r abl etda formwoidtahapartingata masar flhc ebwfiva agglosteratsemsy b irmsguderesiapahduct or
waf er (for exaggl e, Where {}}Qg waf e 25 surface is a al oxi de-cont ai ni ng

t
surface sBEHARETE LPIFIUEIBTbIAHE- Ko &“E%Htf’é‘&%ﬁbgg%‘heea%%%fﬁ?émy
par tiscl esofiRd BigafR|EIed: L iy emia bYRRR 1B6ANAR K AN PlclBOgERE ey L han

about 8. In sone enbodi nents, rasive particles having a Mbs hardness of
gr eat er t bane embalimeBtsnayasbhe aggkindrated imve amartéridcd: enthan abdant 460 ver far ti cl es
include particles made of netal oxide materials such as, for_ exanple,
ceria, al e¥ArRe. lessdhagy aborhd0 B, eiokées than abaybdp mahtos less Hangbpulist Ma. paless cl es

oo B3 Y W, 550 ¥ B B e P 62 B
abrasive particles in the abrasive agglomerate have an average particle size no greater than

20 about 10 um (for example, no greater than about 5 Um, or no greater than about | um, or
no greater than about 0.5 im, or no greater than about 0.1 pm). Examples of abrasive
agglomerates are further described in U.S. Pat. Nos. 4,652,275, 4,799,939; and 5,500,273.

In some embodiments, for example, where it is desirable to avoid harming a

surface of a substrate such as a semiconductor wafer (for example, where the wafer

25 surface 1s a metal oxide-containing surtace such as a silicon dioxide-containing surface),
the abrasive particles may be selected to have a Mohs hardness value of no greater than

about 8. In some embodiments, abrasive particles having a Mohs hardness of greater than

about 8 may be useful. In some embodiments, abrasive particles include particles made of

metal oxide materials such as, for example, ceria, alumina, and silica. In some

30 embodiments, the abrasive particles are chemically active relative to the substrate being

moedified, for example, ceria.



In sonme enbodi nents, the abrasive conposites may contain other particles,
“for exanple, filler particles, in conbination with the abrasive particles,

- i n anount sybhadsqac®e understood in the art of fixed abragi¥esaniiohes.

. Exanpl es of filler particles include carbonates (for exanple, calcium
carbonate), silicates (for exanple, nmagnesiumsilicate, 5 alumnumsilicate,

cal ci um silicat, soafteh OsHmeAS! %Sabtrzn;?\fee@g dposﬁ@éjnﬁ QrEdnBEt LERP phARISOfor

Polynmeric filler particles may al so be used alone or in conbi natlon W th
ot her filleampjrarfilicc pes;lcles nins@mebigativooitie thesgbrahes pardelds.aibragionts nt el e of
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abrasive W&J_tes may be formed without the use of a nold 15 cavity. In
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form or shape, prefterred shape 20 in€luding cu ndri cal ,
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truncated pyram dal, cros ost-like vvlth flat to face, hem spheri cal
the rever¥@Pof 1aweéﬁ§ebﬁleﬁ§fﬂélvafcoweee hig ReCR SHIBY AT ORIE MEKagh some
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appreci ate under st ood by one skil in the art of fixed rasive
articl es. Geoeranhodimaes, ube sirapescafipdsiies aby &s ifvenclonplosit tlesus2 »f aanolde any

shape_that will usefully nodif he surface of. a sel cted supstrate. In sone
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20 including cubical, cylindrical, truncated cylindrical, prismatic, conical, truncated conical,
pyramidal, truncated pyramidal, cross, post-like with flat top surface, hemispherical, the
reverse of any one or more of these, and combinations thereof. Appropriate sizes and
spacings of the abrasive composites will also be appreciated and understood by one skilled
in the art of fixed abrasive articles. Generally, useful shapes of the abrasive composites

25 can be any shape that will usefully modify the surface of a selected substrate. In some
embodiments, substantially all of the abrasive composites have the same shape.

Abrasive composites may be directly adjacent to or spaced apart from each other.
For example, in some embodiments, they may be provided in the form of elongated ridges
spaced apart from each other, for example, such that channels form between adjacent

30 abrasive composite ridge elements. In some embodiments, each of the abrasive

composites can have substantially the same orientation relative to the backing.



I n sone enbodi nents, the fixed abrasive article includes a plurality of
abrasive conposites arranged in the formof a precisely shaped pattern. In
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often reported in units of angstrons per mnute) wll be achieved. As the
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stable cut rate nay be increased. In sone enbodinents, the fixed abrasive
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article, that iWhed 2RLMM&NIsARSINE] 3RMAS bYBculRRKLIEhE Srdl oft D Gix8dhb@AGee Of the
fi xed abrasive article. In sone enbodi nents, activation of the fixed

abrasi ve artidlel @ anitipleawst rapar(thatlig, ymatenslt tmeyat hratec uften aeportsst &i meiis when
nmodi fying a substrate with.a fixed abrasjve article Actiyation ically
ool ves CHE BTGB RIBAC L IDPE PR tho i SRR "aBFREiwE e SPETAPPR Y he 25
resul ting X0 sdbdffies dubdelBerft QObAGkdsN theSdik kA€ Qvill ecRREASIVDIRRNAIY b 8Smé hat
have not previously contacted the substrate. Generally, textured substrates

(f or Iexanplable gitirpicorByvidexiwg\ihe hbrasivp egickpHihat py, anptaerinily et cemimuesriduct or
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e ettt e SR el SR R R A L
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Sonme 30 relatively snooth substrates (for exanple, planarized sem conduct or
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abrasive arti Clh?ssi)mé %m Odi%l]é%l S,S/th%lf}y?eéga%ra@gya%% %51;}1-(134&(/)(%[312& %rg'siclm gf a fixed
20 abrasive article may activate the fixed abrasive article, that is, replenish active abrasive
particles at the surface of the fixed abrasive article.
In some embaodiments, activation of the fixed abrasive article at least partially
restores the cut rate obtained when modifying a substrate with a fixed abrasive article.
Activatjon typically involves the erosion of a portion of the fixed abrasive article with the
25 resulting exposure, at the contacting surface, of abrasive particles that have not previously
contacted the substrate. Generally, textured substrates (for example, silicon wafers with
topography, pre-planarized semiconductor wafers, and substrates with coarse surface
finishes) are initially capable of activating a fixed abrasive article, but may become
incapable of activating the fixed abrasive article as their surface texture is reduced. Some

30 relatively smooth substrates (for example, planarized semiconductor wafers and blanket

wafers) may be incapable of activating some fixed abrasive articles.



In sone enbodi nents, an activated fixed abrasive article will have a cut
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20 - If the fixed abrasive article is too erodible, it may result in an abrasive article with
a shorter than desired product life. Also, erosion debris may detrimentally affect the
surface finish (for example, cause scratches).

For specific applications, the degree of erosion of an abrasive composites can be a
function of a variety of factors, inclading, for example, the composition and surface

25 texture of the substrate; the surface texture of the fixed abrasive article, including the
shape of the abrasive composite elements; the mechanical properties of the abrasive
composites, including, for example, their cohesive strength, shear strength and brittleness;
the conditions of use, including, for example, the pressure and rate of relative motion
between the fixed abrasive article and the substrate; and whether a working fluid is used

30 during the process.



greater will be the rate of erosion. Thus, a fixed abrasive article that is-
suitable for a substrate of a particular hardness may not be suited for

substr at ewb%hqﬂ%l%_.‘g%ofter. Generally, the greater the su;,Hi’_r['@Z([ﬂ%&H;;e of a
particul ar 'substrate, the nore erosion 5 that may occur. That IS, ‘as the

surface texture of a substrate decreases (that is, as the substrate becones
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snmoot h. 18bispais ofre pertisoldl handness mayaobbselsied donsubbtne thapisasftéci zer in an
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Some se nbodi-af"%ﬁblsocchhe'f'ﬁﬁtnﬁeﬁs tHACduHA S texturk @ASE sudbEAtE d38%aseh f(Mat @Xasmhe at
| east about 40% by weight of the plasticizer based upon the total weight
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80% (for 15 exanple no nore than about, K 70%. by wei ght. of. th | asticizer
based wpofieTRE BRI ARSHCS-of Mon T hATAI Y Nk T SU R Poteote &
plastici zgfen JNRuRRL VRS s§BH@FSs sitdacld lel@fvelydRubN AhhyY RSt B0k welhi s may
result in“an abrasive article that is better suited for' nodifying softer

subst r at ewheidtwesvbstrate’ higfarays mlageelyeswbth. i n an abrasive article that is too

erodi ble to be used with harder substrates. 20 Referring to Figure 1, fixed
Sbrali ve arti clbsoHs HaboHimER gl FOREa A RSORBH el O Sy ot

erodi bl e ghragi YBAHATR 0F it fix 30athandedtit e ORI ORAhe RAGKIFRE] 20kasidPhARIY €
conposites 30 conprise a plurality of abrasive particles 40 dispersed in

bi nder 45c¢omthipinguppelpsteuref ade sahe embofimeats, digr bisdaranendéscdt deast hlaaut i26% t he

side of t fixed abyasive article havi a . face that,includes the aprasive
conposi te?%féﬁ)fm\}ﬁglf it é‘ftraéf“étr{&gﬂ) ]‘EYOWGQEE?Q&FFQ C’_lzﬂ'ebasez%u%cﬂ}g' itﬁ’/télt ‘gﬁﬁgﬁgce 12.
Figure 2 b} tHéStihddreSinSbiRl drithinanpanabisled 1Mk 6B A& thah WsRd sbW (for

nodi fying substrates. Apparatus 100 conprises head unit 150 that is

conniéct edexample momnwne (haotabowodn)by vahgllof 1Eoplasieizex hagotl @pod thetipehweight
gi bl e Chuﬁ@? EXtde-nd?n from head. uni t r{éSO At the end of cI}uck 1521i S
subst r at e ChdiaBP g5 In SRS GRPOSHBEH AR PLsiEher P BieH0 23ellfed such
that is Wabkvaeeommdat e Tois’ iRy eRtulf of GRS madvalkeve suiisksr iier haleerfdS54 to
pivot so that fixed abrasive article 110 can provide the desired surface
fini sh antodifsingssser Su'ﬂ!EI_IEWS- Zﬂi)ﬁvellﬂﬁ_gﬁlaﬁ"@ﬂ@bl'&mﬂﬁdh @boYiVs attislsthrfiadcer 158 of
substrate 12%e (IMEME] with ha R G Red! ment s, chuck 152 may not
20 Referring to Figure 1, fixed abrasive article 1{) is three-dimensional, and comprises
a plurality of erodible abrasive composites 30 bonded to optional backing 20. Abrasive
composites 30 comprise a plurality of abrasive particles 40 dispersed in binder 45. The
upper surface of the fixed abrasive article, that is, the side of the fixed abrasive article
having a face that includes the abrasive composites 30, will be referred to generally as the
25 abrasive surface 12.
Figure 2 illustrates simplified apparatus 100 which may be used for modifying
substrates. Apparatus 100 comprises head unit 150 that is connected to a motor (not
shown). Chuck 152, an example of which is a gimble chuck, extends from head unit 150.
At the end of chuck 152 is substrate holder 154. In some embodiments, chuck 152 may be
30 designed such that is will accommodate different forces and allow substrate holder 154 to

pivot so that fixed abrasive article 110 can provide the desired surface finish and flatness
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all ow substrate holder 154 to pivot during substrate surface nodification.
"Fi xed abrasive article 110 is adjacent support assenbly 200. Generally,

- support  ageesab¥i1cef0 conprises platen 170, for exanple, R RSHiAS.HLat en
~used in chemcal 5 nmechanical planarization, resilient substrate 180, and

rigid substrate 190. In some enbodi nents, additional substrates may be

' . ermboc ad may be
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measure the Young's Mddulus (often referred to as the elastic nodulus) in
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e Used. " POPe et e R VRS 1Rl dahoferkfhr SR BRGNS ol
exanpl e, phasidi6a iiness Vf MOERHB!s8FhdeCR®)be MOANBOEB-BhpbSitianddrkk figsd
Met hods for Tensile Properties of Plastics) and ASTM D882-88 ( Standard

Tensi | e Prepresive extiadé, tei iypPl efstppera8isewsell fanmbdifvingdbe spdace ot watsale,

ele ts that include |tiple | ayers of terial t he Young's 20 Modul us
of t oveP%l“f“”éP%#Er‘?P%?ah’a@e P]ée,s‘f“ ??euSFigfﬂ tﬁgtﬂéoc}lr’@cd’ﬁpﬁgﬁocssgh&%e nmeasured using
the test for tREdHAOESabIDBH s iTBhE oM subdtrafOt® BORRALOEMS, ndihdifor
materials (or the overall I‘llmgl d elenment itself) have a Young's Modul us

val ue of atxdeplet stabdard eQOmMPads PhgosedobngASTMod Hitals bstohetesting df aigadrent

may be determ ned by. the propriate ASTM test i n he pla def | ne t he
Cop e or - SUrabesye Hia REmER g YRR AR e fsB03s SRR 1y 0
rigid substitiRisf antHReplancCOMNink Hetal ] P mdkurdndine CoRIRUAbEuIuS Of aexaap! e,
divided into segnents, layer. The rigid substrate can be in a variety of

f or melS ncl AT E382193 (Bsaadqtl desteMelibady et kenstoadiestifpe! Mratis Foil) gan bengkddi sk;
or a continuous web, &‘or exaor.g)Me,d . qt}e_l t. The ri grlgldg bst ratE C ‘nt.i ncl ude a
Cayer of miPePARTE HenYREH® ol ot el BaResdlnalplh THRUG Pt er ent
material s, :QaRviedesladhs), ATEMNBEIRAGY ¢ohndedaesOMDods T8 Teatid Bupstieabe S
acceptable for the desired application. -11 WO 2005/ 016596 PCT/11 5
2110-1/11 Plgtigs) agd ASUINIABIE-8S (fitehdeubEensae &roperiassi ofl Bhin Ridstie Shedtprarehanpl e,
organt ¢ p0|u¥er5?r Yor 1MUY Slements that include multiple layers of materials, the Young's
20 Modulus of the overall element (that is, the laminate modulus) can be measured using the
test for the highest modulus material. In some embodiments, rigid materials (or the
overall rigid element itself) have a Young's Modulus value of at least about 100 MPa. The
Young's Modulus of the rigid element may be determined by the appropriate ASTM test in
the plane defined by the two major surfaces of the material at room temperature (20-25°
25 C.).

The rigid substrate can be a continuous layer or a discontinuous, for example,
divided into segments, layer. The rigid substrate can be in a variety of forms including, for
example, a discrete sheet, for example, a round disk; or a continuzous web, for example, a
belt. The rigid substrate can include a layer of material or a number of layers of the same

30 material or different materials, provided that the mechanical behavior of the rigid substrate

is acceptable for the desired application.
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pol ymers, ceramcs, netals, conposites of organic polyners, and conbi nations
thereof. Suitable organic polyners can be thernoplastic or thernoset.

Suitable GhpiyMeastic materials include, polycarbonat q,%,r J,Mﬁ\ﬁ‘gﬁgs
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20 The resilient substrate can be a continuous layer or a discontinuous, for example,
divided into segments, layer. The resilient substrate can be in a variety of forms including,
for example, a discrete sheet, for example, a round disk; or a continuous web, for example,
a belt. The resilient substrate can include a layer of material or a number of layers of the
same material or different materials, provided that the mechanical behavior of the resilient

25 substrate is acceptable for the desired application.

The resilient substrate is preferably capable of undergoing compression during a
surface modification process. The resiliency, that is, the stiffness in compression and
elastic rebound, of the resilient substrate is related to the modulus in the thickness
direction of the material(s) composing the resilient substrate and the thickness of the

30 resilient substrate.

The choice of material(s) for the resilient substrate, as well as the thickness of the
resilient substrate, may vary depending on the variables in the process including, for
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exanpl e, the conposition of the substrate surface being nodified and the
‘fixed abrasive article, the shape and initial flatness of the substrate

- surface, tWwe dwheicef apparatus used for nodifying the swefraggolfgrgnexanpl e,
-planarizing the surface), and the pressures used it the nodifying process.

51n sorre enbodi nents, a resilient material including, for exanple, the

overal | %xhl\}!bé 1€Nthe %HB%M:@&? of 1 {}f'éssuﬂst?/aﬁé' Qerfte RO ﬁ&%dl?lfed 268 $hd NAH ARQ4be 100

nmegaPascal s exanpl e, Tess than about MPa) . Dynam c
conpr essi verticks thcrﬁgalnrf andgsitial Batpesyatf ¢re sallbstu{taﬁurfdue ths ecpetod appasiue esddHer

Young' s Modul ten ref rred to sthesora stic in
Lhe o cknaeineds FEeBtOr FEpul: Mru s e AR B Sttt Mt o
10 Test meh{ya% %Odgggasurl ng the Dynam ¢ Mechani cal properties of Plastics

in Conpressi on) i's a useful method for neasuring the Young's Mdulus of a
resilisent subsir avme antteidieents,he restisdnt i reaterialulnsiudange fois exameplt.atter oaralh

| am nat ed sulstrate th | udes | ti | aye mat eri als. The Young's
Vodul s of FHENT SRR Enes aupuitec Boys BEleS bRl fhendao Feapescy VAR
D5024- 94 wifhy, 19%&%5{ Akt 86 MRS nérﬁﬁ%ﬁ%?éésﬂé tdtitg oﬁi%sﬁi%nt A& 95:?' oad

equal to the noninal CMP process p ssure uitable resilient materials can
al so be sebeatsedl tdnyn@dtd‘etthe)méddng selvalduBsi (ofet Irefierred 3¢ rassthe rsedrageadr ehastiSt r ess

rel axation is eval ted by deform a material d di it in the

et or med SEReuiinm B THENTs Castuin o 1 R Baers: mas FLDR e b dEh | s
neasuyined. qdi o [ESI bhhcat,e | ahout
50% (For ennol S R g e Dty N RaeAL, PRI EAResTRe
after 120 seagndsion)id a ussiulehethoédot ondmemmgnt}&sYouﬂrgs "Meddiniofice sdsileas” and

isidetermned by fir onpr.essi a sanple of telal | ess than 0.5
mm t hi ck afubst ‘F‘ét whej elztg ?fp %%F%te&?n%’ q lager qry f‘?l&}at‘-‘élt%‘ggéd‘%?ha!a%‘d“des
ki | oPascal ?nuhﬁ@é’%ﬁye&ss oiaﬁb't&}ﬁ%f.’ e P §,tsem% {sUsferhe %Q&hentzs%@émﬁ@%zfy‘?@éu“ ng

t he renmai ning stress er 120 secon e resilient substrate"can
i ncl ude a vedenined iaetoydiog to AsIIM é)ﬁO”nﬁJﬂewn}altlsa mEcenipateX)"Cod fugednel ofési | i ent

materjals i cI u or .exa mers including, for exanple,
t her nfopl astizean fh]é‘re[?ﬁgéﬂua WC@PH%‘?%MFB %?j&ﬁ?séurﬁol ymers. Suitable organic
pol yners i ncI Ud@uftﬂﬁé?&sﬂf&@%z&mﬁ% ¥R LRo thade1 e %P%Hlﬁﬁo&ﬁl OLoRihL tspduce

porous organic structures, that 1s, foans. Such fooams nmy be prepared from
natural or slsgmutﬂamtmnS(SmesﬁbMKaam cstdvehlateﬂéxymtwbmﬂng ¢ nedterstl an@ heldinecit udi ng,

for exanple, | yol efins 0 sters des, pol yuret hanes, and
copol yner s(ai‘%‘ge& ed sgi F’é‘l‘)‘?é&g \thet ?tk?s%o H%‘%ﬁ@?ﬁ r}tgi dé? TRHAR ISR de,
for exanpl ¢, ;GhL @FBRAIERG" HRIRLS makill! £AG RI1IRRY 688 doub ber §xaIHMEYelt Jedst 13
20 about 70%) of the inittally applied stress, after 120 seconds. This is referred to herein as
the “remaining stress” and is determined by first compressing a sample of material to no
less than 0.5 mm thick at a rate of 25.4 mim/minute until an initial stress ot 83 kiloPascals
(kPa) is achieved at room temperature (20°C - 25°C) and measuring the remaining stress

after 120 seconds.

e
n

The resilient substrate can include a wide variety of resilient materials. Examples
of useful resilient materials include, for example, organic polymers including, for
example, thermoplastic, thermoset, and elastomeric organic polymers. Suitable organic
polymers include those organic polymers that are foamed or blown to produce porous
organic structures, that is, foams. Such foams may be prepared from natural or synthetic
30 rubber or other thermoplastic elastomers including, for example, polyolefins, polyesters,
polyamides, polyurethanes, and copolymers thereof. Swuitable synthetic thermoplastic

elastomers include, for example, chloroprene rubbers, ethylene/propylene rubbers, butyl
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WO 21105/ 016596 PCT/ US2004/020-115 rubbers, pol ybutadi enes, polyisoprenes,
EPDM pol yner, polyvinyl chlorides, polychloroprenes, styrene-butadi ene

copol ynmer .o Aanlo1gtyr ene-i soprene copol yners, and m xt upeg/dsh@nmaliis One
exanpl e of a useful resilient material is a copolyner of polyethylene and

ethylvinyl acetate in the formof a foam 5 O her useful resilient materials

i ncl ude t n ba ma S: Ve ven
PohpHdFL W\J’t nEd a%&glsBﬁﬂeﬁes $8HM E@l&fn@f é]?ﬂ\%?l Bhl@ﬁdé@

fiber mats that for pol yol ef i pol’ ye ter “or polyam de
fibers; ampdlycBletaprémpr sgmat«bdtavlmﬁme rcoami@lmnrsnwndesmymm-sopzahs Ccopmmptse andf

seful commerci al.l ailable r s | i teri.al nc
lSol yl(Jet hyI“@ﬁ%‘l'%?ot}\%‘?‘f\?v | 8’6‘55‘9 I H éqﬁlfllfnﬁrfh%tf””‘lﬁhég fr SRPYRY; Ghat i ons

3M SCOTCH {eAR dnd LV EINVEL AT lfﬂ YN l}{pymfgqgl Tape 949 (a doubl e-coat ed
hi gh denS|pt g/y@ehlgast orrlnsrl c foam tage ava?ll able from 3M Conpany, |ocated in St.

Paul ,5 M nnesot @therE@seﬁEVﬂesilmm Iaatanhlabineluﬂe opol Vioktheke (ibgmegnated, felt—based

I\/assachusett EMR 1025 | ene foa val | abl e fro entin Pr oduct s
Uiy aant s ek FOmy pons 5007 B B O W 105 LA Bl BT DTG HOYSEE

Inc. (M ”'&?ggl%xhﬁie fMeﬁ”@&PPe@])m Qd AndeMAPAh W en hxdrTs avai l abl e from

Sent i nel cts, and SUBA IV regnated Nonwoven avail able from Rodel,
I nc. (Nevvar k, Bzhapkse)of Coefmbr ccbairrheymal%al h‘ed:n]ablepad:sﬂslaawl noterialyi dinalnde

I h hi { [
ot abi 6. PR GhA G5y Careirca e RerlabkoPdsi 6 e Foaser s Sr Ot del
Inc.jp 20 pRipgeedRpoNMOUNT IFthE MblnifLglapd enly %AJ%hBl%Ic%atjeﬁoh gﬁ”&%m@ft)g' d

substrate 190 can be maintained in fiXed Fe | ati on to each by an
at t achmentelaveaivainifsam tipeaanpllase dfom abbﬂcnlnpmam@:afe(drmrml Randj Mlmg:sona)g EO

t g.n f d | at h i d f dhesj
comhoot 11 EEs TR it Toms MRHERgL BB it b e BRI RSP R ons
thereof . T GAINBRAN StAAEAQIRR PRBCRI NAOSLLS), ﬁbﬁ@@lgayﬁfe%ﬁé%% 25

including, for exanple, thermal I'ng, ultrasoni'c wel
m cr owayv e-aaatablea ot Illﬂmd{ nkpe. éhbmteaprﬁlsomimhemml M@BOQQ/\/@nd:dWﬁ&@i&wEéfA and

conbj natiqns there ful ives | or ex pr ess|

censii ve tmeatyad fign Sribioe” Paanes: vk hA 1 puto e BPE phaS B e
sensitive tﬁﬁlfh%aéq%cl(mwg@[ﬁmuﬂg variety of pressure sensitive adhesives
i ncluding, for exanple, natural rubber-based adhesives, 30 (neth)acryl ate

pol ynmers and cé?pmrymﬂﬁy aiBlaple fBAs bhouk r@@:b@w mhg@flaydreﬂhmmaststct in
e g kMR, oSl Sk LSS B0E. Mot ehol 39B1ERG R SelgfcRel Y
Sui t abl e hefodRSUBA IV (Rodel, Inc.).

20 Fixed abrasive article 110, resilient substrate 180, and rigid substrate 190 can be
maintained in fixed relation to each other by an attachment mechanism. Examples of
useful means for maintaining one component in fixed relation to another include, for
example, adhesive compositions, mechanical fastening devices, tie layers, and
combinations thereof. The components can also be bonded together through processes

25 including, for example, thermal bonding, ultrasonic welding, microwave-activated
bonding, coextrusion of at least two components, and combinations thereof.

Useful adhesives include, for example, pressure sensitive adhesives, hot melt
adhesives and glue. Suitable pressure sensitive adhesives include a wide variety of
pressure sensitive adhesives including, for example, natural rubber-based adhesives,

30 (meth)acrylate polymers and copolymers, AB or ABA block copolymers of thermoplastic
rubbers, for example, styrene/butadiene or styrene/isoprene block copolymers available as

KRATON (Shell Chemical Co., Houston, Texas) or polyolefins. Suitable hot melt
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-14 WD 2005/ 016596 PCT/ US2004/ 020415 adhesives include, for exanple,

‘pol yester, ethylene vinyl acetate (EVA), polyam des, epoxies, and

- conbi nati ofdg, JdbehRQds: | N sone enbodi ments, the adhesive has subddicsgat
~cohesive strength and peel resistance to nmaintain the conponents in fixed
relation to each other during use, and is resistant to chem cal degradation
under condi_ i, QF e ri f i u

at't achment Sreons s HEStor ok bl L B AR B B, i ve
or nmechani egpbxisgans combinudomsghertall Iexampbmbodipleasetentihgivishas seffiaient ng ri ng,
tensi on, vacuumor a conbination thereof. Head unit 150 applies a nornal
force to s§BRESEErenglh and preldesitangede mamtain ghe compongts ghhxedzskiiapgeasho,
creating a : e%ﬁ,p]{g ‘ as f : abr asi ve
article 116)?%3@@%‘% ﬁ%eé‘e 1 gesgﬁﬁlﬁﬁ(gg%@g{:‘g%%%qé%lg@%@% incs)r?%%ebr exanpl e,
rotati®on, oscillAaviuiny of ardhaisranthag douksethfor anschinher edbhe beinoeetoripi@ents
substrate 156 and __abrasive article 110, with cqontact pressure, results in
modi fi cati éf BeR A 0ader esampien adbeivee /b JBHANEY, MERYe ARG (A8 &PMPi e 110
can be ind .S, .adv L NGr I [ [hwously) relative
to one or %%gm(%}é %Sné%?lgﬁ%frﬁ%cﬂ%g%? ngaésg‘iﬁn%ﬁg Cb%g%faggnﬁtek%gone enbodi nent s,

the fixed abrasifeadaimit ti0eappdica aaninbhfiottstobaibsirand S6hebragnd anistusilent is

i ndexed by a drive nechani sm (not shown), for exanple, a l|linear drive
mechani sm STPROTh@ptemphy, 208s s1egiing dosentaft mspwrg deiyeept Huesive sudens- 413 wén)
rolle (n o) /| aS ). - i t he
fi xedhgbr agamaéﬁ)aar%m%:lis Zﬁlﬂsﬂgjl E#f)al@? b%?’ ?fl( g)l‘@%tr%%?\ggi Vfé#ﬂtrﬁeé’?iﬁ)éﬁﬁ?ﬁggy@%@&aﬁ%um ed

on a suppl yorabbd, ¢saplatishomidomWiidcéhiBin@@ornsadelcn) Rdge:nofhet JuBsti 156 anaect ed
toa take-;g roll (not shown). The fixed abrasive article passes over the
support asSErsIY ke 1 Al contagt gresiurc Faplps suppdfcatipadspryce Is8. a rot ati ng
support assenbl h i: i I } t. rt
2ssondl y. e  ThxaftElphdilents Bu Rl RaLYEARER i b e AL Mo ST HRES
roll such tihatmefelly of comfnubbsiedrelabeasione cantidre lcomponems st bupportt Be:nshlppl y

roll and winds onto the take-up roll. The fixed 25 abrasive article may pass
over bhe or nor &00d ke some embodimenty the firpdipRFasive) atide ipa caMBEarnRHE 2nd thpe

supply roll ﬂ'{]ﬁ : STeMMcToll : RUPPRS tex Veoar e SOME
enbodi ment sC,0 ' gklgl@g%kb;mggﬁd g{lﬁdﬁ%gﬁgﬁgp&g(@g% r ot g{fée“%ﬁ?ﬁm%mél?g%’%rt
assenbl y. Imechaiieme Miedbdlefig pasesidrictdtor Substidiai &¢hdiB80, nd-giicknd ubiddrs aice 190,

or both may be indexed relative to Eéaten 170 and/or fixed abrasive article
110. 30 Abrs#_vpkani{prilamedays Mok i) s dssameembedimeyts oihe fixed abid Ve aibplsds fes

130 Gener ghh e g,y aia{llgig%.*l‘gjaﬁ%ha}ﬁ&y B duh&ALdrOR sRF RS 518 (ndt WMoY, LA 33 Of

r
sone abrasive conposi
20 leading edge of the roll connected to a take-up roll (not shown). The fixed abrasive article

passes over the support assembly (for example, a stationary support assembly, or a rotating
support assembly), such that the abrasive article is adjacent the support assembly. The
fixed abrasive article i1s indexed by rotating the take-up roll such that the roll of fixed

abrasive article unwinds from the supply roll and winds onto the take-up roll. The fixed

I~2
wh

abrasive article may pass over one or more idler rolls and/or turn bars. In some

embodiments, the supply roll and take-up roll are attached to the support assembly. In

some embodiments, the supply roll and the take-up roll rotate with the support assembly.
In some embodiments, resilient substrate 180, rigid substrate 190, or both may be

indexed relative to platen 170 and/or fixed abrasive article 110.

30 Abrasive surface 112 comprises a plurality of abrasive composites 130. Generally,

during the surface modification process, top surface 133 of some abrasive composites 130

contact surface 158 of substrate 156. During processing, abrasive particles (not shown) in
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contact surface 158 of substrate 156. During processing, abrasive particles
(not shown) in -15 WD 2005/ 016596 PCT/ 1] $2004/ 020415 abrasi ve conposites

130 nodi f yy§WokafQel58 of substrate 156. As processi ng F@Eoeedsy0ARr asive
conposites 130 may erode away substantially uniformy toward backing 120. If

the erosion is sufficient, abrasive conposites 130 will be activated,
ensuring y f AN r g%l i s {nh i gures
o a srre R oS A By SRS R R TE7 AT g

surface noddsiveabinposipgsd30ssay drodd Meay alblsawtialty fkifhinds towdi@ bickdiad 1302 If
activity of an abrasiyve nposite i s represented by the nunber of abrasive
d

cQ ! .
particl es the BOERR ioTikigient; dpasiys goenrosisss 130vidlghepstiyaed sapsaigddrespswRiyr | an
abrasi ve GGIPOS H€.q yr{aﬂtﬁc?&b@&cﬁ%n ess active due to, for exanple,

e a

mechani cal wearing o asive particles or a decrease in the chem cal
10 ac$ivity of Rijfigeabs asidvshopagihgle labmisivk riotrpabitey 330 dpiguvdraone sG8S of the
abrasi ve conposite 330 is covered wwth many active abrasive particles 340.
As the sursﬂgg“eﬂ wpdificalipnproesse Ihie feloig figreo HierrplRBVShgctivhiy £4 20 abra85posi t e

330, abrasj ONOS| i ve. ,
parti ol co SRR RRSE Entd bydfE RS 3B AR PSP @AE TR RS o)
this Wil dhoabi@suldonipdsite. rdeweter oM dbfasiveecompiiee naf aketbev@masasitive due

particles 340 present on top surface 333, and may result in a reduction in
the cut rdeefor wanplegpechanipaliyetiag oAl brybie RBiEcs Bpeleatepifgindbhelicniied s,

abragjve Ca%HP@!)h?%%}Sﬁ%sN@;ﬂar%BQe during the surface nodification process.
es y

Er osi on i nvol e wear fng away of binder 345 of abrasive conposite 330.
As shown in FilgitiaBy 3@p saffher 33326l shtas3ecahpasie B30vie comipd siithema30adisre
eroded, fresh top surface 20 333" and fresh abrasive particles 340" are
exposed. \WerasiveaiEicdeshidly obe BiesnEagmelet subsHae dper BeVRY ScBadiiied Snabrastyeasi ve
conposite 40 not . ar n ceept ghly., I - AS
shown in I—Llog 3%1963§;§0’t %lgﬁ{;ér?ggmgéséﬁel ?ﬂfﬁeg&%%b]se? g?‘l{’f t|§‘§1E1[')I 3% & eeé\a@g%{’ Aunber of
active abr@stiole BHY inagltesrcR4€dpfre@nanp sorfacet 838. s wisfshoen 33 Figire D alsib well
conposite 330. 25 As discussed above, it may be possible to nodify the

bi ndé? (f oEsBkirpieductiondn dhe pyrakeriofiasiaye) atﬂ'%“#‘n&%’ﬁ@%?"“éﬁﬁé%@né?lé)ﬁli“'é’-l’?eof an
abrasive coppasi ki, PSR iTatkhacih if B of iE aG8iR fote BAILLEULAL uidhshast e
under a particul ar’set of operating conditrons. wever, his may ead to
unaccept abdperdiing Ronditiess, abragive sbmpositet 3300inhe eralehitinaties sutacd mietifieitiber
operating conditions. 30 It is also possihle to condition the fixed abrasive
article i rprgceéq;.o}é@@ngg‘ﬁéyeéttge PEYMRE away of binder 345 of abrasive composite 330. As

shown in Figure 3c, after region 350 of abrasive composite 330 is eroded, fresh top surface

20 333" and fresh abrasive particles 340’ are exposed.

With some substrates and under some operating conditions, abrasive composite
330 does not erode or erodes at an unacceptably slow rate. As shown in Figure 3d, this
may result in a substantially reduced number of active abrasive particles 340 present on
top surface 333 of abrasive composite 330.

25 As discussed above, it may be possible to modify the binder (for example, add a
plasticizer) to enable or enhance erosion of an abrasive composite when modifying the
surface of a particular substrate under a particular set of operating conditions. However,
this may lead to unacceptably high rates of erosion with other substrates or under other
operating conditions.

30 It is also possible to condition the fixed abrasive article in a process separate from
the substrate surface modification process. Conditioning generally involves applying a

conditioning pad (for example, a diamond conditioning pad) to the abrasive surface of a
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t he substrate surface nodification process. Conditioning generally involves
applying a conditioning pad (for exanple, a dianond conditioning pad) to
the abrasiywg swdiasR of a -16 WO 2005/ 016596 PCT/ US2004p@2@kiMm0idsxed
.abrasive article. Aload is applied and the conditioning pad is noved
relative to the abrasive surface resulting in the erosion of the abrasive

conposi t es fixIAhBra@ek RIS SAUDS is3BPRS HR HOURRRISAR: p&d Rahved rEla@edol P
surfaces wWith fresh abrasive particles. However, this conditioning requires

addi ti onal abqgsivprserfacearpdultiogsu e Ewsionaridherarasiogiompositese pHsineligfasdbs si ng

steps. Equipnent is available to allow gne portio f a fix abrasi ve.
artiol e tohuant pormaiih raebefed oSG B PPD PradrerEforBsiSor (e
fixed abraspiyeconditfonilge rédgnire®Ndiditioarie dquibMeBy ahd @mdihiea! andqapmeatirand
consumabl es are still required. In addition, conditioning pads may renove

| ar gerS pi ecemraé pravessaty siepsy Eqapmpans it avatlpzin to aldewose pottion 06 Afixed Rewsive

erosion. Larger, pieces of debris are.thought to contri but 0.1 .

ndes: r abl aniet BRI 16 Re of p Rl W Eile o SER SR P et e ot hiagive
Figure 4 shaws RN&naiResl-RMevel, aifiBoRd] @88PmehNYANEIROmabRe Ll Jillf ded@itbd.
abrasive article 410 undergoes in situ activation. Surface 458 of substrate
456 cont actls addirias, caditgmifeapels 418y windve legenpiesssi efethambiagive cambPosifbthasi ve

article 410 is supported. hy support assenbl 00, which conprises platen
470, resi | iP6HHS "EYEFOBEY!S r?laﬁl_gg-! REVE AR 1S B‘é?c&%g*%o_ .C%gt?}g‘_? 49500
are sfipwn pR3Ld RS REENEGTNE LilTde bAMmE surkkPAieatsthd hy@de@br asive article

410. I'n sone enbodi nents,” spacers 500 may be | ocated between rigid |ayer 490
and resilient | &ymie 48howk wns smbodmimmt vhEet mesesp aventsorb Othenay fiyed hbrsived

bet; iLi I 480 .and .pl at 470. | nmbqdj t h
support ascRift kg Eson SAdFEruR Ty S SAE Y TS e Fayer s
Spacers mayuRgccdBSeNfixéd abgvé ARl a0 ABrRalWeaR. Ny J@@ﬁﬁpo@t@d%@j PEGH

| ayers. I n sone enbodi nents, spacers 500 may be |ocated at nore’'than one

i nterface. absenbdy#0Gviodi wempsisess platsar 47G08siayt tryer B80prigske tyer AP, erdnpl e,

i nbodi nent s, th t] f th .may b i.d .
var s aF ons I peie SO0 BE shife Porn BRI T P U RET b
resilient suR$d B86.6In BmOERBOIILANE! SpRELSHO mhbE MR aRB RUPRANii@EHRIAbY. I N

some enbodi nents, the function of the spacers may be provided by variations
in the mechaaircalienirlopar43(es If fsome esralmglirecntslespsidry SOoaay bs, loetie] pewfeemne or

come embodrdhite e A ot Seieb 701 s SHab B e PO R B Se
regi ons andi@kioAA1AQY&S, foP ckNiBplB! Altefive MyeROUGMERQUNAPBE Bldslr 28 PRCRES 12200
havi ng rectangul ar cross-sections are shown in
20 between any pair of adjacent layers. In some embodiments, spacers S00 may be located at
more than one interface.
| In some embodiments, spacers 500 may not be present. For example, in some
embodiments, the function of the spacers may be provided by variations in the thickness of
one or more of the rigid substrate, the resilient substrate, or other layers present in the
25 support assembly. In some embodiments, the function of the spacers may be provided by
variations in the mechanical properties (for example, density, modulus, etc.) of one or
more of the rigid substrate, the resilient substrate, and other layers. In some embodiments,
the function of the spacers may be provided by raised regions and/or grooves in the platen.
Although four parallel spacers 500 having rectanguiar cross-sections are shown in
30 Figure 4, the number, shape, dimensions and orientation of spacers 500 may be varied. In

some embodiments, spacers 500 may have the same or different dimensions. The gap

between adjacent spacers may be substantially constant or it may be varied.
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30 Figure 4, the nunber, shape, dinensions and orientation of spacers 500
may be varied. In sone enbodi nents, spacers 500 may have the sane or

di fferentygihRRsi0ns. The gap between adjacent spacer spdpysheyedbst antial ly
constant or it may be varied. -17 WD 20115/016596 PCT/US211114 /0 2 0 4 1 5

Normal force Nis applied to substrate 456, fixed abrasive article 410, and

support assenbhy, drillgbo&reer@ﬁg h&?m %Etr:ﬁéa § ﬁa%}é@ﬁ%rhrﬁaéwemﬁ%ﬁ At

substrate 456 an rasi ve ace 41 rasive article 410. Sﬁpport
assenbl y 4@@@9&40(b£trwmlgmduﬂaalt[ﬁsssundammmﬁacqaﬂﬁsﬁmbsuﬂhdﬁﬁ ami algpavt al

ancl or - vaPvtec o ARG BTt yprt A TR e ReaRAGs Qe BRE or

nore | ayeflsurtle TahEs Sphedivansidik lﬂakm@p@n%leﬁlw 60 A ple, PRLSS Hnee of
Generally, the contact pressure will bée higher i'n the regions pr oxi mat e

spacér s 56pacems| and/vevarttivhe ic oretkenical prapegies emilfor tthe thidgiesmel preoogi mare t he

gaps bet en spacers 500. Li eneral | the contact ssure be
P her 1 nTDRE: PRGTORSegRB ok tren A SOURL Pttt Burror DenayifsErconel he
suppor t a?ﬁ-ﬁ&ﬂ% Yo Be thligkﬁk% tﬁé i BANR pfRimEEaRlEs oML tgeﬂ?né' dohtRE
greater onpressi ve nodul us, Iomg in the regi ons proximte the gaps

bet ween t hesaranets. reglmﬁrpmglmmﬂtergpebﬂmterﬁ spmbnscﬁﬂl) r[ekfa?vlsmgenmlly)rthﬁ is

created betvveen_substrf}%)e 496 and fixed abrasive article 410. e
conbi nat i GANBE AFEUE A REMIECEESTF &° oty W%\“&taf"vaéeasr%lﬂfif"éﬂ“@’i ‘@8@ 4y 8f osi on

forcgs at tﬁehgu;s&ﬁheﬁgs%slyb%wﬁmewra@vxef&uei 4&2mg$erf betBfly okSgRREasi ve

article 410 and surface 458 of substrate 456 he spati m)dul atl on of the
cont act ppemsrﬂsavezmdmlas ané frivomsn Gie régigis Eosinhaberbe rzapd twéor tbese ardwmt i s,

regi ons havi ng her conta ressyre w associ.ated with hi
erosi on force. quﬁm SH%S“@WBB‘%‘&%{O%‘ #ﬁé"lcén?téorhed? Great efja%?t%"fe“ S&E?%%‘gggé hi gh
erosi on f QpE §ixed DAY HAPS THOMBHILHIBEN FAhONSnALt hbRYRE ARl QBlafipE ce. 1N

sonme enbodi nments, the 20 erosion forces in two or nore regions of high
erosi on f aratiensC dels i eenstoinalorogs tah éhesintrelact hewoar abrastydi smefates412 hefisedsi on

forc ubstantlall al | ns of erosion .force
subsf?antl é‘gﬁa?"f’ ﬁ'én%l%r?é an SéIBgﬁ‘ée gﬁ%d’ggngﬁfaée 4§E gﬂ} SoshabRl Pofpladon r'?(;l t&‘b or
nor e reglcgﬂﬁctoﬁreéahgﬁa@ﬁt@ss&mﬁs%fcﬁcﬁra%ddb&f@fbﬁaﬁ folcB, ﬁﬁm?s eshes pRRGs, the
erosion forces in substantially alf of the regions of high efosion force

are diff ehegher contast presgirowili by seodisted Bitbdigheotrosios fewegi ons of h| gh er osi on
force is suffl ient to brasjive.arti

enbodi nent s, rF8™Mes EIEE?)Cle% ’le %ﬁ?‘gfg Ir%éﬂgﬂétyo‘?t PR 8§ 5k £ {)orsgg ?Eﬁ-Be some
enmbodi rrents@palét&ewrg@ 4 %hqsﬁsﬁ&e&chdhstd@qo@rmaaaﬁ 61881 MSoRE cnBydRR&Rd, QRe f Or ce
are substantiallyt sane. 1n some enbodi ments, the erosion for ces in
subsint i atdsiondiofcepin tvmgor more regions of high erosion force are substantially the same. In
some embodiments, the erosion forces in substantially all of the regions of high erosion
force are substantially the same. In some embodiments, the erosion forces in two or more
regions of high erosion force are different. In some embodiments, the erosion forces in
substantially all of the regions of high erosion force are different. The erosien force in
25 each of the regions of high erosion force is sufficient to activate the fixed abrasive article.

In some embodiments, there is a plurality of regions of low erosion force. In some
embodiments, the erosion forces in two or more regions of low erosion force are
substantially the same. In some embodiments, the erosion forces in substantially all of the
regions of low erosion force are substantially the same. In some embodiments, the erosion

30 forces in two or more regions of low erosion force are different. In some embodiments,

the erosion forces in substantially all of the regions of low erosion force are different.
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regions of | ow erosion force are substantially the sane. In sone

“enbodi nents, the erosion 30 forces in two or nore regions of | ow erosion

- force are digffet@ptes | n sone enbodi nents, the erosion fereas200/020415
.substantially all of the regions of |ow erosion force are different. -18 WD
2005/ 016596 PCT/ US2004/ 020415 Figure 4 shows first region of first erosion
force 520, secomghiegi MRwaffiseRaNH 6f At Qibsid fRcO480, aRboddidythn 695LBnHf
third erosion force 560. The first erosion force is reater than the

aver age er ¢sisisn formeck0 andgihirf gegipi 06 thirdegfiosign dpree| 368t gisberopiondercsdy is a
regi on of hi osjion force. The.second.and third erosion.forces.-are |ess
than the. s a8 R dydie Propbl TSR 1 M ot LIRS iy oL EaER AR ot o
force 540 andord bf High eRGioaToRE. The Eton@ERSIHNA SONGEIORRE add [8sy BIEH OR%VEag OW
erosion force. The boundaries between regions of high and | ow erosion force
will Be deemsivnrdferebibat fsopecerhmsian oft fseony oresion Hemse 54@ pad thard regoatdf shirdf

spacers 50Q, or other . features of.the su rt senbl Y4 rise. to the
spatially ﬁB"alﬂ“a‘?’EC& gc@n%rgé?glﬁ?se% s{?rw e‘?roﬁ‘]ﬁg?8)”5‘0%:?qugga%é\ﬁ?g\geéﬁergelggﬁP%I y
correspond hid adDidhe N eatd @51 afe sRaGARST D90 for! Hkaaie B6RPMdI RBIYeS and
abrasi ve surface 412 of fixed abrasive article 410 substanti ail y conforns

t o surface odggaipdn sfibpacesst ¥0456 othen featwnes efrttiod Fuppoettsasseibplsisgivieg rsartpabe 412

may not substanti al conformto surface 458 between adjacent regi ong,of
aher - coneatplEurEr Sr ol S B s 1ER SRR RO BEHBSEY S8R Decond
regi om of sRGANEIRTQD OphckRrFO. 540. Abrasive conposite 550 is shown in a
state of decreased activation (for exanple, there are relatively fewer

abr asi ve parti cllessoBB2 eovbotgpensur ftieseves 38ifacerdl 2erbirfpied, abapvasirielecdbosi t e

550 may hay artici ed in di fxLng the su ce one or re . supst.rates
since it \Nﬁgbsﬁglgtah%\éfg%g}“e& SUALY é‘ﬁgtogtsg%??fﬁ %%@eﬁ’aggn%famggﬁg]ﬁ§eg@8%%si te
550 20 contsagice $1Y maf oft 88bs@intislPebifalf 14 X0t 4T bBRREE 2T|0eht Sions of
processi ng proceeds and surface 458 of substrate 456 is nodified by

abr asi ve paighettagacsprsaire.abr asi ve conposite 550, the effectiveness of
abrasjye conposite 530 is reduced as. fo0 xanple, abrasive part.icles 552
are r%ér/mved froﬁ‘auﬂ? g%?klloé” Scfgor%%sel %ogngg)g]&: '5(5) Irb%r?éSIr]r%rqgéosnsOfasgfcim e oYY ggﬁ%

enbodi ment $40t ebrhvé E61A5dsAB8 F501E 8hdwin HLECRe bEYE@Pased 25@G00H (RIrashPle, 25
force 540 is insufficient to activate abrasive conposite 550 and expose

fresh abr ashaie arpaglativeledewgrabrasing padiclesb? ek iopdop owpiest $83B5F0or xample.
AN T R e L

However, t RebsaaRyRincofit @ipPRbORINRYI.NOL 14t ®YfshifedefB3 of abrasive composite 550

20 contacts surface 458 of substrate 456 during processing. As processing proceeds and

surface 458 of substrate 456 is modified by abrasive particles 552 of abrasive composite

550, the effectiveness of abrasive composite 550 is reduced as, for example, abrasive

particles 552 are removed from abrasive composite 550, or become less active.

In some embodiments, the low erosion force in second region of second erosion

]
L

force 540 is insufficient to activate abrasive composite 550 and expose fresh abrasive
particles 552, that is, abrasive composite 550 is not activated is sitn. In some
embodiments, abrasive composite 550 may undergo some level of erosion in second
region of second erosion force 540. However, the amount of erosion may not be sufficient
to activate the composite, that 1§ create a surface having sufficient fresh abrasive particles
30 to restore the cut rate of the composite to the desired level, or to mcrease the steady-state

cut rate to the desired level.
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to activate the conposite, that is create a surface having sufficient fresh’
abrasive particles 30 to restore the cut rate of the conposite to the

desired | @ufhooslesb0 i ncrease the steady-state cut ratgd@udhaHessred
| evel . -19 WD 2005/ 016596 PCT/ US2004/ 020415 Figure 5b shows abrasive

conposite 530 in first region of first erosion force 520. At |east top

surface 533 of AAESh R SOMASIL Lond0 AR R BET ARG Bt SRR rat e

(not shown) durifg processing. 0C€esSI ng procke e surface of the
subst r at e Aisleastool buréae B33 alirabsdsive @atositd 630 b3Raat tlabsaticy @f cenphsirite 530.

Al'so, the high erosion 5 force in first region of first ergsjon force 520 is
suf fi ci entMPoSHOMIYEUEBE PIERSSHRS OF RIBTESEPY roce&ﬁ%&% ?%%@Scif th SEPSERISOSi ng

surface 5%§5diﬁ§tg b rea%gigiov%b%agfély&esm& 26188 Q%%?S;filfwgso.i M1kd."BE hidhe&o®Bn Of

first erosion asive conposite 5 undergoes in situ activation
whi | e5 si mibtcarie s kggiordli firgi exgsibh dorse 52@ tsesufificient o bside absion\¥88oftahmsiabr asi ve

article is indexed relative. to the port _assenbly, so 0_abrasive
conposi t esCO_Hﬂ\?%%Pchmﬁ f%%%rgdswrgg? 345 onddeseh ﬁhragwsg%ﬁﬂcgéﬁjée_Tgaﬁ_le &% r st
region of fiib5tr6505L0MhALRE PP MRNE éd?:%bfsi’éé I530 URKES B0 %fnY ki 2on A SO,
sone abrasive conposites wll advance fro Irst regidn o Irst erosion

force 520 wiale dwnnkianeegl pmoedifyinpitiiedsurcost osubkoitee 560 where they w l |

continue to nodify surface 456 of substrate 458. Figure 5c shows abrasive
conposi te 570 iM§Thithey 2p@give rrtieie i maeedosiaiver Or HE Bport assemply} sA¥E t op
surf pge 5763%1‘%&6%&%51\{@8 ERINGS lf[kgl 2nG JBLBR S B HlfoEi%ﬁgfo?% kP sebgtrate
(not shown uring processi ng. processtng proceeds, and the surface of

t he subst nagien io$ firmrechsfonefdrch\b28brisest ey paitundéigs abitdatioh. alis@some abowjposi t e
570, the effecti venﬁss of _abrgsive conposite 570 is_reduce

as, for.
exanpl e, AOFRSFNS Palrgy¥Ice drogyHrsh Fegionepfpirarrotip Mrehr Ao/ lrgé?ﬁm?ffté}rém, or
become mr&?sﬁ&mﬂﬁcem \brgaf»étheymrahmiulexo ﬁ{ofdﬁ?tshff%)edsﬂrofkﬁ?sﬁate?ﬁsp hemi cal ly
I ments, the on 1o

effective. [n some enbo e | ow eros rce in third region of
third erosion flogwe Sc560v3 shraote suhpasae SA0 it thidotgivatod thattk assive faonpaki t e

vas. B eseritt epsHih STHGgy ArPLORT FOIOTERBGE 370 cPOREs o UIF GLRbapthETre
particl es Rdgndhg) %&%ﬁﬂ&cé@ﬁpgoﬂs?écfe%ﬁ‘% Prb3eeds A (RDEARBICY Bf dr SHRIRRSKL € 570
is expected to be nore ‘efficient at nodifying surface 456 of substrate 458
t han abr ashed@fiedhyoshtgvs Fortwhisch7had aoehifd edmpnateop7hothe sifrctizemss sifnce
ggimr;gl esgfa{b\ée?sgvg(rj@gl!m?)ﬁﬁg 270 ?snpe%glizéﬁe Q&, For g}?z{n%ﬁ(ia,vzﬁ)rgs?\%p gaﬁj[iglees ’?;9 arr’gi}'/enlljoqggr g0
from abrasive composite 570, or become worn (that is, less mechanically effective), or less
20 chemically effective.
In some embodiments, the low erosion force in third region of third erosion force
560 is not sufficient to activate abrasive composite 570. However, because abrasive
composite 570 was activated in situ when it was present in first region of first erosion
force 520, fresh abrasive particles 572 are present on top surface 573, thus abrasive
25 composite 570 is expected to be more efficient at modifying surface 456 of substrate 458
than abrasive composite 550 which has modified one or more surfaces since being
activated.
In some embodiments, abrasive composite 570 may undergo some level of erosion
in third region of third erosion force 560. However, the amount of erosion may not be
30 sufficient to activate the composite, that is create a surface having sufficient fresh abrasive

particles to restore the cut rate of the composite to the desired level, or to increase the

steady-state cut rate to the desired level.
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inthird region of third erosion force 560. However, the anobunt of erosion
"may not be 30 sufficient to activate the conposite, that is create a

- surface haywigwosifcdci ent fresh abrasive particles to resgng:éieayt rate
.of the conposite to the desired level, or to increase the steady-state cut
rate to the desired level. 20 WO 2005/ 016596 PCT/ US2004/ 020415 If the gap

bet dj t | : | i :
etween adj acenty ?l&agfﬁt' Bettwdedh %Hl[aﬁgﬁhs:pa%eﬁ‘@?s %Oﬁﬁﬁp th® 'éﬁfe,} | rdd0haP ot be

adequat el y nodul ated; "that 1Is, erosion force w e insufficient
t o acti vat edeqietel pimeisiavel, ahdtiicl the bighkewsior foick willebegmpuifietene enaddjpctbnt

regi ons where one or re laye t hi cknesses. are varied, or regi ons where
the. mechanidRESB S t 1AE I ohibe D HEPEoR AQUPET GEENS RECR ARS R (oIS JEYF|

are vari edthiRes&sQsd %ieﬁoéﬁ%gi%ﬁy whek themadpdisat ﬁbﬁerﬁ@éjb@ eed moT@ﬁl_yeﬁio!?i mm
gap may depend on the nechani Gal properties (for exanple, conpressibility,

rigidiiy, cbhbnfuppoebisientbly aet criedothe eheidnalpeesnionettecdideenavde madubteshdher s
and the substrate being nodifi edr,WDancllthe nunber ?&Jﬁl a erIs bet ween. t he
spacers a_ndmlnH%mE‘lﬂﬁ‘?tIPQ? depradnp Hrolrs api§al BIORCHICH rﬁxé%‘B erigmBicsBPilibhend
on di nensi Qggrﬁcg{ ,Qﬁnﬁﬁﬁﬁﬂflii@h e%ct'ﬁeof"‘t'hgtléyeglgﬁlgcét;@@_Qttztkbee@% %%b&ggﬁg $tle &MCirate

mechani cal erties of the spacers. e mni num gap may o depend on
t he magni t betegofmotified; fid keessniznd/idryare bharies dhe ppaperdnd tharsobttrabnbeing  one

or nore |ayers.o e support assenbly. In sonme. enbodi nents, the thickness
of one or rﬁ%‘i"if‘?“;y_terpg WHHB‘F% B Jpor ¢ S‘é&%@?ﬂl%}’n&(ﬂ?e&s‘oéi Ieéf‘mPlﬁ_ethlf’e‘%‘idF -ent
subst [@at e, LA MdndiHicBiAS] At ﬁeclﬁﬁ&apbr%b@rﬂcs 8t fhe)sphRYs. VERY H&Hﬁﬁhﬁhéﬁ’may 15 As
before, when a substrate is contacted with an abrgswe article supported by
such a suppdsot depsskoblthe angnandrosinthe thiokees asd/appiectzaical pepstty vetishiansoh t he

suppor t assenblx cag e a spati al dul ati on of the contact pressure.
This may r&8GIF Mo QY P& SUBPThaSP ™ RiYgh erosion force and a second region

of 1 ow erosion flpKGQe cBhoARRMADieAhRKRAE BEbAOR Qbrel1Bfors HAthE @&ﬂ»;%ﬁ aisé\axﬁlﬂg
t hi ckness of the layer(s) (for exanple, the size, shape, dinensions, 2

spaci ng, et(éor)examhle, thi gésilemo sibstrafeothe aigni $ubsthase. ghé plateherit.) nmyaetyi spatidlt he
abrasiyve copposites, and .the |ow erosion force will he |ess t t he high
o6 bh 1 orARDPiF: Sbifa B ABOHT et STRE WL R PEH o OREr FPERS P EToP or o
layers (f Orsupﬁ‘d&%@éﬁblytﬁ@ AR Ra1 18cedk E‘)ﬂle@; thkREuéd th@gaﬁygontabﬁn{b@wa ent

| ayer, the platen, or"any additional layers) may be varied to spatially
modul at e contigct sporidssefdatamdiyhetaitafc pessuan dlR5 nsweesudl in edirgnsgioh ohhigh and

RSN O W S INCR At R SN TRV S,
one or  MONEQhAMENS tHRYhLRRNAS] diSthedlaydl§ (Y& E)@éﬂl;ﬁé‘, e $ihe %ﬁ&a@i&rﬁﬁgiong,
property and/ or properties
20 spacing, etc.}, the high erosion force will be sufficient to activate the abrasive composites,
and the low erosion force will be less than the high erosion force.

In some embodiments, the mechanical properties of one or more layers (for
example, the abrasive article, the rigid layer, the resilient layer, the platen, or any
additional layers) may be vlaried to spatially modulate contact pressure and yield first and

25 second regions of high and low erosion foice, respectively. For example, the density,
hardness, stiffness, compressibility, modulus, elasticity, and/or relaxation time of one or
more layers may be adjusted. The variation in the mechanical property and/or properties
may be selected to create a first region of high erosion force sufficient to activate abrasive
composites, and a second region of low erosion force, wherein the low erosion force is less

30 than the high erosion force.

In some embodiments, grooves may be placed in one or more layers of the support

assembly. The size, shape, and locations of the grooves may be selected such that the
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may be selected to create a first region of high erosion force sufficient to
activate abrasive conposites, and a second region of |ow erosion force,

wher ei n »dhSWsdosion force is less 30 than the hi ghcgh@siRmbqEace. In
sonme enbodi nents, grooves may be placed in one or nore |layers of the support

assenbly. The size, shape, and | ocations of the grooves may be sel ected such
that the -21 WO 2005/016596 PCT/.1152004/0204 roogyes .pr ce first
regi on ofgr?l?vﬁﬁ pé?((%lgf (E)lnt%%"!T orreeleonaog}léh gleocsz%ﬁ(fg Ifcéag%%gna %TCOP%W%(?DO?SQE%W 8 ge,
wher ei n tfigehivBéreRr 86 hith drodi6e frée BUhfficid®Nd atiov e theVidiBiveh@nilokiasi and
conposites and the low erosion force is |less than the high erosion force.
In sone dhbisw eresios forge isilefs dhan the Brghferqsian foEg: ons of hi gh erosion forces

and/or a5 Pyt all L0l SSEONGI L AR) BPAPleol WL HAS P PLERS oIRY, be f or med.

The size, shape, oca I TSt and second regions ray be

variged prfdwialghfisbaind ré8oll @fow easicorced i be d6enal fTfteGiANthabe aadt i vate the
abrasi ve conposites and the | ow erosion forces are |l ess than the high

erosi on flegatiens of the Ssvrend psoad rrgians mays varied PoYyidegitbaidhe hishsta5ia® t he
plurality. of firsit.regions. are substantially th ane, .| e enbodi nent s,
Phe or os, a1 0 B ER DRk Tt PR AN eten P B PR oo o P B

di f f er enttharl the IR SHROHIFBRN TS sohd@nbRIMSHONhE BfosRA foReSRCACKRDS thee plurality
of second rrggl ons are substanti al Ljiythe sane. In some enbodi nents, the

erosi on frovwiaby afdirggegions are Rebspintiply theyawe. bewomrkemeqlionstsdhecrogionf erent. | n

SO enbodi nent s,, at..l east,.t first reagions of high erosion force are used,
15 Whor e trEn b BF TNy ] o b IR A, ISR gl on o

| ow er osi @kibiPfc&s in bAAhSP MR HARANE] JTRBEHd rEfiBndaPp shisst4tiaRy &e seh@n 6 mm (f or
exanpl e, greater than 19 nun, or greater than 30 nmm or greater than 55

m) . The @sweamilofiments thegirpgion fecesap parhof shesplptsiiyy efrigcenvecegioneaeabr asi ve
article, clﬁﬁfnrebte used in nodifying the surface of a substrate. Sone net hods
of using &€ xed abrasive 20 articles are apparent fromthe description

above, but al 5@ sb@kahi®olitndnlieatTodse tvePBBt fdgtons ©X Alhl essidisfore drowsed, The
substrate may be any substrate that can be nodified, for example, abraded,
pol il8 hed, whprein et figst waions aEedepiralsd be 8RB 6ORPHINE 8degitis PHGWLIPs IR EPTehr asi ve

article. {n ﬁl%ﬁlboﬁﬁ%%i HE’E%@&S ﬁ@&eﬁﬂi?ﬁ%%?fo%% rﬁﬁle?‘o%ﬁ&%a {9hsxgPl e, a
silicon, gaP rum-arseni de, rmani-um or sappahl & Sat er. 1n some
enbodi mendrSatert then S0BS, lbakfeaBhal&s5gh@ags. | n sone enbodi ments, processes
i nvol ve the nodification of a surface of a seni conductor

The assembly, including the support assembly and the fixed abrasive article, can be
used in modifying the surface of a substrate. Some methods of using the fixed abrasive

20 articles are apparent from the description above, but also relate to the more specific
examples as follows.

The substrate may be any substrate that can be modified, for example, abraded,
polished, ground, planarized or otherwise modified, using a fixed abrasive article. In some
embodiments, the substrate may be a wafer, for example, a silicon, gallium arsenide,

25 germanium, or sapphire wafer. In some embodiments, the substrate may be glass. In
some embodiments, processes involve the modification of a surface of a semiconductor
substrate. In some embodiments, processing may incorporate methods of chemical
mechanical polishing.

A semiconductor substrate can comprise a microelectronic device such as a

30 semiconductor wafer. A semiconductor wafer may comprise either a substantially pure

surface or a surface processed with a coating or another material. Specifically, a

semiconductor wafer may be in the form of a blank wafer (that is, a wafer prior to



substrate. In sone enbodi nents, processing may incorporate nethods of

‘chem cal nechanical polishing. A sem conductor substrate can conprise a

- m croel ect 4@Hpesfe¥sce such as a 30 sem conduct or waf er .pcAvigeiu®angsict or
.wafer may conprise either a substantially pure surface or a surface

pr ocessed with a coating or another material. Specifically, a sem conductor

war er foc l=:£b i Gorf ﬂye”gﬁ’x%oé’e bk alineal o?hox(agﬂﬁﬁl khurs WRIHE 'és Qﬁét!ﬁhzécp alP

2005/01659 PCT Us2004 15 "procesSsi r the purpose of di ng

t opogr aphi mhlafnagtawae)sommhcasednwafat (thzzeel aamafer afisut }atsrhagl aubw@d torona or
processed wafer (that is, fer aft f has bee J’Eect‘eﬁg to.one or

nor e proce§%‘]“ﬁg§’1 S ﬂfipada ﬁB@‘P%ﬁfﬁ\ ‘E?al CRPES | JP B (Tt (RSP e ﬁrtF’ar‘&e)
The term * o@@s%é@%fé{‘ﬁfn?c'iude's NGl YR Shot Birfitelat tol sblﬁrgéedwerseﬁl mch ‘i émhet
wafers in ich the entire 5 exposed surface of the wafer is nmade of the
sane rfat er iezposed eurfaxaﬁphewa&r I:q mode of ﬂnzrselm): matédree (for egamplewhiiain dihsidelet hod
can be useful is wher d surface sem conduct fer

i ncl udes oMo eApie Y (rir’r‘s"‘ttha(ah cS"r‘H ahen}]??éu ar‘seé{‘g]eref e é‘kﬁ?f'ﬁﬁ?es“f 26§ |9fcdn

di oxi de- coRl ichh Ak R IM&Q%O& TR L G ucSuhBh il rlr IR GRaBIN &

fixed abrasive article are wel known, and general I'y”incl’ude contacting
a substrat eﬂ]amdda)xfdexc@uitaabngsnevae art| cle wwth a desired pressure and
relative notion, for eggarrgé’ rota ional, linear, random or otherw se

bet ween them | AIKBYAS HaHASU %trrrr SUECRIING & SRPOACKSINE BRI AFLRERd |
the pf(ﬁsen%ﬁt)\gfr fhd YLK né'rginf:lluﬂé g%htﬁc;ﬁf'&”& @ﬁﬁstﬁﬁet {g%x%&'%{a%ﬁ% er@d Wiltea f i xed

abrasive artic IR so odi ménts, the working f i's chosen based
on the pr ordesnterdqses(sﬁmranebraameemonmmﬁmsa}damm, ratatidrad dintax tandem, et athyrvofe, t he
substrate 55’ rovr de the desired surface nodification wthout adversely

af fecting Pt n?’lg the substrate. In sone enbodinents, the working fluid

may contribute F]Ra ﬁ@ﬁﬁ?ﬂxf%ms‘ Ehrﬁ@@%d&?ﬁciaﬁ@n%ﬁ Be E&ﬁiuc{eﬂ)iﬁﬂleaﬂ%[%&%b Sf a

article, throug chem cal nechani cal I shing process. For ‘exanple, the
20 chem calwgpahg sfiid ginofon8icO 2vidc cher sulwtletm and s Exebrpomivd drticle held sgue d

react wth Si02. to form rfacelayer f srlrconhdrordes The
mechali cal eglﬁﬂe@é%e SocBtir ¥OUHREh T 567 ISP ased 90 e GRRFELSS: el rrapimple.
hydr oxi de f gb§lh§rrskﬂrff£€etex uk, SQEE @ﬁ*@@éi'snsgrra%e ® hﬁo\oraekthegdé byl dsufb E&Cfﬂ 'y
conpri ses vvat or exanple, 'tap water, distilled water or cfer oni ze
wat er . Geneumilifigation hermlmuﬂ(mdgefsd:lyr dffamtdg prodemsging tti25 substigrbi dat sanewi t h
the abrasive article through em cal chani cal Pol i shin roces§1
embodiments, the working may contribute to processing, in combination with the
{ixed abrasive article, through a chemical mechanical polishing process. For example, the

20 chemical polishing of SiO3 occurs when a basic compound in the liquid reacts with the
Si109 to form a surface layer of silicon hydroxides. The mechanical process occurs when

an abrasive article removes the metal hydroxide from the surface.
In some embodiments, the working fluid typically comprises water, for example,
tap water, distilled water or deionized water. Generally, the working fluid aids processing
25 in combination with the abrasive article through a chemical mechanical polishing process.
During the chemical portion of polishing, the working fluid may react with the outer or
exposed wafer surface. Then during the mechanical portion of processing, the abrasive
article may remove this reaction product.
During the processing of some surfaces, it 1s preferred that the working fluid is an
30 aqueous solution that includes a chemical etchant such as an oxidizing material or agent.
For example, chemical polishing of copper may occur when an oxidizing agent in the

working fluid reacts with the copper to form a surface layer of copper oxides.

-23-



During the chem cal portion of polishing, the working fluid may react with °
the outer or exposed wafer surface. Then during the nechanical portion of
processi REy, »4Rf A0 asive article may renove this reactp@py@hpdelis During
the processing of some surfaces, it is preferred that the working fluid is
an 30 aqueous solution that includes a chem cal etchant such as an
oxi di zi ng ,mater.ial .or agent. . FQr exa e, .chem ol i shing of er my
occur vvhe‘rf‘ldt Flﬂaé\i‘?g&i tﬁ? H’Sgaza?ﬁtﬁrftn etrﬁlgo‘r%}lorp%hﬁawgfll 5&%{&] e iest W W“f%g&gsbpper
to form aisthe hagient ayRy of copper oxides. WO 2005/016596 PCT/ US2004/ 020415
Alternatively, the netal may first be renpved nechanically and then react
with ingredi enlissompgembedipenti thy Working fluidcopbies enefydnore sPBIPIeRHE 486PKI ng
fluid conggln 1 oF sQltani® rcgmﬁﬁgﬁl' aelid {AaRGE %ncaHEé( ARG Qs énp&%' ffium

conpl exi ng-agent s iPhCl Ude” A KAl Pne armbnr a SUCh as amyohi um =5 yarOX|de

Wi t h 5anTo Ry diokab vath 4emamdmodterdeadiaithd Mngabti6masalls atltliddiyes, armominum
carbonate, ferric nitrate, and conbinations thereof. In sonme enbodi nents,

t he conpl expprptadaine nifaje. iad gombiedensitagreciconpl exi ng  agent such as, for

exanpl e, amonia, amnes,.. halides eudohal i des, . carboxyl at es, hi.ol at es,
tri et hanol anih%§m%%5mﬁﬂgnpﬂbe.c“%mﬁgﬁgn%ﬁ%%ﬁf%éh?%?j?%gmg§%§f8§5%3“§gent
may 10 beageniubh dentiat %xﬁﬁllﬁm.' it 298 e s Usdlides pRudenBaR, Gartithlddent at e

conpl exi ng agents, typically nultidentate amnes, and nultidentate
car boxyl i éhigleiegigriethanad amiteeiand Bwlitks. In pome empodmisnidi the sewpleginigtaghtenay

mul tj dentate am.nes_include. et hyl enedi am ne et hyl.ene- triamne

T elthy T oAt MRS CpPE S iRt ROrG s b Fapdte s bR 7S ¢ abl e
nul ti dent affcafiareMbtse amhidlss, and/ RilHORAE Sedk§lié REYdadek thdif sl din
tartaric acid, oxalic 15 acid, gluconic acid, nitriloacetic acid, or

conbi nat i 6¢rge tedodsents, puddne r@%ﬂd@itmr@yye& Helude orthylesadirgnisgediethytepebe an
am no aci ds_such .a for exanple yci-ne, . lLysin L-proline and nmon
el vt cal REE ARy g ERTERE, of ol A YL n St B bR R <

and its nuiBfddtt@oabegdic 4didsS MoreeRHNaleiidudd higovasiki pgtafit Weld, BRYlicont ai n
an %ani ¢ conpound havi_ng[P 20 both a carboxylic acid functional group and a
sec f uBeitli grednigradmisiraseieerid.ragrmiaHers Bagohaln wes. cmbedynenass, the

enbodi nent

h ' d i of i f
organi o coupbiinie a0y BOHRRUR0 RS G SRRk SyReusrtdhe’s ©

second fuagd icemalondmabificsetiebiiag deamsath e FraNd cihdlend@smireft SO B8c acid
enbodi nents, the second functional group is in the al pha position relative

to the _caﬂ%i&ynur@era@ﬁ #hajogsf unctional group. In sone enbodiments, am no
aci ds, includi ﬂ{JSontieoém’t%(ﬁ%erltg,’thg Lv%ﬂgﬁg fluid may contain an organic compound having

20 both a carboxylic acid functional group and a second functional group selected from

amines and halides. In some embodiments, the organic compound may comprise one or
more of a variety of organic compounds having both a carboxylic acid functional group
and a second functional group selected from amines and halides. In some embodiments,
the second functional group is in the alpha position relative to the carboxylic acid
25 functional group. In some embodiments, amino acids, including, for example, alpha-
amino acids (for example, L-proline, glycine, alanine, arginine, and lysine), may be used.
In some embodiments, the concentration of the organic compound in the working fluid is
greater than about 0.1% by weight (for example, greater than about 0.5% by weight). In
some embodiments, the concentration of the organic compound in the working fluid is less
30 than about 20% by weight (for example, less than about 10% by weight).
In some embodiments, the working fluid contains oxidizing and/or bleaching

agents such as, for example, transition metal complexes such as ferricyanide, ammonium
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am no acids (for exanple, L-proline, glycine, alanine, arginine, and
“lysine), may be used. |In sone enbodi nents, the concentration of the organic
- conmpound iWob&metdki ng fluid is greater than about 0. 1¥ebxswmiughinfor
. exanple, greater than about 0.5%by weight). In sonme enbodinents, the
concentration of the organic conmpound in the working fluid is less 30 than
about 20% e o S : Ul rhO3 i I me
enbodi ment ls?%hl}té\%ﬁfm%‘r %n%onﬁiﬁi lgo%trgtlﬁhg&ggirhl zig’ng agl(@%%l fétl)}?gac ?aﬁeg Cﬂglggnt S
such as, f oitraexanpicepxalatdrRapric glncormite cugringiyexas, cipab tagatk eand thy Bké. de,
ammoni um  -24 WO 2005/ 016596 PCT/US211114/ 11211415 ferric EDTA anmmoni um
ferric citrate, 1 &0 empdiments. thenrApReRirtFRof ithe epmplaxiag agemirip dhe ¥ofking
-cupric oxalgts; 1 | TP bE wil E FRAL i te d the
like. In s??re 1eSt onglhé%?ét%?ﬁgtdg%ur%cent rgti ogn g? t%eml“gg’%llga%{ %&gggﬁ%?ﬂ t he
wor ki 59 f lwelight) 3n torpé embbdingnrathercotidemmraadoof the cOhplekinyedgght in(the woekiagpl e,
at | east about. Q.02% by 5 weight) In sone enbodi nents, the concentration of
the conpl eXtHbisdgssihan spoph ORIV HGht (fer eramply, dess thanaaboyhtie byousiEY-wéd ght
(for exanpl - ‘:’1:9@51 i40%. 0 : - odinent s,
conpl exi ngs%ghﬁgéﬁa}r@ﬁgé C n‘%}?lﬁgg"%\nxst%&%g?éﬁ?hgﬁ gggﬁt%s g“’ep “of the
l'iquid nmedi um naYe aHf efcthe piguidanedimpenapniied: pesainenteddndas edeti@bbasetl hpomat ur e
of the wafer surface being planarized, includi E&l t he chem cal corT_Posi tion
and 10 t opsgrasyRy! dhe WalST Wafe beines plaarizpdy 18NS Moslicmist] COMPAFHian andmay be
added,fo th ' It ont rol e i ] 1 e es
fromdani nor ' |0\I§ﬁa{‘D F%nqgftfr]%%ag?i%é%bgi/atlgrsoglgdg or dgﬁ%}tgém{:egg %dﬁgﬁeea%dgpqﬁ e
dei oni zed watlehg diepkrdésigod thet pi¢ asdukGemitigaie [0 rRagBb debinivatiter, dilufien i er
may i nclude anmoni um ion buffer systens based on the follow ng protolytes,
all of whi éWshydter ard/prehiderepefelngharlyod iceteiamzed waterflgpanding op diegourrs. In
glutam c agi hWShi dine { iyl Nl t.hi | i ne,
- proli ne. Sty clibBliithiEsne YRR dnay L il i R FYRM OB SRR U2 )
surface coffibiaiwisg pestalytedxllef wiioh haxanplest sid pKarprelitaxihde)7: dspativacidi ng
fluid may be an aqueous nedi um having a pH greater than about 5 (for
examplde, gieBEUBE hdnhighdine Bsingr AEFERE-cPINtAER, SKHEtiRS.1DTONRE, doRElpe, and
enbodi nment %amBQEe pH is greater than about 10.5. In sonme enbodinments, the pH
is less than "about 14.0 (for exanple, less than about 12.5). In sone
enbodi ment s, t hén pdinéreybbénedisysiredatyle] whtndhe g afen @udicenioherinshiyielaDaclide
conpounds such as, for example, potassi um hydroxide, sodi um hydroxide,
ammoni um hy§F X, 3199m; AfriAGd XY AEINEHihBEY b AIResss deediwg hay g2 pH
hydr oxi de, greater than about 5 (for example, greater than about 6, or greater than about 10. In some
20 embodiments, the pH 1s greater than about 10.5. In some embediments, the pH is less than

about 14.0 (for example, less than about 12.5),

In some embodiments, the pH may be adjusted by including one or more
hydroxide compounds such as, for example, potasstum hydroxide, sodium hydroxide,

ammonium hydroxide, lithinm hydroxide, magnesium hydroxide, calcium hydroxide,

12
h

barium hydroxide, and basic compounds such as amines and the like, in the working fluid.
In some embodiments, the working fluid may contain additives such as surfactants,
wetting agents, rust inhibitors, lubricants, soaps, and the like. These additives are chosen
to piovide the desired benefit without damaging the underlying semiconductor wafer
surface. A lubricant, for example, may be included in the working fluid for the purpose of
30 reducing friction between the abrasive article and the semiconductor wafer surface during

planarization.



25 barium hydroxi de, and basi c conpounds such as amnes and the like, in theé
working fluid. In sone enbodinents, the working fluid nay contain additives

such as s f3, Wetting agents, rust inhibitors, bghriss@ibhsisS0aps,
and the I#kbfeﬁﬁ“fﬂgse additives are chosen to provide the Ees?r ed benefit

wi t hout damagi ng the underlying sem conductor wafer surface. A |ubricant,

for example, Moy, bRALULRL D INE 08 KbROIIL U0 LRLANE P BR3E.08 430

reducing friction be Brasive ar em Co Por dhaf er
surface dukebirg, fcﬂleamplezatstmi&ondtﬂzﬁar\hﬂfa%Eyﬁw@@eﬁﬁ/ubﬁél;ik@ceﬁuieg kdoWd 1 5
After nodification of a substrate is conplete, the substrate can be
processed i ghessi red, for exanpl e, a sem conductor wafer is typically

cl eaned using pgQc ﬂ ﬁ% F}%@H’R Huf ntogq El{lﬂ ghﬁrq{lﬁg L&Ql\gléagves{%e?lh{s{r&e dfut

non-limting, exanple Setve to il us‘frate I'nvention. I'n these
exanpd es, iavdntiper cBntizgeexangiepaiiil pelyenwgeghte paltedy abizhr Wnkes olirgwisat ed.
EXAMPLES 1 n Exanple 1, seven TEGS wafers (conventional “bl anket waf ers) were
pol i shed dndicged.OBSI DI AN FLATLAND 501, 200 nillineter polishing tool

(avail able from Applied 10 Materials, located in Santa Clara, California).
The waf er E@g{&gﬁjﬂﬁg was 600 nm s. Each waf er was polished for 60 seconds
with a wafer pressure (that is, applied normal force) of 20.6 kPa (3 psi).
A wor ki ng fl uidn @mmpkth m@/eofrﬁmﬁ onfezetonwadneionaladdankst ediei veerppblished 6n 5

o oot SR8 086 2 R ey T SRRl
wor kigmg fl 1 m s the
il | ot aabh ot S e el R S a i S o

(avai | abl e»dfexoma’i;wmshe.«bm é@péaoﬁd% tvithtahweafpt mieesnre The is, sapblatineonpfaresddf a
rigid subsgr nd._a resilient substrate, The rjgid substrate was

mm (60 mi 147 Sk Bk W&Fklb%%v@a‘r%éﬁ%\%d eFH‘émF?éls%F“i% jusisgdp patho (Ng%g a 2 29
nm (90 m | r cj | LRRRY §0§§I‘5}Q{

nmodi fi ed b\%/lﬂg %54;.“?1‘15}‘ ‘??%de g 9%%%, %1%1 \1}\} {)ife@mul%-&yg%@rmm t%gudak T{ tape
(3M VI NYL afé&iREasddcheribadainl hIl:ﬂ eP'ftr Dim 8MpP4.3tl 6, tvhe uscﬂ ha(aewoﬂqmgﬂcﬂusl.lbﬂmcﬂmst hat

art i L. TRemtls oo e ey Heapaadst hvrafierafy pato, il ¢ gapE
bet ween addggigtent strips of tape was 50 nun). The pieces of tape were applied
A standard subpad, M6900 (available from 3M), was applied to the platen. The
subpad comprised a rigid substrate and a resilient substrate. The rigid substrate was a 1.52
mm (60 mil) thick layer of polycarbonate. The resilient substrate was a2.29 mm (90 mil)
20 thick layer of closed-cell foam. This support assembly was modified by applying strips of
25.4 mm wide by 0.013 mm thick vinyl tape (3M VINYL TAPE 471, available from 3M)
to the surface of the subpad, that is, the tape was positioned between the rigid layer and the
fixed abrasive article. The strips of tape were spaced 50 mm apart (that is, the gap
between adjacent strips of tape was 50 mm). The picces of tape were applied
25 perpendicular to the direction that the abrasive article was indexed.
The fixed abrasive article was M3152 (available from 3M). Prior to polishing any
wafers, the fixed abrasive article was advanced to a section of the abrasive article that had
not previously been used. The fixed abrasive article was indexed 6.35 min (0.25 inch)
after each wafer was polished.
30 All wafers were rinsed in deionized water after polishing and then dried with a
simple spin drier. Film thickness measurements were made using an OPTIPROBE 2600

(available from Therma-Wave, Inc., located in Fremont, California) for each wafer before
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25 perpendicular to the direction that the abrasive article was indexed. The
fi xed abrasive article was M3152 (available from3M. Prior to polishing any

waf ers, thgoflsHsRhrasive article was advanced to a sechirpmsffpshngiAbrasi ve
~article that had not previously been used. The fixed abrasive article was

i ndexed 6.35 ntn (0.25 inch) after each wafer was polished. 30 Al wafers

pi n drf or EAREEPARER. G AL B4 M BB ER) BAl T B ke o0

(avai | abl e afteopoliEhigg @awid¥diey the polishihodated in Frenont, California) for each
waf er before -26_WO 2005/016596 PCT/ U S2004/024141 5 and_after polishing.
Cut rate was detRFEFUABE bying F5@P sikes warernolighadnisingge sraseduse of Exemplstls er

pol i shi ng g?‘%égg?ﬁépﬁé’stm%fﬁﬂlé&ggﬂ’@%%f%“ i}!’)‘iﬁlt.Exanpl e 2, nine TECS wafers were

polished u roce except the strips of tape were
spaced 76 rum apaComparatine Eanmpledl i, wie PEOP hafedd werl polistddQsingahe psocedire
polished using the procedure of Exanple 1, except the support assenbly was
unmodi fi edof thamples], s¥sentdbe sarnoripasseably wasy wwé?ﬁ% thi{dS.slifhiane SUHs Feid y .

I n Exanpl e T re polished using the procedure of Exanple
1, except p???%@ﬁr“?%@%&%%@"%re 19 mm wi de (3M VI NYL TAPE 471, avail abl e

from3M 10 andn BRaepiacadTESSNmMfaRavdre pdlished uking tnﬂ—bl@f:ectdﬂ@omk:lﬁh%ﬂlg 1fluid
was adjusted to 11.2 and the am no acid was not included. In Exanple 4, ten

TECS waf er §X¢0df ehepBlips P seig 19 mem pride 6 CINYL Bédip el awvailabye Epir e
i f : : : f,
ool 1 ohea uefESeERCARRERS B, Mo WRRRhor L ESATR Ay et Bl 1T08hG T

strip of tapeaias at@rmasamdt inthidedr esul ted in groups of three pieces of tape
spaced 6.4 mmapart, with a ’Ea of 31.8 nm between groups. In Exanple 6, ten
TECS waf ers wer én Fapmalset tepsi Eg‘stmﬁelﬁr%@aahﬁleéﬂlsegéhﬁop@cgi,me ek Espuple Be

strips of t.ape, res’%%})sspoqg%%r\géef%géggﬁ%]tnémﬁagxanpl e 7, nine TECS wafers were

pol i shed usih roce 0 20 except two adj acent strips

out of each groupEbmbRLE, i&t TEPS Wt waepykthed Thing theproktédde bNExghplups of
two pieces of tape spaced 6.4 nmapart, wth a gap of 57 mm between groups.
I n Exhhpl e e8cept &t Tros (olthestap werge pop rappgdudinrgeniied i sveBplethsr riseasmpl e

3, except JlgShideRS Lhni AR, WRHE APIESHs hitn TR Ghoups.
In Example 6, ten TEOS wafers were polished using the procedure of Example 3,
except the strips of tape were spaced 57 mm apart.
In Example 7, nine TEOS wafers were polished using the procedure of Example 4,
20 except two adjacent strips out of each group of four strips were removed. This resulted in
groups of two pieces of tape spaced 6.4 mm apart, with a gap of 57 mm between groups.
In Example 8, ten TEOS wafers were polished using the procedure of Example 3,
except the strips of tape were spaced 19 mm apart.
In Comparative Example C2, eleven TEOS wafers were polished using the
25 procedure of Example 3, except that the support assembly was unmodified, that is, no tape
strips were present in the support assembly.
The average and standard deviation (Std. Dev.) for the cut rate obtained in

Examples 1-8 and Comparative Examples C1 and C2 are shown in Table 1.
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"The cnt rate was higher when the multidentate amino acid complexing agent was

the working fluid.

In Example 9, ten TEOS wafers were polished using the procedure of Example 6.

In Comparative Example C3, eleven TEOS wafers were polished using the

procedure of Example 9, except the support assembly was unmodified. that is, no tape

strips were present in the support assembly.

In Example 10, ten TEOS wafers were polished using the procedure of Example 9,

except fixed abrasive article SWR528-125/10 (available from 3M) was used.

In Comparative Example C4, twenty TEOS wafers were polished using the

procedure of Example 10, except the support assembly was unmodified, that is, no tape

strips were present in the support assembly.

In Example 11, ten TEOS wafers were polished using the procedure of Example 9,

except fixed abrasive article SWR540-125/10 (available from 3M) was used.

In Comparative Example C5, ten TEOS wafers were polished using the procedure

of Example 11, except the support assembly was unmodified that is, no tape strips were

the support assembly.

The average and standard deviation (Std. Dev.) for the cut rate obtained in

present in
5
10
15
present in
20
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In Conparative Exanple C5, ten TECS wafers were polished using the procedure
of Exanple 11, except the support assenbly was unnodified that is, no tape

- strips wergo Rieses i n the support assenbly. The aver agecang2standay d
.deviation (Std. Dev.) for the cut rate obtained in 20 Exanples 9-11 and
Conpar ati ve Exanples C3-C5 are shown in Table 2. -28 WD 2095/ 016596

PCT/ US2004/ 020415 Table 2: Cut Rate (Angstrons/m nute) Exanple No. Average
Std. Dev. 9 1563 58 C3 483 63 10 1742 77 C4 1025 162 11 1986 41 C5 760
88 |In Exabie 22, twenty TECS wafers were polished according to the
procedure of 5 Exanple 3. |In Examnpte i3, —twenty TECS—wafers—were; pol i shed
according to the procedure of Exanpl e @ Rafecdgsiroias/mampelas poki ti oned
‘between the pl ateh stldent | I'n Exanpl wenty TEOS

waf ers were Bolis1 d%§@b5V%ﬁ§n td the %&%@Edure,n i %ﬂéﬂ? V. ycept t he
tape was positioned betm@ﬁn t he f1igid Iay@w and the re5|53ent | ayer. 10 In
Conparati ve Exanp €6—30—FEES re—potHshet—tustrag—the—py ocedure of
Conpar ative Exanple C2. ®Be average and “8andard flevi at i (Std.{Dev.) for
the cut rate obtafned 1n Exanprbs 12- 4? d Conpg@rative anple] C6 are
shown in Table 3. 15 Tabﬂ% Cu AnasLLons DLant% Exanpl e No.
Average Std. Dev.| 12 1864 138 13 13031669 14 1bP71 26Q¢206 929 181

11 1986 41
C5 760 88

In Example 12, twenty TEOS wafers were polished according to the procedure of
5 Example 3. -

In Example 13, twenty TEOS wafers were polished according to the procedure of
Example 3, except the tape was positioned between the platen and the resilient layer.

In Example 14, twenty TEOS wafers were polished according to the procedure of
Example 3, excépt the tape was positioned between the rigid layer and the resilient layer.

10 In Comparative Example C6, 30 TEOS waifers were polished using the procedure

of Comparative Example C2.

The average and standard deviation (Std. Dev.) for the cut rate obtained in

Examples 12-14 and Comparative Example C6 are shown in Table 3.

15 Table 3:
Cut Rate (Angstroms/minute)
Example No. Average Std. Dev.
12 1864 138
13 1303 169
14 | 1271 260
C6 928 181

In Comparative Example C7, five TEOS wafers were polished using the procedure

of Comparative Example C3, except the wafer pressure (that is, applied normal force) was
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I n Conparative Exanple C7, five TECS wafers were polished using the
procedure of Conparative Exanple C3, except the wafer pressure (that is,
appl i ed n@lg®Bhsdigike) Was -29 WO 20115/ 016596 PCT/ US2084rRé9%hia2039s kPa (5
psi). The average cut rate was 904 angstrons/mnute with a standard
deviation of 77. In Conparative Exanple C3, five TECS wafers were polished
using the asedur. f Conparative F&ﬁﬂp e C6. ex .t he .sup t .assenbly
was nndifiéﬁ' éég#§ﬁ|3ﬁgéyﬂg5%m§é8§ﬁ”S|ayé#%%¥°Wﬁﬁﬁﬁﬁgﬁmﬁhﬁﬁ%@#?@ﬁ%%”%@Tmeen
t he subpadfand the fixed abrasive article. The surface of M3152 is covered
with evenly spaced, 200 um di aneter, 40 urn high round osts. The posts

occupi ed ten pdp&empagtive Fxamples QEdrver BEOD Waleis weppsdisherhesing ke Pgecceyie  rat e
was 924 an ! i a vj.atl 42 i

rodi 1 cat | AneoripR et dpalt €. B RNt A Al e Wi 85 10
t hoses ski | degshd 18ydrivg M3 152Wvishsusttiohed detieng td apidiendtegkeantraspt aiticlof this
invention. -30 CLAIMS 1. An apparatus for in situ activation of a

t hr ee- di mehi sypate o1 M3l cavsroe waihtavenly spesap?(sim giamplera 4@ nmeligirenadsi onal
fixed abrasivearticle conprisin n [ askyv urface Q i

surface; ol abSh BebRERLR sPteFbARE SEkS AU HENT, T BORRRL W
surface ofratehgas BUBSES RIS/ hisned) e @ Blanddpe deldras ofetagur face of the fixed
abrasive article; and c) a support assenbly, wherein the opposing surface of
the fixed abrasYareus gpedii¢asions apdjalieanens ﬁéﬂ%yp@ﬁftlo%gf%rbmwe Whparet{o t he
suppoxit assenb IS sel ect.ed create a region of a.high erosjon force at
thor Shr ae; oot BEAH I SufhaR Bal Lo BT oo B ERBHO5 2" T o
erosion force at the abrasive surface of the fixed abrasive article when a
normal force is applied to the substrate, the fixed abrasive article, and

t he support assenbly creating a contact pressure between the first surface
of the substrate and the abrasive surface of the fixed abrasive article,
and a relative notion is created between the first surface of the substrate
and the abrasive surface of the fixed abrasive article, wherein at |east
the high erosion force is sufficient to activate the fixed abrasive

article, and wherein the ow erosion force is |l ess than the high erosion
force.
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2. The apparatus of claiml, wherein the support assenbly conprises a
platen, a resilient layer, and a rigid | ayer and at | east one spacer

i nt erposed between at | east one of: a) the platen and the resilient |ayer;
b) the resilient layer and the rigid layer; and c) the rigid layer and the
fixed abrasive article. 3. The apparatus of claim1l1l, wherein the support
assenbly conprises a platen, a resLAMMS|ayer, and a rigid | ayer, and
optionally one or nore additional |ayers positioned between the platen and
the fixed abrasive article, wherein at | east one of: the platen, the
resilient layer, the rigid |ayer, and any additional |ayer positioned

bet ween t hé. pl aerappardtus tfhe iff stedctidatiasiofe tracidiirensiasal afixedadbirashveyamioldul at ed
t hi ckness, a spatially nodul ated nechanical property, or a conbination

t hereof . -SAMPIFMEThe apparatus of any one of clains 1-3, further conprising
an indexing meghani a$méeeaeﬁﬂ{eﬁg:@nalhﬁxedna%marﬂae%mp?m@gda&aa&%ﬁvé Brface

t hr ee-di nensi ondl fixe abrasive article relative to the support assenbly.
5. The appar at usdai appysiogsartideecl ai ns 1-3, further conprising a working

fluid present t an interface between_.the first surface of the substrate
and the abrasi v® sur¥ SEBUBtE ERPTISING dqfish Sudacse Vhersin ?fgﬁttﬁ Fl‘ifs erein

the working fl ué\.ﬁsﬁﬁmajdgigﬁr%t%e A %ﬁc@&fth@ﬁﬁ@d%rﬁ%ﬁw%i%&?ﬁﬁd optional l'y

wherein the conplexing a I's a nultidentate conplexing agent; a buffer;
and an organi ¢ gonpoaseppoangsérmblyg whetdm shec epvoig| swwfaaeiod theifxed abedsivgr oup

and a second functional g‘égug wher ei r‘t)t_he second functional group is
sel ected from tﬁ@ﬁle&%ﬁlﬁf‘* f ‘?@Pﬁ?@?‘?ﬁ :ly’an‘i nes and halides, optionally
wherein the secopdefhUmelim asSEfbp it Seldded B@reald @F@i&?&f’éhiﬁﬂ_efe@lo%ttb g to

the carboxylic acid functional group. 6. The apparatus of cfaim 5, erein
t he conpl eatithgalagemne surface of det fxtdf aboasivehatige ang a regins iof kiloy eodsionaforgecataci ds

and chel atjng,agents.. 7. e aratus of. claim5, wherein workjng fluid
Conpr 1 seq. R WFIRRICITecsPbUR Do Ber G Gy et GPBLY Dish SPPG oy e
L-proline, o@kygéNGe fREQMAGve AR AE thedRPpdrY 8isBblBereAinfEd BOHadi Preskite i N
situ activation of a three-di nensional fiXxed abrasi've article conprising:
a) provi di begweersbsfirstasuefaco of thes subgtrate fand she ghrmsine eurfise gff the ifked gbrasive
three-di menslonals L1480 3R0ER % rdidd BrfeSOMR HS Q8] o PREAbY e and the
abrasive surface of the fixed abrasive article,
wherein at least the high erosion force is sufficient to activate the fixed abrasive

article, and wherein the low erosion force is less than the high erosion force.

2. The apparatus of claim 1, wherein the support assembly comprises a platen, a
resilient layer, and a rigid layer and at least one spacer interposed between at least one of:
a) the platen and the resilient layer;
b) the resilient layer and the rigid layer; and

c) the rigid layer and the fixed abrasive article.

3. The apparatus of claim 1, wherein the support assembly comprises a platen, a
resilient layer, and a rigid layer, and optionally one or more additional layers positioned
between the platen and the fixed abrasive article, wherein at least one of: the platen, the
resilient layer, the rigid layer, and any additional layer positioned between the platen and
the fixed abrasive article has a spatially modulated thickness, a spatially modulated

mechanical property, or a combination thereof.
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surface and an opposing surface; c) contacting the opposing surface of the
fixed abrasive article with a support assenbly; d) contacting the first
surface of the substrate with a the abrasive surface of the fixed abrasive
article; -32 e) creating a contact pressure between the abrasive surface of
the fixed abrasive article and the first surface of the substrate by
applying a normal force to the substrate, the fixed abrasive article and

t he support assenbly; and f) providing a relative notion between the first
surface of fhe sphstpalguanst ahCoRDLaSiNigsS YT agsimef difrisingedn aRbaahye
article, wherein the applied normal force and the relative notion betWeen
the first smedhagismofwitdienstibsindating andchahismalbdemicese the thtadangsmatle fixad
erosion forge at the abrasive surface of, the fixed abrasive article;

wher ei n, r?g’r%sb‘ﬁ&'ilcie AP $heisupRAT BS¢BRYt 0 create a region of a high
erosion force and a region of a |ow erosion force, wherein at |east the high
erosion force is sufficient to activate the fixed abrasive article, and
wher ei n t hes.| ow Broppamtus of awy érs dfetams hein further tirgprisieg awiodnng Suidegresént The

net hod of claim@8, further .cooprising indexing the fixed.abrasiv rticle
fel ative t g eRENSTASEBFIVER Li i SuERER ok the Substete 0 the abpas i yfacs O
abrasive C%@%bfa@ﬁre affRYE oPﬁ&{HISrm%gfe@gi_ﬁféﬂw&fdnkhﬁliﬁbwﬁpﬁs@ﬁl@iht bRrgre to the

regi on of | ow erosion force. . e method of claim8, further

conpri si ng supplaycargplexing ragemg optiariatly twheagin thecemplezmegbagent éna tindtiddntatt
surface of the substrate and the abrasive surface of the fixed abrasive
article, offfBYEP828%krein the working fluid conprises at |east one of a
conpl exi ng agent,m@ftifmpal |y wherein the conplexing agent is a nultidentate
conpl exi ng agent; a buffer; and an organic conpound conprising both a

car boxyl i ¢ aci d ahurganio geinpousuEoTapTEbing b@tbcfocmbﬁxyﬂictaicah&lncgwa%;g;owdeé n the

second functio roup is selected fro hen Qup .consi stin f. am nes
and_hal | decee g ratioRrlersiip, e fie scEoBh il Bishe i SISt o8 B or pha
posi tion relatisthfy o alhe:saad RNk ] pridGalfly WHEhitROScosd RitBrionkl grolP§s RRRAT at us
of claim 10, wherein the working fluid conprises an organic conpound
sel ect ed f rabphatpesitign selptivede shesaarbogyb¢ acid functipnalgrougt yci ne, al ani ne,
argi nine, and 1|ysine.

6. The apparatus of claim 5, wherein the complexing agent is selected from the group

consisting of: amino acids and chelating agents.

7. The apparatus of claim 5, wherein working fluid comprises an organic compound

selected from the group consisting of: L-proline, glycine, alanine, arginine, and lysine.

8. A method for the in situ activation of a three-dimensional fixed abrasive article
comprising:

a) providing a substrate comprising a first surface;

b) providing a three-dimensional fixed abrasive article comprising an abrasive

surface and an opposing surface;

c) contacting the opposing surface of the fixed abrasive article with a support
assembly;
d) contacting the first surface of the substrate with a the abrasive surface of

the fixed abrasive article;
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e) creating a contact pressure between the abrasive surface of the fixed
abrasive article and the first surface of the substrate by applying a normal force to
the substrate, the fixed abrasive article and the support assembly; and
f) providing a relative motion between the first surface of the substrate and
the abrasive surface of the fixed abrasive article, wherein the applied normal force
and the relative motion between the first surface of the substrate and the abrasive
surface create an erosion force at the abrasive surface of the fixed abrasive article;
wherein, the support assembly is selected to create a region of a high erosion force
and a region of a low eroston force, wherein at least the high erosion force is sufficient to
activate the fixed abrasive article, and wherein the low erosion force is less than the high

erosion force.

9. The method of claim 8, further comprising indexing the fixed abrasive article
relative to the support assembly such that at least a portion of the abrasive composites

move from the region of the high erosion force to the region of the low erosion force.

10.  The method of claim 8, further comprising supplying a working fluid to an
interface between the first surface of the substrate and the abrasive surface of the fixed
abrasive article, optionally wherein the working fluid comprises at least one of:

a complexing agent, optionally wherein the complexing agent is a multidentate
complexing agent;

a buffer; and

an organic compound comprising both a carboxylic acid functional group and a
second functional group, wherein the second functional group is selected from then group
consisting of: amines and halides, optionally wherein the second functional group is in the

alpha posttion relative to the carboxylic acid functional group.
11.  The apparatus of claim 10, wherein the working fluid comprises an organic

compound selected from the group consisting of: L-proline, glycine, alanine, arginine, and

lysine.
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