WD 20091023387PCT/ US2008/ 069396 COMPCSI TI ONS AND METHODS FOR MODI FYI NG A
SURFACE SUI TED FOR SEM CONDUCTOR FABRI CATI ON Background 5Thi s di scl osure
rel ates gwoen@ld2y3sto a net hod of nodifyi ng exposed surf @ceasedoswedses s
suited for sem conductor fabrication and particularly to a nethod of

nodi fyi ng exposed surfaces of structured wafers suited for sem conductor
fabrication usiag@an abrasive article. Duringdinte rated circuit

manuf act ure, seVEBASLEIQNS WEYRMETHOQDS FOR MAPIH X INGUA SERKFAGE cati on

typically undergo nu i | i osition,
patterning, and etchSEEPgﬁéﬁéﬁgﬁéﬁ2¢g@ﬁgﬁeﬁﬁg§ggkéﬂgpggﬂﬁging steps for
sem conduct or wafers are reported by Tonshoff et al., "Abrasive Machi ning
of Silicon", published in the Annals of the International Institution for
Producti on Engi neering Research, (\Badkgrowml 211990), pp. 621-635. In each
man_ug acturi ng st eRisclobureSref etsenen%rsaﬂectgsas Al¥ho rofd lt%%lciljrfal%l eexég eﬁns(%frffa esogf%
refine an exposed SUrPaEce S the War er G neordetr 16 p¥e%ar The “Warer ' or
subsequenyaft@iuite@tfbo Berlicoftidt Aabridatiod aatigRsticularly to Fhcth¥@BP @ diBideer a
deposition step, the deposited material or |ayer on a wafer surface
gener al | yexpewdssurfacehef shustes waferbetded fad dPmiconducteie fosicetigpn ugipg an
subsequeq%zgggggéagng occurs. In another exanple, after an etching step,
there is ‘often a need to 20 deposit either, or both, conducting or
i nsul ati ng mat@dmd Sidtéprhtdyerdrcon thsndiahed senhfcatductdreagaets auvef em A
specific exanple of this process is used in nmetal Damascene processes.
I n the Danprcoadectpr debidention papicady nunderge cHEBCTPHY PrAGPSHRE dEeRl, einsbidinge
| ayer. Af . hj .0pt | i.on/ L e er 0§ ver
tho-ent 1 PRy miR, b St B RS PR, S B By B SR T T
adhesi on/dmidongiictbayefess arthepstefdosy Teckhoet @lall, ayxérasive Mbehininp dif Silésdn”,
refined or finished by rennviq t he ited netal apd regions of th
- A - o

adhesi onlm&kshedr i 4Rce Ansg 3¢yl {ONSHIUtG OUGRUEION FAZINGEHINY | g
renmoved t S e «f .1he > l.ses: b nmet a
and an 0%&:5Q~ﬂeﬁggwggéﬁ%%§g$§a S' y¥%§§Vi@®f%#l?%ﬁ?%ﬁ?@@%g&?a er @%r ace
woulsl r euratssarysarbddsanble ab Inyodifyaoarefi@ anseNpoagkswtdch ofehalwatarinesdenti ng to
the etched pattern and dielectric material adjacent to the netal. The

met al (s) PARRRQeaefen for alsequentigbesationog angBstewesierthe nodi fied surface

i fferent har dubesmpg! a8 (ShriGhERrr B3P dusd dRHGE) i bl o A, 26
article waefdcd gemmaliyf yieadswhirer praxdssigd bbford laddiDan®sdsositiph agesdsequsht be

carefully designed so as to sinultaneously nodify the materials w thout
scrat chi MeERENE PeFYse I8¢ an@rheﬁ@ﬁarﬁakeﬁﬁﬁl an g{eningeyten.ttheredp rofsnvie nggd focl e

b . t tj .out:
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di el ectriaxcasadfeni whfer. A specific example of this process is used in metal Damascene

processes.
In the Damascene process, a pattern is etched into an oxide dielectric layer. After
etching, optional adhesion/barrier layers are deposited over the entire surface and then a
25 metal is deposited over or on top of the adhesion/barrier layers. The deposited metal layer
is then modified, refined or finished by removing the deposited metal and regions of the
adhesion/barrier layer on the surface. Typically, enough surface metal is removed so that
the outer exposed surface of the wafer comprises both metal and an oxide dielectric
material. A top view of the exposed wafer surface would reveal a substantially planar
30 surface with metal corresponding to the etched pattern and dielectric material adjacent to
the metal. The metal(s) and oxide dielectric material(s) located on the modified surface of

the wafer inherently have different physical characteristics, such as different hardness
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Such a process of nodifying the deposited netal |ayer until the oxide
dielectric material is exposed on the wafer outer surface |eaves little
mar gi n f owoenssn3isecause of the subm cron di nensi ons of pCnascwsabsbeat ur es
| ocated on the wafer surface. It is clear that the renoval rate of the
deposited netal nust be fast to m nimze manufacturing costs. 10 Further,
nmetal renoval from areas which were not etched nust be conplete. Stil
further, valtcal Aeplpsivagrticls esed He anadilyas wefes tbreshiced By e Demasicse peacessar eas
or zones._Yet, furt he remaini met al nust be ntinuous. W t hin an
arcacor 78R b il 5SS Boftudd: B Ry RBAEY rro Rl MO

nodi fi catgefchpi® BRSsurfids of Rethehdagiial. FaRhéQthedbraging aFeE SElidEbbladlod a
submi cron scale. 15Furthernore, as a nmethod for isolating elenents of a
seni condufEeadt a delstandially plgpanguteressipossid satfeenen awvafidayegantdxpossd arcadifriect ed
towag ds 4 shal Loy £r.ena ), Sl akiieni( STL) process where a silicon nitride

| ayer i s Torned on 5114 €on %subst r'a e, shallow trenches arc forned via
etching or ph@wehid pRgsRTYmodindn@ tith &pesitdd feladYBfer uatiderRasiidedictdtrid | |
the trenches. Due to variation in the depth of trenches, or lines, forned
in this ra#peslis pxpased op the Wt auteiswiee soases/little npapio Spr cragr hegeuss of die

i et ect ! GRS lthorbol 88 uR P ARHRSE [8h4 bR FOSHRE GATRL ok & bk g0 O
all trenches. 6> excess di electt e matert al e.g., an OX|8e) I's then
t ypi cal | yh¢ esrayed rivg of BbeRkpesated TRhiamusabe st fahiidiatizomhapliRe®Siag ldsteXpose
the silicon nitride layer. In order to achieve a highly planar surface, the
hei §ht ofFurther, mpatalirgmoyalyferm aregs thichrsergingt pighed: @H@fﬂ)egpnmﬁt@e Stiywithershoul d
be subst ' . the. s - [ e size
cel oot viil RetishiEin ARy R EHAL b tiBPls AUAGLLER BEIRERT o RufEERAS 20
Thus, t haesulnigometal inubtde: doayiatiolRasitise hy @ttaas zans to@BuIprbpyraonditivitg. t he
chem cal - mechani cal pl anarizati on process, as the overall polishing rate
has decr dasBertupemesal ppadifigation progess muptchsnumform; gentrodlpd, andzgpwdpesictanons
and neth rizing or polishing the surface of a substrate are

wel | kno&ﬂ&?ﬁg%ﬂgggg?.Cne conventional nethod of nodifying or refining
expbvsed surf adasthofmovaf Srasmetipl dytsissretinpoelsmtinabf b s@aicoadwadrateviRyy £ geet Wi t h
a slurry containing a WO 20091023387PCT/ US2008/ 069396 plurality of |oose
abr asi ve sat of iatertion Birerecarfly feen dirgeled towrgigs cahalophirgndy fpfalion (SAbhI i ed
to a pol imbiadyhad AlfodGIR B or SURIARE oh%: GRGH ABAKRS RAIAPYERIRIEHNS!
the pad i'n order to renove or {hke 0 material on the water surface.

Gener al | yforrhdie vial erchivg adrsghataithegraghyagadt s didhdctdic ¢dyemicdbpositedaetfilivtich t he
waf er surface. This type.of process is commonly 5referred Lo as a . .

cheni cal -tHRBeRnPYg o yRERIRT Pathp slsp yenshese Q& gines, formeddgdhis myst it h ovP
sl usgi es, i p S : -af 1 Y i i
e R S A S L S S B N PGS R
t he ness aaswocbapktk filling of elbsenefesasi ve sl urries. Another problemis that

the slurries nerate g.l arge nunper of particles which mist be repoved
fromthe surfgﬁhﬁ BYCCEhiclaefn (Bri2s s 8HIBK 1t mePoWﬁgHM?@Pvetdr gg_tanem.
Handl i ng gpdi di 3REEAcPhidhbESR ﬁ'ﬁ?éegseﬁ) BEL A& RH YR Mler PHPERESINY
costs for the sem conductor wafe apri cator. An alternative to CVWP
sl urry metkcheds ausgldy gpamabsafaoee ther idighteo fttbe modid Yayor amdefienemaisegrirendhduct or

surface. This alternatjve rocess is reported in |Interpatjonal
pk cati wyemwvﬁdlﬁaéggﬁﬁﬁ@ﬁwsﬁs§awr c %?{aﬂzggﬂﬁt?rﬁ%t}%%ér Pesg to _
abraS'Ve<ﬁﬁIhﬁ&@sé%ﬁﬂ%§i%rB%ﬁ%?Bﬁgnﬁgh@&kﬁQmﬁEHB%ﬂﬁoﬂ@ﬁﬁﬁe?PﬁﬁﬁﬂfSﬁﬁ@fas'Ve

particles dispersed ina binde In Use, the abrasive article 1s contacted

wi t h a sehe corducttode uafoerhas sefvad @s aoftbpmng hayteh @upng sken cleenaifalanédhandalor
liquid, with a nmotion adapted to di.fy a single | ayer of material .on the
wafer andPREHIR BoSeDs i A1y BPLHERE niRy ARTREFS HPen/RRewE P dhtof  an
abr asi ve @icohini@ideYRLEomes a significant number of problems associated with
CWP slurries. 20 Enbodi nents of the present disclosure exploit the

adv3ht ages af fGmlpwhitions use nofthedsrias plapamaing of eslishongrthdi suyfasainf acelsstfe
sem conduct or fers in ord di fferent naterkﬁls,
g

t t | t.t
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surfaces of wafers employs methods that treat a wafer surface with a slurry containing a
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25Summary Thi s disclosure pertains to nethods of nodifying or
refining the surface of a wafer suited for sem conductor fabrication. For
exanpl e, woaeo@xespary nmet hod may be used to nodify a waCerusbasiosspoa fir st
mat erial having a surface etched to forma pattern or a design and a second
mat eri al depl oyed over the surface of the first material. A first step of
30 this nethod conprises contacting the second material of the wafer to a
pl ur al i t yleslityhefdeossi ahsrrsycopraticlap diapirsed monpasilt dypidalledhis sluary abpplsidve

of - abr asi‘be Tt AERE TR Ra0 ke TBRES o BB RRY oo SO MRS R Bl ood 1 Y
2009102338 1Had(dIS2 N8 /080 H3RGiabbm ey wafdr SEENRI GéRipaliys thieslatry \uioycomaasng t he
waf er while the second mater al is in contact with the plurality of

abr asi ve agenpadiietechanneally repet wiltpwerafeusirtice. dhisttiyee php@eeisys sepswatt i al |y
bl anar_ande QD 1525 Mich SA8h, 008 ALER Rl RIBEd LSt material and one
area of exposed second natertial. Fhe“sétond natdr rari s typically a netal
however the seag@nprobloMatethi @MATByirhs, Bowevtr efsnagh dt promse it beweRfids an
adhesi on/ barrier layer, or a conbination of a netal and an adhesion/barrier
| ayer. THeomifored imerder foadchioyetaysistred mpfey stifaceoppgiepimat érsespnd migbleablse

| nt er medi gl ¢, MRGEGALS RinARESLAnGBALLIEL, | AXShs, RGIUAG, TEhahs wuasldes,
nitrides, and silicrdes. Some particulfarly suita | 89t erhedi ate mat eri al s
or adhesignathard lagfc dumytRs of par€ikled &vhicnhadt bdrethbi@nfrormithd @utfaat oMmhividafede,
titaniumnitride, and 10silicon nitride. n angt her exenpl ary .net hod

|
of Hbdi f yindgdisprsed it odewate wafpar weatmanty | Hepdling padtdisnesd aef thepe whirdes al

may be de 2 : dielectric
mater al T oS sl B FHEOE B Bl SHiCoRiR PR ARERERRE, C' Do 1
material. A fiksultahapeadb ONP sluftrhabodsanps issisagionirdicleito ghodife os e
dielectric material of the wafer to a 15 plurality of three-di nensjonal

abr asi ve SSB¥f98dnetes spifaeed t bhianaligsrativrvEMHF threqess g Hepettdedn dintrspationplal
abrasi ve d{‘u%ﬁ@& 95, FRRY A $400 3p UG Rhdrky Iz‘?f 1P a’PﬁeVI%PBR&{ %&h@ higd and
di spersed 1n a binder. A second step is relatively noving e waf er ile

t hel$ecorias ditetteet nbrasivatserfh@ whigh iimcledes tabekivaiphhicldieligletsealin b pirter. alor asi ve
conposites until the exposed surface of the wafer is substantially planar
and conpryssetheaabrastustrtislieisagontpcid with gs saniepnductopgvafpie putace; eftgin fther

mat eri al fi: exp 0 1.al L i 1 cond

i el et o anee, EFR R oBHE AR AERATAAE EaddiE MREEAFLr oA

di oxi de. thhevafirraatl doeleatsubaadiatlyipdananadrgforal wafsr swyrficealUsy¢ ofidni aboasive
nitride. . As used in this specification, wafer typically. includes a
first mat¥dislapveiremes? dgpifigen ngmbreel Rigbleays WS&C%W&MP Hugdissi gn and a
secgnd materi gt ggg% Ve e Q. I e it fihdStaf r he
des?(gns associ ar%le ngt g%t heee?]ie%%? d§rrgﬁlétdcesﬁllcea X(ﬁlioﬁcfhgd%%at %egrang;g&eglrﬂ) a{31§e %-r ooved
ar eas, ardbrasivasartielss vehlodds sotfhers ot semicamdestomhiatdns imakeletio axmpaonpt édasd

sem conduct or. device. The wafer surface_ produced by process such as the
Damscenéwar@éfggﬁ‘él,t e iakh dy Peally Efwlfla&l% Bl hydnes PyebicR B TERe e st

di scl osurg,pis preferably free of scratches or other defects that would
interfere wmth the function of the sem conductor 30 device. In preferred
enbodi nents, the wafer surface is substantially planar and has a surface
fregsof scratches or other defects ®unmimasured by an Rt value. Preferred Rt
val ues provided by certain enbodinents of this disclosure are typical

: . ( p y
| ess than abouthivgisglosys potasyoaretedoranedsans ontehiomeahs sifases! apradeter abl e
| ess tha . a r 500
Angstron&yﬁgﬁg%ﬁé?gggﬁgggﬁ%@?u gnaﬁgﬁggﬁﬁﬂgéﬁ%?%%Q#§§bﬁ§ﬁgéH%QJ%Q%g %ﬁials
form ng |mydifys aorafar hadeg laafist naferiahdawager surkaeretdiryad foay dpattmddiokieed as
exenplified above for a wafer having only a first material and_a second

mat er i al .designzad poecond paserial deplgyed v 81 wilerhef e drparaednd fsotesef may,
for,exa , j, L i [ i.al a
secind mar Sy Sha bouhhhits Saiti e NEKLORaThoERRE 1 GhleF Lo ERNERAS or K

mat er i al sdimmaiysidrea eabdassuer camposites higxkdt @ faar abrasidesirgele, Are crtedint@kohilal 1S
depl oyed over the first and second materials so as to fill the design
etched i @@SW@W%%@OWI%% aluraley of 2prgive pagtishesaltedgndndispesicdriaig 1y of
t hree- di nensi onal 10 abrasi ve conposites fixed to an abrasive article. The
outer material of the wafer is placed iyn contact with a plurality of

t hr ee- di nensi onal abrasive conposites fixed to an abrasive article, the
abrasi ve conposite conprising a plurality of abrasive particles fixed and
di spersed in a binder. The wafer is noved relative to the abrasive article
while the outer material is in contact wwth the plurality of abrasive
conposites until the exposed surface of 15the wafer is substantially planar
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and one area of exposed second materi al . I n one enbodi nent of this

di scl osure, a nethod of nodifying a wafer may begin with a | ayer conprised
of conducwowveowmsmri al depl oyed over at |east one diel eecmius2omaiessv@al . The
dielectric material having a surface etched to forma design. Such a wafer
20 may be nodified by contacting and relatively noving the exposed maj or
surface of the wafer (conductive material) with respect to the abrasive
article. biderabhasrens step iig rdatixghy ezaving dhenpefes exhilgnthe sgemwldmatgiisl issur f ace
of a pluraljt t extured, ~t.hree-di nensional, .abrasive c osite c rising
o ural 12y ley b ALt 1R EEe FOTBARSH Ry, B0 EREME MRERET A ERER e
and 1ot i gbstentEly HlaiaP efld BEhYWERS at RestIndraddd dfyexpbscaiirgiSmyRriglomaQsicles Of 25
the abrasive at-tide and the conductive material until an exposed surface
of the weferpossd seond amateradl] Theseqoad maieriad ehiypice By aanctylebeyevsn reaeeendof
exposed ¢ uctive terial t | t _one _area Sy qete] ielecfric
natéfialfgﬁg%&tﬁgweggéﬁb gufgé%§§n%§%%oﬁ%ﬁc€?¢glﬁgﬁ%gfazgﬁ%dﬂpﬁé éiﬁ%sed
surf aces @mbiiatlogwfrd ctta@liaal adhessn/birrr $iyrgl eThel e matdial & glpaatlyic
material may be covered by one or nore internediate materials such as an 30
adhesi on/dbeeetriermataydy . Swifghle anteymedide rastpals Prozdiceier/bpigichdexars arcledsy f ace
is essentjally f.ree of.the Jnt i at e } . I .

conduct | viCHsraliEy i ML SR A AR Bl 1y
expose onldyedibiebatief Bgersahclufie tanbll@n MEthRG 3P R80RHOE3 IBahNG/Hild008{d069396
material and the conductive material. Continued nodification may then
expbse orbilfqea ndfidface of the wafer the dielectric material and the
conductive mater.i - ' ' r t to
modi 'y conduct oL pismplery A RAETTIbAERhD B SufraP2Lt{ RURELLHABHRRMER 1P |
t he presaniri@ppitegatmonbe T6sogainchee tal pattemed Sitiférageiceraydesssante dicttrica
variety of conductive materials havk&ghresistivity val ues of |ess than

about 0. M¥RildAy denkeyed caar thembifacs ofdherifse dickgcds hariggmatesiehl 4 fEdcteras
tungst en, per | um I C i r..various
al | oys o#ﬁﬁﬁgégm%g?d#ghgﬁgéfgbgggﬁg?gl%%?ﬁ?éﬁ%%?%?f%%%%géﬁggéﬁﬁy% g%é

di el £ct r igturabyséfathtcR-dimsssidbhdnbabiegtcompodits rfix@dab harabexsrpiracly, thothiode-ment

of this djsclosure, a CW nethod is provided for podifying a surface of a
subst r at éliggetionsd alrasivisi camnatEoFornRTERE £ iality el abredve Partiplest iy cdkanes s

portion td?ﬁie?s%fi-in'agbfﬁg?r. par L GHd @{ﬁlg%mﬁw.rﬁmﬂ glé?ﬁztafer%‘ﬁle”ﬁyk%gond

conpri ses: oviding a fer conprisin east a first materia
havi ng a dtledtacenatded chiadohtacf withntlee Hatalier of, abaassecamipostseurtd thdepoayded
over at |east a portion of the surface of the firi%Enaterial and a_ third
mat er i al HERFOYHC Bpbr tatubsRaLtaP BRI NG FOBPTiBIE LIk ORSATEE Of rEOE Y

mat gf i al ;gielectric batdier ﬁﬁ%@&ﬁ&'gnﬁt Q%a bhbé&s@aﬂg&ﬁh@ 'efch{chﬁat\é?Iﬂ]e "Fhe 5%0(%)1{219 .
presence of “an aqueous working I1quid substantia 1y ree of loose abrasive
parti cl edidodric nohtadalng watielly silipdh 2Qidebudf ekareplh) bilicomgdiatidt.edbt fase pl c
greater than 7, and a surfactant., the pH buffer including a basic pH
adjyspindgaaﬁﬁfb@ﬁﬁrgﬁkﬁ@lﬁﬁﬁmﬁﬁhﬁﬁ %Fﬁﬁugﬁgnt, and the working liquid
exhibiting a pkl fdam ﬁﬁ’é) ciﬁcﬁ@orﬂ%’f@r tﬁ%)cz%l i{nbluaesozi gfsﬂn!a{e)ﬁa%vith a surfac

t hr ee- di nensi onal abrasi ve conposites 0 an abrasive article, f%e
t hr ee- di micted om &rmabpateirv er € degppsindassecampmasiialdeplgled pati thy softacalmf dsi ve

parficles.fixed and dispersed in.a binder; and 25 c¢. relativel ving the
waf &t whi'f& FRETEh] her Bl ot V@ﬂhf@cﬁrw{l%_@wem&hua? éﬂaﬁ?%le@f%r% asi ve
conposi t &g gl hre@) SPISRY SURERCH thlé NeuBRE&QT whichS WRRE ais 'aal]clb%ﬁﬁ_leted

substantially planar and conprises at | east one area of expose ird
mat er i al samdcondectar déaviaf Exposted ssdamnuodetcd biyad probess auflung therDaweeplear y

embodi nenl;[roc(:)efss,%n mod?fjl-e]d bnf‘&lre] %gfasitvg %rtgc‘fé Qfo tﬂe %?eggr{tid?s%fo:sure, is preferably free of
scratches or other defects that would interfere with the function of the semiconductor

30 device. In preferred embodiments, the wafer surface is substantially planar and has a
surface free of scratches or other defects as measured by an Rt value. Preferred Rt values

provided by certain embodiments of this disclosure are typically less than about
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30 a) providing a wafer conprising at least a barrier material depl oyed
over at |east a portion of the wafer; and a dielectric material depl oyed
over at |we0%02pssrti on of the surface of the barrier necenisados/ w396
20091023387PCT/ US2008/ 069396 b) contacting the dielectric materi al
of the wafer, in the presence of an aqueous working liquid substantially
free of | oose abrasive particles and including water, a pH buffer
exhi bi ti ng0Q Angsiromso pecfgrable lgysetharerbewiah0G0 Aagdromss gnd aeashmrcicrable loss
buf fer ingludin asi.c _pH.adj usting. agen d i di.c conplexing,agent,
and the w0 ARG oL ARG Fet % AT SRR S S8BT BT S
pl ural i t Yothinghawres 6h BRASE RR&l oflE asifde KRANSRrhesy Bd #edificd aarxabpaidd e
article, the three-di mensional abrasive conposites conprising a plurality
of abr asiabevphar pivfeshavingsanlypdirdingieriad ead § accgniinpgsial. and c)
relatively nov|n h fer while fhe di ric material 1s in _contact
wth 10the p b AGERrALERIE s Rt Db Tkl R omd LD eFERLEST (e
waf er is ssdibaitAntwatt yavidpardeasan dirg nmedi: agd atsedondhaterive padseat @f thevpased
dielectric material and one arca of exposed barrier material. ) I n one
parti cul &f thscapisr.afy lcastinpdioftiermatemnas giaghare & pwfaggctchad talompra designsiAn con
oxi de, a ki i | il icon nitrlde. rtai n
exeri ary i isaet i fedRUS e e FRTARL SERRT R Db LR SRR,
occurs uriger thprsesfacy. e The Wafcangpladdd abostitad. viith @ pbrapeubflshrpedirssdidhel i nch
about to about kil o-Pascals (kP eferably under a pressure in a

(psi), a), pr

ranb&e of aRFBiNe QEmposifesIisxeddp ap ghgive prtmbe. ¢ ghea%@t mafggalof thepypler isplaersk her
enbodi ne i i h . rasive. arkjcl r at ed
e or b shiabClin 8 AELAREAR R Gt ABARETARINGEE A6 B el
articl e anrtitlbetheaftetsios compbsiteheorajpiisisd \aeplardlitg lof dbnghivich partiafes rfi-adeartdot at ed

relative to the other as well as bei ng noved |inearly along relative
centers ofisnchedwardindsrd Themadenie mpved eelativerioethgabepiva seiahahis thesoufer
article - [ L1 L pii ' ' A ern
25t he sieuAeReonRY St Al bRUERS QmBal Pl o SabsJREn o
rot &8 i on thetwwateris tilstanabity phnar &l @asnprBecant icadt @noaycabd dx@bdswaeirstimagerial o

10,000 rpm, 25 Preferred rotational speeds for the abrasive article are

when t he 28088 Piré OAFKPUBFE SsONAIBET® a speed between 10 rpmto 1, 000 rpm

and nore pref Ly, L e 5 el ween

10 rpm to 60 o kraPUHEER of il Bl B2 i D P i R e

waf er rotwitles hiyca cepedstdbef werduckive pmttial 1d0éyedpover nar keapr @feedzhiceic

between 5 rpmtao 500 rpm and-?til,l nore_ preferred between 10 rgmto 100
a

rpm 301 Anaengr (erdidpgoainatsiial dpvipasudpecrielist o, fotme EoisBuctrle valet ace

of e i i1 e..ab i icle.i r:

vor b g &Y bl InBEd b LolctbRRiicRan G AbUing ife LihdiOf npAGRERGE: B

i ncl udes vaafwial¢omtiyctofe watfetielr) ewith ackghetti toethe HuradiabhaicldMDThe abrasive article
20091023387PCT/ US2008/ 069396 addi tives include pH adjustjng agents. (e. g.
aci ds or DRISHY) CORISGE A CXROSES M3 W BHHECe ¥ ﬁ#ﬁ%sﬁa @Ftub%{s @?re%r&%w@ aht's,
surfacta : i nQ: - buf : L:ohibi i : ps,
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conductors on the . : : : .
9%1 tﬁe aQraswe article and the conductive material until an exposed surface of the wafer is

substantially planar and comprises at least one area of exposed conductive material and at
least one areca of exposed diclectric material, and the exposed surfaces of conductive
material and the exposed surfaces of diclectric material lies in a single plane. The
dielectric material may be covered by one or more intermediate materials such as an
30 adhesion/barrier layer. Typically, the exposed diclectric material surface is essentially
free of the intermediate material after removal of the conductive material. Alternatively,

removal of the conductive material may expose only the surface of the intermediate
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5 wafer surface such as oxidizing, reducing, passivating, or conplexing
agents. Exanples of oxidizing agents include hydrogen peroxide, nitric
aci d, potwe=nwwm2Bmrri cyanide, ferric nitrate, or conbi nacirarssoosieishese
agents. Exanpl es of conpl exi ng agents include anmoni um hydr oxi de and
ammoni um car bonate. Further, the working liquid may be relatively free of
addi tives or other agents. In this enbodinent, the working liquid may be
10t ap watmegteriali and; the eqpnglagtivie, materiglei(oniinel weddicaors mayathce cppewsi emthng
agent is sb azeoéfrt.héazoke'the iel ctrilcn a?grieal?lxg%lcar éuc {\rfte)Odaiterant of a working
liquid usetar® 'n n%ﬁﬁ?yin SU8Grae e 6FC awareY suﬁ%ed%¥or fabrication of a
sem conduct or TRV ipgBent! hthar ki Nertidutiitlyd 28R | t6 emodiTy agstRABEyS Blithdean Of
initial conmponents substantially free of | oose abrasive particles, the 15
conponenttspicebl el tasethe second puatdrial ek picsinh gpaticationst Thmeongluetive
greater th Z,an factant., the uffer ¢ [.sing..a basj,.c

2 bt 1 ng agestimBnte BedlEoRrh Bs il EoRii Byt B BRRLIE RSeRr RGP HRCEL

exhi bi ti ngssathatd fboamoalbeith-ch.t Prafeavll cbadudtivechbictibl fneRiduracaBrfiedi aent s,
the working liquid conprises a fluorochem cal surfactant, and the working
li qui d exhngstans capp pluginEpoaliunmyng cappeit alloy, 2oldn sarert o6 rvasesplleysyof
erbod! Tenhess! Rl SRRMARALAK 8% A! LARRIRDASHAALE ChGubO TR LY @
surfactant Suitabl e tor chémcal nechanreal® po I'shihg of a surface of a
subst r at eolts.certai n exenpl ary enbodi nents, a nethod of preparing a fixed
abrasive article conprising a surfactant suitable for nodifying a surface
of B wafer in I8 appdas @mpkay sabpdimenpef thislisrdosyro e 34P ig pgovided

252. provigi Bl SSHAR A Bl LEhGs IUNG ARy S ACPIGSOMBLL S0 R e
plurality o eé- di nensi onal abfasive conposiies '’xed 0 an Abrasive
articl e, thitkndshperioditheasi anahc phtiasiarexcapigroshibedintdnphd sethgda plurality
of abrasive particles fixed and di spersed in a binder; b.exposing the
surface tO@MWI8eN-factant solution in a solvent; 30c.drying the fixed
abrasive article t e POrti f .ot

formng a coa%%ng 3¥5§g?%a%3%ﬁ%ggﬁhgﬁﬂﬁ£§£gggtgo?%Pg%ﬁ%¥X?ﬁgH§u?$g§%% WO
20093 023 38cHed 6 a0 PAER3ID 6 cond matddjal Harlayddygves helsst (aagor(iey ofrthy sheface
repeated gt a _polishing rate until a target polishing rate i.s obtained, and
the pol i Hithgfipshieternbradm; tBird materiahdempyed avesss lrestzoperapmphthsrsutfaee ofar get
polishinghggk nd MAgRif-he fixed abrasive article is used to polish a
plurality o ma?er surfaces. |In sone exenplary enbodi nents, the sol vent may
be an aqueous sol vewmhtacEng theSthirtlemterial efothaguefor)Sn siod perénce enfgin @jucalscohol
or other organi¢ solvent), or_a nmxture of an aqueous and a nonagucous

sol vent (OTEINZekiq éPb%ﬁHwMtfé?e)gg loose abrppiye pagicdes @y mekidyneappissi ¢ &H

arthgl e figlies Q%Fﬁgg QTR Lfgieargr@ﬁel%% 9,%36@%{}&%? ) ﬁi ?)31&(@;1% 2 ithiee gé

t hr ee- di nensi ona rasive o surface ma

particl e Haspeisadjusting apemderd. an tacidéc pompkringdagdnat artdhéhcabyoesngy diqaid i cl e
further 10 . conprises a backing and re preferably this. backing.is. a

pol yner i SXpibithe Srﬁ?lsﬁwaagpwgw rhotdve wathtd Blﬁfahém? JEec-GIRFAIOBACI ST ace.
The  backi dhyiBesDfix 8! EChEiobiAR ariQUhcOlhr BRI SR IbEL, DA RRAN, uSed
for abrasiv artlcﬁes such as paper, nonwovens, cloth, treated cloth,

pol ymer i cofiprisinganduratitynefthbpsiverpertidesffidethand dispersediner biedereadibdi nent, the

o Shated w t IF-a biTHGrIRAReARE Hi VepANilF dpobrd aSHal 1 comtact Witk e 0

plurality of abrasive composites until an exposed surface of the wafer is substantially
substantially planar and comprises at least one area of exposed third material and one area
of exposed second material.
In a further exemplary embodiment of a CMP STI method, the method comprises:
30 a) providing a wafer comprising at least a barrier material deployed over at
least a portion of the wafer; and a dielectric material deployed over at least a portion of the

surface of the barrier material,



It is preferred that the abrasive coating is sonewhat erodible. Suitable

bi nders may be organic or inorganic materials. It is preferred that the

bi nder i swanoevigass7c bi nder. Further, the binder may bePpPaTiusesosopi3ast i c

bi nder or thernosetting binder. If the binder is a thernosetting binder,
the binder may preferably be fornmed froma binder precursor. 20
Specifically, suitable binder precursors are in an uncured, flowable state.
Wien the abr ash)ve aQOtlta@n@ ithe rdmiectrl@ Heatpiigider tlpﬂ ewlersan the rém@gfe@ft@
condi ti ons |n .thate.cure

pol yme ri 29 1%/% ?r ]tnﬁequ &@?tagﬁ,alls W 0%)10 agr SRIF 1tic eglan 1nclud11t1$ water, a

ursor. CBIAH ri zats on or
curing st@pbuffoe chhiBiRk AreeHrsRr pi s gilct dhdd ed aﬁmd SeAvRNt, abc iphf Buffer

bi nder. I n certain enbodi nents of thls di sclosure, it is preferred that the
bi nder prisgudiasra baic pEnashissiag agentrand amacidigl commlening agesty st theypeiing

curabl e RBRyhERPEngs B R aoHE” b R0 A o Pl DecRehec™
preferr edlbfrd’sﬁ% rc@dip@@tescai&a@l ® pal weekiel Bglclgetre rtmleaidﬁnmmererzamsa@er ylate
ol igonmers or acrylate nononer and ol igoner conbinations. Preferred binder
pr ecur sore@Npeeitesdeomisiigat @luraliy tafcbasiver rartielae figed ynd dispersedrie a dndesi ve
particles_gan be any suitable abrasive particles that provide the desired
properties on the exposed wafer surface and specific abrasive particles my
be used for spgcifirslatiyglgendfingrifcarifat HhilOas dieldctpicapaetiiles uffec)htzidﬂﬁ‘al'ltlﬂe
metal cut rate, surface WO 20091023387PCT/ US2008/ 069396 fini sh, and

pl abari t yhopludity of gbusiye wamgesitesuntiben cmasch kst wé thpayveics iesibrayianly

sel ect ed qﬁﬁ?%ﬂh%nﬁﬁ@s EnhFea$ P&E Eule§ ?6%&1' didf CHS 4RS! 2t bh@Ghea SO
exanpl e flor copper er surfaces he preterre rasive partlcles i ncl ude
al pha al ugbostdparidrehsial Al ternatively for al umi num wafer surfaces, the
preferred abrasive particles include al pha and chi alum.na. 5 The size of
the abrasive pardFdRESUHESEPBRIANNCBReAMERe o Helepaictnaterialcompripesiitivah of
Lhe abrasy& 3hd ineloinfRthaA6]£E0hORRkikBE ARGk NG |1 quid used during the
process. In general, suita asive particles having an average particle
si zes no greatdn ctelﬂtam akanmiplary meﬂrodsrethermo%rﬁemrtet\eédhedm wufen andrrpies erred
are abrasive articles in which the average abrasive particle size is _nho
greater t¥aHe @ﬁelr?nueriermﬁwealﬁ& range of @b fo Ao Peredst R savR InBaBelt 0. 5

m cr onet I i i th
filler pgﬁngpégou Rfio %%EJ%?ePZ#%%g%Sﬁwﬂ%Y Bﬁggﬁﬁﬁgﬁﬂgﬁ» Fggéhggéﬁ25|um
si | i cat e,15gisiiaboutnl BBltb)aBbatt €03.4h PN amithicd rRenbioien@ofof thie diwidsaren the
enbodi nent s_ of ihe di scl gosure, the blnger and abrasrvg 4§rt|cles provrde 15

a plural i Y§fcofn RBRISINC ABHCS B IRl G108 noved ragaingk ¢ &t §oF gxtles nay
conmpyi se e?thg?ﬂﬂﬁ Gbohsb afthiesr ik FRAS 0P Bath tﬁ@ ?y%@lglc}édinﬂghé RARE ROYRGED by a

first close ane curve extended into t i mension wth positive,
zero, or rakagaet tovthe bepens tvoll as baag naved hﬁmllypﬂlmgeremw ecigtib of dret watkt ynd

parallel to the firs | ane c rve and to .the backing, or, to a pojnt. The
first an&%gaébV(?r?aﬂﬁF a.i#eg RGFay Q8¢ ﬂ%ﬁ?&’f%%h‘gf 4riiele MY ?So&lbe mpyedaapiclplical Qi es,

need not Y/ f e

o ther | ANreBgBEhy BARKE of 4 Yfded VARG, SRGPOR BUEDRNC BlMRR b6t orpYed”
noncongruﬁnmeDmhe@h&nﬁhes@&mhamemmmgamﬁuﬂmnwyﬁylbewmmthnnmtmeHOOempect to
the_first_ closed Lan curve. The axis af exte defined.b

trai’-{ect orR JG%FW& PRI SseEs @rﬂr%%rel%fsaéac |aa<*n%r QLG bHEBE e ESat a

per pendi CsBEé’cf bét@e&hﬁ) fﬂn‘i?& 1 @b@ﬂfm éﬁfaemér%‘if?&gra% eéﬂ 211 n?’cH YK a €SS

preferably be tilted wth respect’ to the first "25cl osed plane curve.
Smal | er suakeréfeablyr eswesuthr@s tgHdomes Prefm;redbeatatmnraEQ)eeds fanehaivafealare

surface of, the abrasive conposite featu sui t abl_e 0S
entare St SOET Totfes GOANMR Loy UL LWL ST Bl e B ORES whi ch

I's transfigriiedosrHat Jﬂd}’stﬂl%oﬂe’bré'fgﬁec%et%&‘?lijp?ﬁcﬁf(ﬁ) HhepPs, to a

si x- poi nted, non-equant star of slightly smaller equival ent di aneter at the
di s3&l pl ane. Iiﬁraeﬁletheuberabwdlmeﬁmofctbmrrhsaleme ey clrelubotchswefachef thpr wefes & y

shaped or ir.regul arl abrasrve co sites referably spaced
pel e - LR R i rER K R S e e Al G
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WO 20091023387PCT/ US2008/ 069396 cubes, Hocks, rods, cross or post-like with
flat topped surfaces. The abrasive conposites typically are arranged in a
speci fi c woadesy/s3spattern on a surface of the backing. Actrarspa@siogsby, the
abrasive conposites may al so be randomy arranged on a surface of the

backi ng. The abrasive article may al so consist of |ong, continuous rows of
the abrasive 5 conposites. A range of areal densities of the abrasive
conposi t exldigs becludedH adukiéngibeenss Ve garrids| @, b&ghk #5| welhrasatordplaxingy

ranges are.at. | east 2 .abrasive, co sites F_square tinmeter tno. at |east
1,000 abridfieinz ShnsSii ity adcis, MFENEART viRling MGt BiRep ot ipiBidtye of

t he abragivecaaPepst @Scomindtivhk e ehd3eagditiscOf Al@siScd Map aloThélhddBi@ksS,
less than 0.5 miIlineter, or less than 0.1 mllimeter. 10Still further, the
abr asi ve gl ewi teaefivignyitia thsoscicond materighe- or mast er mgtil elloe sondggiorsapn ¢he

additives inclu abr.asi ve rticle. surface,.nmodificati on addjtiwve
Soant | e e Lt fiRe ARAAR! KRaPA heeuBin ARG R A EiSnies

i ni tiat orgF,oxsdisipg Agenty imdelt 15:drddel rfeedid S nitwetadcld) @oagamh Serriytdidet faftcs,

pi gnents, dyes, UV stabilizers, conplexing agents, chain transfer agents,

accel er atioirale, OrtwMbinaiionsqfi (hesoragentsas Exgmplon golagemplsxingr aa@éomsvi i ons

of these addit.]ve . I 1] I t.he J 1.Ng: ecur ed
a?rg‘g&#kl}é 123{%%%86 Va\lnn@?a%é)rﬁﬂﬁ #a%bontape. § ftﬁléﬂ, Yie %/%ﬁ%lal‘galqgﬁd?{xgg &

[}
to a subpad ave a front surface’and a

e and

t he abr astMéveQdice g additilesag ofice agtts. Omethistebolimdiit, thélwoatifg Gfjuid meayshegppor t
pad. A pressure sensitive adhesive nmay be applied on the back surface of

t helbackitaly Whtet.hdisgBedsyVater apt j daianized graier t0 PisablheragHyafEievageift icl e to
t he Zosuqﬁﬂﬂnﬁ,n)e The above summary is not intended to describe each
illustrate en%oérnent or every inplenentation of the present disclosure.
The Drawi ngs dn@nt becrhtsg)i drelsbddasttrof ptwakinghafuid @chdvin mMadeypgrat suefatast y
exenplify certain preferred enbodi nents using the principles disclosed
herei n. Z5VEer syitoode fabpicttinn Cra somuceydagiongsvice, the wopkipg, E@ulﬂ CORPESEcHenat i ¢
Cross s ecatq'ug&ﬁl sottW cﬁqc inflial g{n}hhg&n f sﬁsﬁh{iﬂﬁ; HE%gf ‘f@ofsg rabltﬁgifvg rp%rt?c"l'{st #Re
nodi fi cation; I gure IS a schematic cross sectional ’view of
a pofti orvoafpoact inehidimedawbfepH dutfer cx3@siting ackastoak fpKG g d¢atot;than 7, and gur e
3 is a partial side schematic view of one apparatus for nodifying the
surface otriactipl g nit BefferrrogmristsriabrstcorH ralpiatghand gypcidic complexing

20091023 %%Zﬁc%%)sfﬁg %&ﬁg %?cﬁ\id exhib}tﬁgg%[' ﬁ)?{ 4P aBolt! PS5 aﬁgﬁt yonal, yEw of a

portion an abrasive art e use the process of the present
di scl osurfeatured embokirgete the verlkdng tigsid dagrisenafluvioelenicalasupfactahyandthe
anot her abrasive article useful in a_process of the present disclosure;

5Fi gur e 6Verking liquykexhabitseg Rih flomahopt 6fo 2boybiti on of an abrasive article

usepgll In a 1y another exemplary embodiment, the disclosure provides a fixed abrasive article

comprising a surfactant suitable for chemical mechanical polishing of a surface of a
substrate. In certain exemplary embodiments, a method of preparing a fixed abrasive
article comprising a surfactant suitable for modifying a surface of a wafer in a chemical
mechanical polishing process comprises:

25 a. providing a fixed abrasive article having a surface comprising a plurality of
three-dimensional abrasive composites fixed to an abrasive article, the three-dimensional
abrasive composites comprising a plurality of abrasive particles fixed and dispersed in a
binder;

b. exposing the surface to a surfactant solution in a solvent;
30 c. drying the fixed abrasive article to remove at least a portion of the solvent,

thereby forming a coating of surfactant on at least a portion of the surface.



process of the present disclosure; and Figure 7 is a top plan view of
a portion of another abrasive article useful in a process of the present

di scl osurwo 2009/023387 Figure 8 is a plot of polishingcratseoa®cesos uncti on
of the nunmber of wafers processed 1l0according to an enbodi nent of the
present disclosure. Detailed Description Throughout this application, the
follow ng definitions apply: A "fixed" abrasive article is an integral
abrasi ve arti cPrtiangly, stepssubsd sayibalrpgeatades agoliglng sate nethledtardst pelisheng
particles_except..as nmay..be generated, durd ng the pl.anari zati.Qmn R-0CeSS.

AL hr oo taforsnDruRl PR RS IRL B M S, RUPOE LR P RO RR IR

NUIMEr ous tafeesdlkaingahte Ghes texieiditgitduratighoutedab Jotigis b plurbftdfarufedf 1ts
t hi ckness such that renoving sone of the particles during planarization
exposes adtfRedsoralsorsraxsmpliry grbpimestse ipatoll eenbmayerer ay #usgus srdvent (e.g.

bl anari zagLon UOGHL A BRAY LEXNLEG AR ARSI 56l 50 ligbra e
artitcle having rairsea portion na recessed portirons 1n I1ch a east the

rai sed paiut@iRzing@nbahducaty @3vene (farckiaabemdangety nder . An "erodi bl e"
abrasive article is an abrasive article that breaks down under use

condi tions i n Ehecryaerist ifegd whrmiee artpdador sircagmbedimgfs ofdhcapresent areghesd to a
Pl ural i ty. ol R8¢ Q%%Xt%re‘&?iﬁﬂee-'dgﬁe&%%?Qb}a&%.to*ﬁ%r éu?gaw?na{d‘eré? &’fphﬁaH&' §ETY
mass. n "abrasive conposite” refers to one of a

particul at'e

pl ural it yabedsivehpdpedchadpescdvi &bigddr| acty pekdtrddrnt the abrdsevet attield, further
t hree- di nensi onal abrasive article conprising abrasive particles and a
bi nHer. TREWEseSHE bykimhatd BEEsPigfyalhe thip badkdng rapeJymane ddiny lhis backing

30agg|ongMﬁq%§eafﬁmﬁﬁmécgQﬁ&ﬁ%?ﬁéﬁﬁgﬁgggﬂ?ﬁ%%ﬁ§%¥§%89§§&ﬁ&fﬁ%n@f@@ﬁfof0 an

abr asi ve conposite having a no e inverse o nol d
cavi ty whhatbrials wigtlahaedbednt ededtfoe abaniposirtided&uch as paper, nonwovens, cloth,
20091023387PCT/ US2008/ 069396 has been renoved fromthe nold. Preferably,

t he conpdiseicd glathspMixmang fikipy andipraaedpolumere fim. papprefeeed prbedipgnhghveyond

e SXPOEh A gl gy e Dol 0 the sbraei e ot ol e s beey, ueed
senmi£onduct or Alelcast @nt sbithaeadfi th bsekignBscoatedfwidi a base asd hbrasine particles.
It is preferred that the abrasive coating is somewhat erodible. Suitable binders may be
organic or inorganic materials. It is preferred that the binder is an organic binder. Further,
the binder may be a thermoplastic binder or thermosetting binder. If the binder is a
thermosetting binder, the binder may preferably be formed from a binder precursor.
20 Specifically, suitable binder precursors are in an uncured, flowable state. When the
abrasive article is made, the binder precursor is exposed to conditions (typically an energy
source) to help initiate cure or polymerization of the binder precursor. During this
polymerization or curing step, the binder precursor is solidified and converted into a
binder. In certain embodiments of this disclosure, it is preferred that the binder precursor
25 comprises a free radical curable polymer. Upon exposure to an energy source, such as
radiation energy, the free radical curable polymer is crosslinked to form the binder.
Examples of some preferred free radical curable polymers include acrylate monomers,
acrylate oligomers or acrylate monomer and oligomer combinations. Preferred binder
precursors include acrylate functional urethane polymers.
30 The abrasive particles can be any suitable abrasive particles that provide the
desired properties on the exposed wafer surface and specific abrasive particles may be

used for specific types of materials. Desired properties may include metal cut rate, surface
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5 wafer is subjected to a series of processing steps which deposit uniform
| ayers conprising regions of two or nore discrete materials which together
form a siwgleodeymr of what will beconme a nultilayer stpaTiuse@s/ostsvdhiough
the individual elenments within a given |ayer nmay be fornmed in a variety of
ways, it is common to apply a uniformlayer of a first material to the
wafer itself or to an existing layer of an internediate construct by any of
t he meandingh, epdmisnpytyeriphogagsidwalse suface. Ihe abrhivpipagiclastreayobe salgeidgh

t hat laye({e Igﬂngi thennthtO fiihc': n;[al‘f'e%iapi %& Wié[ersa fsaeeCOFdr em%&nerlei ?olr'c er wafer
Al 't er nat | VBFPE B9, IS SPEANG BIFER Fab SV T EF fh ¢ 1 SRS ESIBRI A a
first matsradds, M8Yrdferréeiadiveparaftinchric Waha aluriiha pirtioles. AVl@MIaBusl Yor
fabricated | ayer of the wafer, usually through a nmask, and then the regions
adj acent al@nmheswaitesirfpces theagretsared pblagige pittislog ircedsradphiteandrahbplumgnae onpl et e
the Jayer. W 15¢c0 t . the oute f.ace is stantiall | gbal | 'y

pl an%ar and pa?g}el et* @;&? ﬁgld B é)%g}clﬁlelsc(!)eﬁgl\?\(/gsflgrp%guur ggge. })gmcul%r nnégx%?tfolnl ling
oper at i ong tht abtisival driiclacadnpletshieds e @epasd lignd Beé @atihfghoprdcbs. second
material onto the exposed surface of the internediate wafer, which coating
i s of sufgepetiabppitatle aarze prgickes hpvipg gs @vereee PyHslcaizetgegraiethay ableu 5

constructj I e cupi . L

s R A R R O

regi ons afrdshe faaty&é sibiicho Wrdater elmpsricSRidrdracttt iisd, paRicararldl né grdakee thdnni shed
sem conductor device will also be covered by the second material and the
tot 8 t hidbRWeLS nHeropgEeTf i rst nateri al pl us the overlying second materi al
will be great t . i i e . er in
the warer. in Hietimsirsfis 89 ok e AT Sl iR BUAISEH SRR Y S

usi ng a ANpatanel pilkkeessticns tihduéx pasaatsinu fsiiate)f altménunaf teihyd@itd) gand
processed, grooves or pits are patterned on a dielectric first material,
e.g., sil9o afioBxihgeeof.The outer nost surfaces of the remaining dielectric
first materi al . ' i.onl banre i ks -opbal |y
subst ant | al 1y Bieanaf Y BufR] POnGUERIER) ARTHEE ph YRS RUERS ity

pi t $5 wi t hopluratiep af thapgd abawivplcanpbsiteg, Abragconempodsdoatdtyres tnsuhshmivciaal |y

pl anar surface is defined by the aggregate bottons of the grooves or pits
si mi | ar | yapERfdhresiimpnsjorh phapge s Wogs baundee by rifret desed dlapg @ pass

second suncraet P PP SRRR b 3h boThb SRR BB S duk S gkl =™
sur f aces pire quiref @ibafahyalpapablictlto the fidepland girnabndid the backiag,en ts urpoates and

to the surface of any |layers of the device which may lie i medi atfely bel ow
t he IayerTl}?eﬁ%rﬁbaIfda%ﬁcP’&%Péﬂ? YIS B 1BGHREHRMET WISHYGRLBEV £y nEechpetrbe
surf@ce w f r f t 1 i ng
ayer i r e SeK PRl TRERNnlRId:T pRE TRER: Sy PO S TS S MpHIARS, o
ni tride ahe firdt aiosadnplaan diggind) sequienhomehglucsteedn dhanfitse plaat figareg or ncayper or
alum num |ayers arc conforpally deposited into any_.etched oy .pattern areas
of the wdPifcd Wi r%@?%é%&l%ﬁ%b?«lowr GRectte MBS it of fedape dikihed vty
often thep,;li i inal I r

U face e R o B e b P 1 R B
has been plarovida sbgongl abdxat! pldde cherincal lessgobribéyabe pltaharth zaspearnto (HEMRpt
utilizing,an abrasive slurry and_a polishing pad. Certain enpodinepnts, of
the%curr RSCHIPLIE S¥Ce éreﬂ[eaéeaq? I’fif‘eat%%§9gb%$1|%9VW%ch£§n£%fhe\fgﬁt§ﬂ cl ean
pl anari za,iQn. HACEHAsVOLGHp SR sca three-di mensional shaped abrasive
at-tide wherein the structured denents of the abrasive article conprise a
plurality of abragiblecgnposis farttie might have dor exanyde ki oigefldruirdssceniiorn 8i ng

i ngredi entfs, which chemcally 15 ify.the second.material or which

ot her i Sahf BT B TS FBN S2POBD oh i GBS TICRAI RSP P Sh SHeP St ace of
the int erﬂ&%qﬁ&@c_ sY@ffo?rsligMHﬁimélfé‘? GGl AIOR RimibeadhE a%'ta‘f‘?la%._t eL& dRy%sike used
in conjunction with the abrasive article. The folflow ng non-limting,
dessl i pt icompexigrspingy i besbathecithar ipoassselyesimpdd af incgulady rshepdslodiTime rebsasofe t hi s
di scl osure. Delineati on B( t he t al Iinesh @ds’PaFd éi as f or med b% 20 the
Darms coné OBRGSES ST $rFRAM a6t 4l GoBy & gltBBa) PRIR A PEa o HoStEss

whi ch enpl.Qy4 g%o&@t&t%%h%&é@@ﬁ @ PaktuARIASh NG bl tablifs, iRt ARBRIdEAEHHRE,
process i s acconplished by contacting the exposed faces of the wafer to be
planarized to a plurality of abrasive ggnposites on the surface of an
abrasive article of the present disclosure, and relatively noving the wafer
and the abrasive article while maintaining contact. A working fluid may 25
be used that conprises ingredients that chemically nodify the second
material or which otherwise facilitate the renoval of the second materi al
fromthe surface of a first wafer material under the action of the abrasive

= —— N -, = o o . 1 S .



conductive lines. In specific cases, renoval rate of the second materi al
becones sl ower or stops when the surface of the first material is exposed
and t he rwonvalosmte of the first material is different pcars2alsmeasesoval
rate of the second material. The abrasive articles of the present

di scl osure are designed to produce a substantially planar surface on wafers
5 conprising nore than one material wth each material having different
removal rcabes blotks rady, £50sy or apstilkicavitivflat thppqsk smsaaes. dihecdboasiveecomnesdessi gned
to m nimalhy. RErA GRaARS B a8&RL dhsSs: TREeni 8l S, diAAd P ARALLERL! On.
The rol es?OF* thé ai%eraetrit anl*the n%ﬁa? ﬁhyIBe P eV &rSE; Ot né® 1St tand
second nmeAl@drhalvely) eiedatR@divdeorpdiittLtay alseibelr@fdonls Srrantbdcand e tee of the
respectively, or even to at |east 10 one of dielectrics and conductors. One
enbodi rrerhadémgt Heherabrasoe sticleeayprlee epmsidiod dpuss wpetinhpys beys Al Wict4brasiveaf er

hav! 419 Mol togll?% .txDrarqget &F ! Iaelaf dV\InlsgtPels noéﬂh? 'aﬁlgals%el a0¥r}%r031 efs I’ﬁg ebfeluréleg r1]ne ghe .
sem conductor dévi ce, rateri ar i mredi at e y under ying a %art|cular regi on
of el t herabtdRevcfdrtidt. Saitild aalafentiferaf @0 afmedseRiablasivicRompalitssipet sqi@ye be
the first material, the second material, a third material, or a conbination
of mat er icghEmetgr dpableastsliOlt abresisg cgmpssigh dBaPIUAT D FAEICt U r Inardditipas thied

W th respect t . .0 . 1 or
pits i i o e sPRe 0l Rl SR FRRE RiluCbr BB R AR O IRTHAR, ©

| ayer; a Sindikigetdrnonbisahard he nsiditastek. material is not present at every point
above the eventual planarized surface of the final fabricated |ayer prior
to the initiat3tBhfwthernheabsgrayg sempesitenh mirveslso dpclidie oRp 1ok JHOICa#Iit Base
having a g 6f. 9&418$£egnciJh%“a1§JF§ib?° rtid[s WG %dﬁdiﬁca%%nr g&fit@éegntcgﬁléﬁ/n view
of a patterne3 water >10'surt apre Fdr Use 1n the process accordi ng certain
enbodi mendgsntof fitlke, eimatidgweentsFbers) aftistatic kdrawn ifidabts; 88speuding agentoped
regions, active devices, epitaxial |layers, carrier and field oxide |ayers
have beerubiganisewcttipgragenty.curfgstantsppig@cnts, dires WV pitabiligers, gowplexBBsgeaiphi cal

feat ur es it Pl Calhy MBAR, | LRBUANGEPREARIGA! GBI LT FlasgiifhodSuthol G

crystal silicon, gallFum’arseni r materral’s
A bds ri ercoatbimdibbasoOthedoandditivk8, typically titaniumnitride or titanium
covers the base |.ayer, and base features. Qther barrier |layers may inglude
tantal um t antddiemilyr thgeabrasivesiqatipg may b scgured to a subpagreiae sebiiidutilor
| ayer 14 r (0} ri yer . f es. A
vartety dRvarh Sl SMARGRR Pl st B Rhly B Bo BoRE SRL W
al um num fewp perfacaldf oy, supporg padnA psedswrersengitivegalhdsivd ey ive tipliddaonethe back
typically applied b epositing a.continhuous |ayer of the netal on barrier
| ayer 13.Su|f_f§%feg th?e%/%ﬂmgsows& whsvabclednsgreh %h@x 4 pbadf Ve FHES (0 &1 et al
intgqconqgg%?115 illustrated in Figure 2. WD 20091023387PCT/ US2008/ 069396

al reno ‘provides discrete netal interconnect surfaces 15 and discrete
feature surfacEs dfovetlsuaimagpy é§ avabitghded aviddssibe quichnbuststodt enbodimest af
scratches or other defects ich would otherwise interfere wifh the
oper abi | i¥§YofMPlrEePIAHPE nRly tie ATESAY HECESUtevi T ‘Trninesatrd thodapaied
exenpl ar yp QEROHATERAL fol RwWHbROGh i1 g&&@@ e thTR Y B oApadinRHls  Rffy Of 2
substrate such as a é@nicon ctér méfer, ich sug#ace&?ﬁgludes fhe urface
of an uppbe ptisgiples disclasddiler@st ri ¢ material such as a dielectric oxide,

silicon dioxide (Si02) overlying a |lower |ayer of a barrier material,

e.g
e.gzssilicon nitride (Si:41\14z, to renmpve substantially conpletely the
upper |ayer and expose subs2k ipti 1 | ower | ayer of silicon
nitride as a sybkantd allyedhAGhed AYBENASIED A hreith IO Ll RIRY GAY
10portion of th ower |ayer of S TCoR nitFi de.” PR one exenﬁiary

enbodi mertefort Berfatrhatificaioar i ses: a. providing a wafer conprising at
| east a first material having a surface etched to . forma pattern, a_second
material depl dygecispr sghematiscross spefianpbyicwrol arortian ofpwrusturedhwater afer

mat iaISP%Q&”%O&%k&ﬂnHaterial depl oyed over at |east a portion of the
surface o

Figure 3 is a partial side schematic view of one apparatus for modifying the surface

of a wafer used in semiconductor fabrication;
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15t he second materi al ; b. contacting the third material of the
wafer, in the presence of an aqueous working |iquid substantially free of

| oose abrweize@/qpassti cl es and i ncl uding water, a pH buf f ecTasheosioteng at

| east one plc, greater than 7, and a surfactant, the pH buffer including a
basi ¢ pH adjusting agent and an aci di c conpl exi ng agent, and the working
liquid 20 exhibiting a pH fromabout 7 to about 12, with a plurality of

t hr ee- di mensi diigireabisas¢ress segHps iviaws of pypetfiancofaan aliypuywd ysickeruscil én thehe
three-dingn&%gn@&>agggﬁk%%k90ﬂposites conprising a plurality of abrasive
particleé’?lxea and 3lspers§3 fn a binder; and c. relatively noving

the wafer whilm@gihs it hickdhs BEdtidhhlalicw 8f b PofRAtAGhothet dbrishe dititle akdflyinQf
abrasive conposites until an exposed surface of the wafer is substantially

25pl anar rapeFseehibeipsesentalisclesss one area of exposed third material and one
ar ea. of expos second. material . . n_anot h parti.cul ar. exenpl.ar
9 ﬁfglglhrg 154 RS Sk &onal Vla@#)flsarpgrrtrlg ho?qan. ﬁ)r%s&\ciﬁ %1%016 GAR'A

enbodi nent, t od” conprises a i nc g a)providing a

waf er corbdcss ofthabprdsemsdisctosandudt i ve material having a 30surface etched
to forma pattern, a barrier material deployed over at |east a portion of
the surface offigie Tonddenr iplaa vawedfi aportwrdofaangitiedrebrasive srticlerysafuldem oyed

over at | rtl surface of the barrier material; WO
20091023§§§%%ﬁ?ﬂ%§@%§%%é@%&%n%' b) contacting the dielectric materi al
of the wafer, Higutlesppigerpelisfin@mtagieaustivookihgguhiberiotwsiébsirasdssad |y
free of | oose abrasive particles and including water, a pH buffer

exhibi t i rgeerdingda s cobadigeat gf g pegsentighslosureand a surfactant, the pH buffer
i ncluding a basic pH adjusting agent and an aci di ¢ conpl exi ng agent, and

the working 5 liquid exhibiting " H fromabput 7 to about 12, with a
plurality of three-dinmensional J@FEQ?Léﬂggﬂgggites fixed to an abrasive
article, the tiseadumansiRaliAbNaToNS RRUBASLbASLGANPT | Sing a plurality

of abrasive particles fixed and dispersed in a binder; and ' c)
rel ativel y nmov nfxedieabsgsierartiplelivan hvcatilabeasive astipha that iinsubstaniiallycisen efct

with. 10 the, plurality of .abrasive co sites .until exposed. surface of
the ot er el Sbiake S BRERRLATaSRAP R e fPu bl biin e FIAGRET ORI GES
exposed di el ecA ritgreBRiBEds@InaBNEbradife akede Gf aaxgRsed Aaldd avilmt@habus
In one particular exenplary enbodinment, the dielectric mate al conprises
si li con owrasec petickehecxbadimge thraeghent at lessingr pesionsed jitg ghicknessi seh that

15Appar atrlélr%oving some of the particles during planarization exposes additional abrasive particles

capable of performing the planarization function.

20 A “textured” abrasive article is an abrasive article having raised portions and
recessed portions in which at least the raised portions contain abrasive particles and
binder.

An “erodible” abrasive article is an abrasive article that breaks down under use
conditions in a controlled manner.

25 An “abrasive agglomerate” refers to a plurality of abrasive particles bonded
together in the form of a unitary particulate mass.

An “abrasive composite” refers to one of a plurality of shaped bodies which
collectively provide a textured, three-dimensional abrasive article comprising abrasive
particles and a binder. The abrasive particles may be in the form of abrasive

30 agglomerates.

A “precisely shaped abrasive composite” refers to an abrasive composite having a

molded shape that is the inverse of the mold cavity which is retained after the composite

-12-



Figure 3 schematically illustrates an apparatus for nodifying wafers useful
in the process according to the disclosure. Nunerous variations of this
machi ne awmd/2009/m283%2r ous ot her machi nes may be useful w POTASREBIH396

enbodi ments of this disclosure. This type of apparatus and numnerous

vari ations and other types of apparatus are known in the 20 art for use

wi th polishing pads and | oose abrasive slurries. An exanple of a suitable,
commer ci dlab ybeay armaptde figppdrcamedd.i Prafeabty, (tbhempabitenet Relstatiplly ftnsess)

machi ne avail abl e.from | PEC/ WEST of Phoenix ternati ve .

o mos AP ABeFid ol e Witk Akp P Siatis dlihe S PRt s Shins: i ses
head uni tar@dic 6BREWSEH, &S d&sciBEPIn [(T.SQPatéM‘&l)S-,lSQ@NKP&%eI?& agxtends from
head unit 31; an exanple of such a chuck is a ginmbal chuck. he design of
chuck 32 pref dratsinyeritoanshserdigoeducgirf davieenfabrigptews sehemepi ¢ dlad. Beset Hilgon he
abrasi ve ardicl e _pr.oyid he SiIe rface, f,inish fl at ne on t he
oo o8 VR SRR R RE e Rerl A SrRRRLLT I, SHILPRED bRl hoftdfin LRI i el e

pl anari zatgiefs oAtwd HEmerddiedrete hmkriaévdhschwag@heﬁmhdarsi@gﬁe 10éf ef whed Wigelr 33
secures wafer 34 to 30 head unit 31 and al so prevents the wafer from

beconi ng bereme dgedtilguen sigoprocebboury. thamdividyad clomsnireyithia ageeingaeas npay
accommodaf & Lh&; waf ﬁarrie &H?%, Rgs cgrﬂ%og)t(oag%lﬁ Gl Rk 0PV At nlafiGLAROUN AT,
square, oct agona]I , nhexagonal-,” or pentagonal”. @\b

2009102338d RafdrUs2008/t0 68 33Gting layer lofl af AR rh¢tiitaeasuct be anafogthdaleaey
includes two parts, an optional retaining ring and a wafer support pad. The
r et 89 ni ngorPPRLYrapPiRYCd iy Hisetth|tp pichi mis upigrordhipugh thah dayer.iand therotonfall thee

peri phery,_ .of ) or, f T, f I L

P ot S ST RIRAEE Ayl RS RHORELP STV sy
hol der 3Zoeirisingsa afiongsiteteal ohayp e depodised ohtonafeeivaded, ak gt pesvidwsty 35.
The ring fpor‘ti on (which is optional é‘rn%ebe a separate piece or_my be

i ntegral fabrigptalolayer ofsthe wefen givballnBrawies magks aid thep ds regong 3djacebt toext end
beyond h fier -.ho 3 t ta

abr asi v\gqgﬁei %‘égﬁ% Bla&ng%tfﬁgg ?V}ltgt %%géeosnfa Wa?e grﬁl Egl Cé)g?d*%g tﬁ%e@%kt g‘*r,l]?:lenbeyond
waf &5 34 ®uglctédatic diher svafaes isabdaitiatl @gotatiyi plunar amiopraltd tolthetbhe: dlicasi ve
conposite, in which case the wafer holder may influence the characteristics
of the abt#eiWePednposite. For exanple, wafer hol der 33 may "condition" the
abrasive arti q%ﬂ - Sur - e
abrasive arti %@ﬁ%@g@%ﬁ“&%@gfﬁgﬁ sﬁﬁl’f?ﬁécoﬂﬂ;"lﬁs e }a/gﬁf‘@?ﬁ]ﬁ%%déd}ﬁgg %Eg%egi ni ng
ri ng may sbeomtacletcault oad thnyxpmate surddcetdfahe wmttimeadidtowaldt tvaichhroasny & aff ti cl e
to inpart the desired degree of nopdificatjon to the wafer. es of

sui t abl e StHi@snt dhigknesy fq,HE thesepesiqns ofdhclaye wnder construgtign @?@Edﬁg&% % ch
Cor 11 origr ungtub Ty A8e fheylouC SRR AT, BERbICH dRbo ARRRIE] ot PEEDP L
I n gener a reshiovwhe atgionabeéthdhblyciewhdB wil adreprifeetheefent alatuial 2 tle Abiektd 1, 000
bout 10 ERIeagRTong0 T MIARGS here  Sropat okl SbUE %! TeHEsut 100
rpm |f td}ﬁh@@ﬂﬁrrﬁa@h&! lu %f&@élyh%o%@@%%%é Lag ﬁea%ﬁ tek hgaﬁ thb&icdesi red

cut rate may not be achi eved. r 33 and/ or base 42 may
rotate i rthakodss aufl the firadied caxposypli kager fragiei wafer.a Inothe umedtonnoframndtilayer

ellpptical fashion as a figure eight or a random notion fashiop, Th
25wat er HBFiEFtIGR ab‘i‘étECtH’é?yuSéHgs%%& PINGIPECSPS A BYCett ,Osegu%‘Fﬁ‘&%o (e water

transm t tyhd HobERSPNrEovek Ry 3its GRS phiirRYIBn LB RO E & rsOhaRASE ¢ o , siliconT NE
abrasive article tor use with the gurrently enpl oyed 100 to 500 'nm di anet er

waf ers wididxitgpi Elad bytehanest asudheasesfe thebetmeeng abdattrid Ofitso nR@Giabmand any
%gf ﬁ{ﬂabl gﬁgl%\é\glgpﬁgob l%)latrfi%qol@geors %ggnenllnglo%gﬁ; S%S?JH%EI?}P {)%natl)refglysv‘? seurllrfa%g (\))v t1ch25 to

locally bridges the grooves or pits without departing from planarity. A second globally

30 substantially planar surface is defined by the aggregate bottoms of the grooves or pits
similarly bridged locally for the purpose of the definition so as to pass through the
patterned dielectric without interruption. Both the first and second substantially globally
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30may rotate between about 5 to 10,000 rpm typically between about 10 to
1, 000, between between about 10 to 250 rpm and preferably between 10 rpmto
60 rpm Iwoizsogpmesser red WO 20091023387PCT/ US2008/ 069396 prhnats2imsinbo3vhe waf er
and the abrasive article rotate in the sanme direction. However, the wafer
and the abrasive article nmay also rotate in opposite directions. The
interface between the wafer surface 34 and wafer hol der 33 preferably

shoul d beplanar atlrfe/@rswrr Ipseferahly parhiicdrtm the osigingt élltch@twetfﬁe&t!@@ﬁ?r eold degheee of

| ds
(doscr | pebiine hbed BEST PP R SRR P I SEa BREbUBOv I TS eeing o « ne

interfac efamtawie NTNEERbNE Hisamealdy glooblnyﬁ@lavla Qfrfaic6 a1l HReitbEBspond @b tached
to base 42. It is preferred that during planarization there be a consi stent

fl ow of tsnéfavmpﬁrangmm@mtdywdpﬂ@ngriméfrrflédte 1&39th @n@orwrbraéhrwﬂawercl e
and r surf d pon the
desi red \rl)}%aﬁ%lr? attﬁ%nﬁu%lrlrl%edrer gyfga cut rat ebseg a@gtgyr ncroél at n%f arar i ty),
the partiopparoridiminuansicrsugt icomnfoang iy h@o@%&pﬁlﬁd axrgeaahedcoelmttetﬂ ¥reasTfe
liquid flowrate typically ranges fromabout 10 to 1,000

m L1i 1t éhem#ferut dheperapsedappipr sorfees sHohamintpinadiase St vtk oftgndtheethifeen
about 25 t i ss of the

di scl osure&p"ﬂfiE {)Jaéséhvteﬁ%r% ]‘l;gt Letaﬁg gfgﬂahgg F]gesfgﬁgée%syudrre?% {i)(i)lgr%u pad 43 which

acts as a SUprmerzlomﬁ ﬂ'h@rexbélﬁ @bdneds magcral tcbﬁﬂnﬁ)nl}} hadBedn rdniered UbBpambal
provides both rigidity to allow the abrasive article to effecti veI y cut the

expdbed Mﬁ@rcaéowrlﬁ@@aam&nw%n el upyZl@e@ﬁ aprgtve shisryaandzspalishingtiad] e
Wl unifg ﬁl%BIifPﬁe%st 8f ttﬁée &Qscﬁgclé!@} étfef A%Cm es;gﬂlssfu PRl tY 1S
i rrportant o achieve desired surface across | re exposed

waf er surthadecly theas pldnaizaioal recess whith e@ﬁ{ﬂbyﬁwﬂﬁl&e giuixpsidnAGhhpedeabrasivee
physi cal praoperties of the subpad) shoul d correspond to the abrasive

article sude onbareipbe fhugyradeclgments| f heahrade prslgeanpiey hafwpliyyef ace
character t f

subpads %?Js%&%ﬁ%%@%m?gﬁé&gél ir edhgrgﬁgrdr%a J%qa%ﬂea&“a‘r hl%lr Clbcﬁ)JIH 1

f oany r ubbedify @ids¢oadtmatesiiest whichanthetwige Sudifac: mha:yrémmal cuﬁnfhesyeb@ld
material. 25, A preferred tw conmponent | am nate subpad having a resilient

pol ycar bonaeidel|figpe theasvfage ebihe dntrumadiats BialRinadsidhe a¢timmef thy abrasive pisls t ed
in US Pat ans used to attach the abrasive
article to t eugsé‘g%%gdﬁpre@gggglltheﬁbragbgaﬁg abrasive article flat and rigid
during pl anarietfoowinghendireftiap) MCraptt@odmmphﬁB@ﬁm&aneusampmedmﬁc&rtam

in the form of filmaor tape). Pressure

sensitive adhesive

sensitive ararﬂé%rbé@és %larlp%reqeareatﬂﬁw 6‘%&%‘6%311%[’ apdy yige formedPyon

| at cr r

ol Shury e iRk Bk & PR R BiARE bf 0P SR ulufioflion. proceys, which
pol yvi nylenmployst  thredt- hmehsloadlllabmhsawmﬁchze§Eherp]dnh:errzatadhmocesess @ﬁ;oglp iRlatdur al
WO 20091Q23387PCT/ US2008/ 069396 r.ubber t hetic rubber, chlorjnated
rubber), nePACKNERS cxmsPGbrces phéhgvaks $o é’iﬂ?ﬁ?? & adphual lt\‘/eofJ rasive

pref erabl | Iongcfrﬁde%rfﬁ@@apgn Byt RRidAGK+ '%@seor dlsPRs @RI AR MfathE ﬁrecl e

usi ng conve t echni ques. Anot her type o ressure sensitive a si ve
coati ng |rao<f1n|g theervafet dndshe abresive mﬂdleSNhlteamamtalmhg contietl N@Grklr'ﬁgTﬂmda)thasr ve

art]j y al so be secured to th bpad srn a hook and | oo
at t hrre w5 e CompEIs e BTdigns hégﬁnﬁeal SPRIS) K RCRRUB AT B Wi ve

article apeetie Hapkse aR Je%vﬁlubﬂ%@ se@dﬂd%@t%hhl"ﬁoﬁﬁ the @&rfmo&sa [N \@ﬁepn the

back side of the abrasive at-tide and | oops on the subpad. Hook and

| oop typenattidamienthesacsve s ther darasm@ametb i FhdJpBnarPatiemtprédess isdop0BudsS1;

5, 254, 194, 505, 747; and PCT 95/ 19242. .The Lse of 10a acuurgspl aten has
been dis dl[ E}y quoqugutqﬁéyrefme he Byakgy somprses at cast one arca of exposed second

material and one area of exposed first material defined herein. Failure to continue the
30 planarization process sufficiently may lead to undesirable bridging of the dielectric by the
conductive material. Continuing the planarization process too far beyond the first

substantially globally planar surface will incur a risk of cutting one or more of the
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The process or nethod of the present disclosure nmay be nodified to optim ze
waf er nodification. The abrasive article may include an optical w ndow or
openi ng tweto@ld2e3ss an operator to | ook through the abrasiws:@sissbe and
view the wafer adjacent the layer formng a plurality of abrasive
conposites. In addition, conventional end-point 15 detection nethods that
allow nonitoring of the wafer polishing process, such as detecting varying
el ect ri calondkivadiney.i ktspeeifioaschacmgpaliraigtod thassegudigateriehzaspmas sloweteie or
drag, or varyin he ise ener at ed. durin anani zation, e used to
opt i s YR Wil Sh e, Gl I bR AR el Y 1 S
conpri si ngatarigllisdaEfdrént i thbr@Bodil FROST BRakcEHINasNE. CRROSshvRSrtidley Hods
whi ch relé upon anal ysis of the effluent from 20 the polishing operation

X

are al so texpesertadiscdosnse Rranddsigngiltth rreduceaeubstabtialdy planag syrfice onTwaleabsence
of | ar anti f free rasi.ve rticl i.n t ef fl nt i ect ed
0o o5 8otk e Manl R I ARGASMESBR L GleE B tiRe W al SR gl TRECL O

such net hoesiveGlcd®t o Pecsaitcdistlssats s desipnddRo8R#2AM 1y soadieh WeSurfed ent

Nos. Re. 34, 425; 5,036, 015; 5,069, 002; 5, 222,329; 5, 244,534; 4,793, 895;

5, 242, 524hess maarideduring @aBuzeden.and 255, 439, 551. Met hods directed
toward produci ni f r . [l.at I ) ] ei ng
pol i shed and 6ﬂg%§¥%§§F?%gﬁgagbgégaéﬁgPﬁ%aﬁ%gféﬁﬁ%%§%§%Q%%%%§§@§§§§%Kfn

U. S. Pat ahitefils nel, idfd b2 8idiited td ditl RBTs abd 28AduBofs, rBspOfvedp i cbertBtut 1628t
5,230, 184; 5,245,790; and 5,562,530, may be adapted for use with the

abr H&i ve et plc disdecgicst prd spedusiars.di 9af gdphadimergooicghpy swthasnaf the mirsent es of
t he waf ery. [e . whi G

nner ont 15 bl Btih Sy B BUARO L b AT R IR GRS

t ext ur ed,th¢ finBaedkamivshdualr dabicasi watgimaskliatoinddilyiedi patioslur fgion

Al t hough the abrasive WO 20091023387PCT/ US2008/ 069396 surface of a

t ext ur ed,oftcHperehel fird At G RAPT Bis Baeond andtesidd obF patisb grap be thshist Brfopialk dui r e
routine i41oni-ng,, wh i.5.0ften d, sl un- d i: i ons,
¢y ad v hERE s e aical o SR Ao hp el 0 oA RRRAR
supés i or dlobdllygllartu siidae dafinkd withneyviecatcthnouar@dstdgpasutcsctdof betghny of

bet ween use by any suitable pad conditioning 5 nethod known in the art.
Vari at i orfB ooy eReOnpdl ) AriBeicsueh ik ?i‘r‘%@égl§fe\%g ARPEHPIEIN Biingelaygr

cont i nuoyg, el Fn h%c% ﬁllépﬂ%ognd Ribakerﬁf i$ NEEPrRAH a‘[”%%@{y' Bint chf\{%”dgg NSEh@m W th

a slurry may al so be enployed by substituting a be or ro textured,

t hr ee- di mtamriecdburédee adithe finalnfabstdtal ydr prioatopthe priitiaticn wdthisi phgnatilzatich, as
described in U S.. Patent No. 5,593,344. Polishing related art such as the
st ruct ur @185t RE hasthodappd @rbaspdiaying markstiah other Sivgy siliean aEHERL iteans
whi do I Y, i i i p i asi ve
A N R T g R ol

t hr ee- di neensinamedodaherms of/the dixfassict dor ofarityhikaowh Sedtmssisiech aSplepadt ragpns,

Condi tions . Vari.abl es which affecgt the fer processi i ncl ude e

sel ect i orfClye %Vécefsepataﬁswi)%afﬁrét ‘é‘%?frﬂ“gcfte\i\%?@% yerMaggw qrﬂléte&,aﬁégersm face
and abrasgjve i gle Y. L1 gri (@ﬁg% i : e | gt ve
noti on bgita\g\e%ﬁt{a%iel lmg?(ieraoz)b@%lggeggrtl% gbmbr afé%%g’a\r(}la)ilczalmg glgﬁgcktrﬁg ?fjow
rate of tdperdprigtei datesdl such afhsdsgee vasiahlsilesn.agatliumtaesedelee maknther arattratsc

sel ect ed based. upon the i ndividual wafer rface. bein rocessed. In
genetal , ké]PWé‘emttﬁ% fE- clgrbaﬁéerrﬂf r?_éﬁ?ﬁ}%n IlﬁYSE stygf@ﬂ% Fl%a{)lgl%ng ngrlﬁg 0% titanium,
sem condugl o, B0 R aiyer L8 BREIEANNICT Ofhct ARIGALY QY hAIuRIdK BXRRGHS L hat

the process will provide a relatively high renoval "rate "of material .

mat eri al tenthlumanieidchowusdibedmenititdel east 100 Angstrons per minute, preferably
at | east 500 strons per mnute, nore preferabl | east 1, 000, Angstrons
er mnute, ar stk coprbiter by | Lpovean i koG ARt of b p e vt Dot some
| NSt ancesfeatlfes MY RSicHLS hiXRll orf BEtal Qﬁoﬁuﬁla%%eusteﬁ? s0€h @8 airdiuRS c8ppdreast
25 2,000 Angstrons per mnute, and even 3,000 or 4,000 Angstrons per

m ndd e. TAhenmum eapper dioyt hergatonasiver cargbidc| Eharagtal dayer defypredilngpplpdrbyt he
machi ne condi.t.ions and the type.qf wafer surface being processed..

ovever , SPOYGGH SRRNUOBHEET Jiealel 281 Briig Rabe |5 HPROG G dt dher he
cut rate ghsled® $&heHCestbs Hatthal of MefP8RcRBhn&ATRS ANitatddng FRstd ed
surface finish and/ or 30topography of the wafer surface The surface
finish of the wafer may be eval uated hysknown nethods. One preferred nethod

is to neasure the Rt value of the wafer surface which provides a WO
20091023387PCT/ US2008/ 069396



measure of "roughness"” and may indicate scratches or other surface defects.
See, for exanple, Chapter 2, RST PLUS Techni cal Reference Manual, Wko
Corp., Tuwean)y/azig7The wafer surface is preferably nodi Predsc@syssbd an Rt
val ue of no greater than about 4,000 Angstrons, nore preferably no greater
than about 2,000 Angstroms, and even nore 5Spreferably no greater than about
500 Angstrons Rt is typically neasured using an interferoneter such
as a WkAVRSI remog | mtoetdﬁerdymtermetph rﬂ@thla‘gel@bct rS@hﬁaWklé @t phscrfm: fqatPENCOR
daror othe (fjefects

fil D
P or oscopyags, Tt BhH af by RN a ufPs SR gL P RS o b S Bssyr

m cr oscopy dstiré
Scratch &ﬂlﬂcl@%ﬁﬁﬁotﬁé’r@@seﬁﬂfeff@feeﬁlﬂ@ﬂﬁ dpe@bliity éﬁd@fﬂnﬁs‘h@h Semiconductoti@vice.
interface pressure between the abrasive artlcle and wafer surface (i.e.,

t he cont act priasgypdditionsl teyfmelam gmpedimenh gnmgHedtis Jgoyided feibmadifvios 84
kPa), pre han abou ut, . 172 7 kP, referably
eadd ¢ har HSe iR PR racohs B AP S s PR BREFAE e
abr asi ve aar tppet dayesed 4 aletdmunﬁtatwﬂl 3¢aphdandcltbirit oxide . esiEién diskédcosur e
provides a good cut rate at an exenplified interface pressure. Also, two or
nore prodéet @geréﬂnanatlwmlawrtqﬁanbaan@t raariply 8€i HHoPY videdes(Sids). B re8e.  For
exanpl e, p I

or eseur & Thakiily RLBRASSH e JGBR e le BORE Sy PR dRl AP dfhup

speeds oflajdieofvéili@n @imtteoas hfsabﬁbr[taﬁilly\/iﬁtaaf ldyet essghslynBythde I\earolvﬁ@ ghyr i ng

t he (gl anarizati on process. 20Wr ki ng Liquids Waf er surface

pr ok SS|H§Wm@1 ﬂ%@§W€ﬁW9@Eﬁﬁﬂh@¥eﬁﬁﬁﬁ the presence of a working Iiquid,

which is selegqg e wafer surface. In sone
appl i cations, %%%eggéﬁ@'ﬁﬂi dﬂﬁlﬁ plca (¥R%b TP%QeS water, this water can
be tap water, ali stiprbedingai ®Vafaf celepiying ad 10t ar first heatowal khanglgl 4 guifacaai ds
processing in caonbination 25 with the abrasive article through a chem cal

mechani c&lchse|te Sihe PpiER e sccony platsaial gerlped@yick higattiagardonRhihsispgage pH

f 4t f
o, g3 (LPoRRELR B SPRLASRL O o8 O (UL b BESL LS o
advant agabeisdcypndidjatesiabd f or partlcular waf er surface materials and CW

processes. For exanple, for moval of surface oxide materials at high
renoval rates,Pthe C[QPFaiCténggélt?e‘ihéHdl Raghalnf thes¥afehdp hbBisecnre Aoinedqyreter abl y
greater thgRg (’#{'l)d %Pbﬁ?ﬁfallgrf?ée%tai%'o& %r%%@r ftm QBOHIElu% Qﬁtet’p&’gh limt
of pH used in“renoval of surface oxide nat eritals 1's genera no ‘greater

t han aboufufft? exipbrihgraabdayt dnegK tdrencrahau?, a']n]i a amﬂtctmt ehqapléfbeffabinyhmthtgtt
10.5. WD 20091023387PCT/ US2008/ 069396 particul arly useful wor Ki ng
liquid i< ar'aqibsdrsdey qestrndngt Ak &e@eleam\gatge@t Y t % PPEriRhiquid

addi | vesn Bt LA A dobkes & B6dide. RitnaPhRliNGr BOCTIRd Gioflal ARAR O
bases), as me conpl exi ng, oxidi zi ng, passi vating agents,

surf act andosnpowiedst ﬁmgd atgealt sabrdsisfef ertgele, r thst thredidimcnsinsal hbilasive aguingposseaps,

or conbi nati ons of t d| tives al so . i ncl uyde agents
whi ch ar COPWESTR P lat! rea@d)ﬁal%at@@aapd deparsecy et bindgr abtet al al | oy

conductors on ¢ he Vt‘@l ﬁ@el?%&ﬁﬁé‘t@%ﬁeﬁ%hﬂé'tﬁé Hifd9maeBHAUS iR SonBASHY #d NI
or conpl exi ng agents. exanpl e, during the chem ca? portion of

pol i shi ngglurtaher v nbiasige Icomppsitaveyntil eactxpasddnsurfuec aufttbe vorfereispabstintiefyer

sur hen during .the nechani cal portiop of 10 processin e abrasive
art§ rPl%PaFé FRMPHIS of et AT} BUEHIOSC Btrdé%atﬁ%tleando%m%a ?fﬂepose

pr OCESSI NGcid AREah surfaces, it is preferred that the working liquid is an
aqueous sol ution which incl udes a chenmical etchant such as an oxi di zi ng
material or ademnothEopaexalmpleeemplagnembbdipehi, shi ngtlod cogpees rEYMECETr when
an OX|d|2|ng 3&¥p in the working liquid reacts with the copper to forma
surface I'8§e? “éi OFper oxi des. The mechanical 15 process occurs when the
abrasive arti Ca! er %ﬂ@%@ﬁlgt DR fR L8 H&ﬁhgeatf FeQéP 1 RendREQE ﬁh't"eﬁélcﬁavm
Alternatively, the nmetal "may first Be renmoved nmechanically and then react
withoi ngrsecfamqttshedntotfhenwmanmmg afblatried material defiohiet ovs et Idasichporitionlof the

addi tives incl u exin ent s C y be .e nts, or pH buffers,
o, ph DG 5 dhacombire Sutd e S At e R RN ST Bl Y H an 20
acidic C%%ﬂ}gemgofm%@n&méﬂl ng agents may functl on in a manner
similar to the oxidizing agents previously described in that the cheni cal
interaction between the conpl exi ng agef§. and the wafer surface creates a

| ayer which is nore readily renoved by the nmechani cal action of the

abrasi ve conposites. When a wafer conprises copper, specific copper
etchants may be used as



25 described in Coonbs, Printed G rcuits Handbook, 4th Ed. Chem cal
etchants typically contain oxidizing agents with or without acids. Suitable
chem cal wochanks3s7ncl ude sul furic acid; hydrogen per oxiPG®/USCaN806I396
chloride; persul fates of ammoni um sodi um and potassium ferric chloride;
chrom c-sul furic acids; potassiumferricyanide; nitric acid, and

conbi nati ons thereof. Exanples of suitable conplexing agents include

al kal i ne anmorida 3@0@@@hnga§h%udmimtummgtgm@xpﬂéhwwaﬁeramhi: uresshEoof g and

ot her annnnlun1sa car bona err nitrate, and
conbi nat Foneo FrERsinE R AE S o RIS L BORR Fap B ind WPl 1 e
treat mentpH ®iffef ekhibAing 4T0dAdti dkeSpK Sereatc¥Veh#009 AP 33&F REThnlISRO GBI BERSI6
addltlves are known to provide an isotropic etch; i.e the same etch rate or
removal rigleding aabasicdpHeadpsing .agent and @y peidis| @nml@an& gent. ord teewerkingg
agen# st I]? ulcpgyyhlg%n gﬁ%@&%t u% 9 8 a%OI\.,lP Ei( Ivrx}gh fjahlt B}i_ﬁgrg tdn?en%{otnlalon

nmet a conp exes SUCH ferrlcyanl NMORI Um ¢ E Y

ferric cidotaiwe, chbeipositescifiké@t @, aﬁmfalsﬂfm befeld, Cﬂf@xaﬂuawlm@mwnlap aﬂdrzisliv’:bt e,
cupric oxalate, cupric gluconate, cupric gl ci nat ¢ cupric tartrate, and
the |i ke RFPOSIGSHOMBHHIZX mhgalatgeﬁtabr@ntwmﬂ%dps yixed gd tdisa@rﬁﬁchﬂreamdﬂfé,
carboxyllzl acid, or conbination of the twd. Nunerous coordinati on conpounds
are described in Cotton & W | ki nson, Advanced | norganic Chem stry, 5th Ed.
Those with oxid@i zi nglapoéle Midvahs thsulifabivRilé ee diblectdiimabiifns af colad iy

nmetal and| or cuprous. oxide could be used, such as coordinati on_conpounds

i nclQdi nd %h%htmf aBRPIYRICOMPOsHE gatbae cxnosehyriacaeil Visdwalers sbatantislyst en.
Ct h f t h
et S bk oL B0, PRGN 5nd L U B0, PELASR! B BLPBRES, AT ! el
8z W i k| r&pased/bdme@derianor ganic Chem stry, 5th Ed. The anions of these

acids typicall y contain halide atons such 15 as: chlorine, brom ne
i odi ne. These TRANE degicalas chemplety embesiment jlis, dielsetsis m%f?ﬂiﬂd?@mp@ﬁ?ﬁgﬁhcoalt ons.

Exanpl es j E{% ous acid (HOCC10);

hypochl or ous "acl %le?)k%%i?ﬁt&%ég?ﬁ égg)&??@%%sod. umsalts thereof. For
exampl e, sgdiati® chl orate, sodi um chI orite, and sodi um hypochl ori te Simlar
brom ne and i odi ne anal ogs are _kno 20For processjng a wafer th

cont ai ns coppdilguie rﬁesca?@ﬁ%%ﬂlédﬂawaa@%nn@pa@@m for mpdifytne Wriers lese%u% |1%I the
hydr ogen S rr

et o arEoTSK dford il PRNERAINNLE THEXBIG Cyarif] oLt shEnfe] Bdoro
Lei dhei semniléln@smhafr@saohmeohla@@pmeeful With caitain TbbdinAdntsayfshis dis8lodyre. Tihés

concentration_of the oxjdizing agent in & onized ter is typically from
about 0. GIPg 8f JuwEaNs w@.wer%wefr@ﬁlam gncpother ey W&}W\%F E<Ht>wn inthe The
OXi g@t | Orhr@ﬁﬂ e St %1 %?lhacfso fooﬁ'@hﬁﬂas&é‘@h}?ﬁesenmnc%& PRy of 'aesuﬁ tion
of conpl exi ng agents I ga or chel'ating agents for copper. ese
corrpoundscoﬁmnerblahyl atvallaiﬂ@@paﬂamsl Bca c@sl® (dhenmsail uhedhahmalobrome@panaamwal or
copper oxi i n. wat escribed in Cotton W | ki nson; and
Hat haway %VHS%;WF%eﬁ)&C@@%(% %Pﬁa?%n%%qen&?mﬁtwev AP smaglings q&on,
Gllard, ves that may be added to or used
in the wor ﬁbgyﬁ?%%ﬁggﬁgﬁ%ﬁﬁgﬁﬁﬁgﬁ%% conpl exi ng agents, such as
amoni a, am nespparahs Sksompses Hedthliid®lsconmactbd ioyd atoes, (ncbtrsihoizva) eShucknii® t he
091023387PCT/ US2008/ 069396 |ike also called Ii Ot her additjves
!t may Bengn et FdoRg o AR CNYPIEQiSEh #ERYEEes ﬁ]ﬂ“%%é%%k ell]ﬁ %ﬁl%w#
agent s, toBLCab lieidibly] Aehalofa@TitRSon: Aol hideR'sBlS IR AOAKLL GiRfl ds.
Suitabl e multidentate am nes | ncl ude et hyl enedi’am ne, diethyl enetriam ne,
triethyl qne‘tlétsrmmdnmedmurfamtﬁnmhanw fAstntiseoretht vadert aflhcb\eewmlthe dertkah®y or
carboxylic 5 acids %Wﬁg{r their. salts incl ude citric acid, tartaric acid,

oxalic adfP%Vanl efs} { PIRPE YTnSMAFIZAUGT: 4 or conbi nations t her eof
Conbi nati ons of; {,B@nl P cHR&@ﬂFﬁt%ﬁr A0S, wa&@ﬁ(ﬁdmé&&eggva@&em

i ncl ude am no aci ds such gl ycine, and common anal ytical chel ating agents
such0 as HDTAueit BY lhedeldo amvneus eluer‘aaﬁeefrpm tecomingrtslpd g driunme g pusccsmed. ohE:.

;?nAgglaf Lgvy]ag’lpl‘sﬁ&aeraltso({emgne Itou gcec:ongn cYaE[) alsep\gg%er ahd %na:;’r ‘tgiel 8} gga%lple circular,

oval, rectangular, square, octagonal, hexagonal, or pentagonal.
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aromatic heterocyclic bases, phenols, am nophenols, oximes, Schiff bases,
and sul fur conpounds Simlarly for processing a wafer that contains
copper, twe 2pevansisred conpl exi ng agents are amoni um hy@coisd@sanado@nmoni um
carbonate. The concentration of the 15conpl exi ng agent in deionized water
is typically fromabout 0.01 to 50% by weight, preferably 0.02 to 40% by
wei ght. Conpl exi ng agents may be conbined with oxidizing agents. O her

sui t abl e conpllaxeng la@@mes, the evaf¢rdhoddpriinclydast twet paats. ammowhtptam@g T(H_QSZ)
and in Lelghels .0f Ti_.n

Copper a Agdiaw fzer IS%RPSO C%r r'Pl?e i COngpr% V}f |b8 n%enf:raﬂg S drcglar ﬁ‘lew%%/ tQha %‘“?71)

e'used in I'ons
because afrod tHeepérigheeeldfemt sféﬁﬁécﬁﬁh@tﬁr WRFESt ameewafth suppdrd ridOfay N
copper surface in contact with a solution is related to the pH of the

sol ut i on fakriged frep opper Boexeleweram S arolpoedans @amof t he copper At | ow pH,
and & t high pl_\'VaPe? BB t3§ fén%so%lgg &)edgf seA il ol %vuatfer% r%g@ 101'1 tly

basit pH, coppéef s passiva op per oxrde coating e coatings

can be CUHcOHSg Pyitida @shivield ogfonalphhg bexd d@araT@pielaesJe rﬂ@}} be agt@pial Riigd to
the art of abrasive 25 surface treatnent, the nature of the surface, i.e.,

metal or heidesB3osn geme dastrnsay evaterdioddar 33 cuil nasfoxisad beyondnwafse 84 swchoihat he
abrast Vv BHBalabne: BEL Ol ORHR) LSNP G SOLULIRR. G20 BB TRRALARL s el !
as additives I'ch act ‘a oS on AR B assivating
agents. Bisidens doy eb@n@déﬁdldt@afbhm wkuhagthblvmihdhdlaeramah I’c(ﬁichtdﬂ %oﬁﬂalctand
thus mtigate pH 30 changes from m nor dilution fromrinse water and/or

di f#@rendhe abfaﬁlﬁ%cm%teilnéwfwfbeﬁ%@ Wigfeeholdergengindyenas th%@i%%?&f‘rrbs&cs qsfs

menti one t a f t. & t t he
coppersurf AgtSve ATRAETHIMALRIEL AT hERRL 23 hEE <SR, A5 4

20091023 3BTREBNISZ2008¢ RO 3%rtbbﬁtf1ﬁﬂ’ﬁorﬁl‘0€ g0 Bk ce bd fethwi atblﬂas$®rmmon>dwrir£gr
post - CMP cl eani ng needs as well as having reduced potential inpurities such
as al kal iP"a¥$8NS. In addition, the nost preferred buffers can be adjusted
to span the p I ‘ng P aci ds
act as buffer SHF He%%@mﬁ(ggéﬂ(gﬁ tq{ngl}gt Iga%] Wgﬁh tr(ligg)iu 1o ét%nalﬁﬂ%ﬁ%%ﬁlg%
hydit®xi deh¢ abrasike aﬁlc&rmmpwm&aaddsﬁed ﬂdsgeye @ﬁrﬁocﬂlﬁeét&mrtedhd’ wpfce SExdrapley/ef
exanpl es incl uding. systens of phosphoric acid-amoni um phosphate;

pol yphosrﬁﬁ&?l?lﬁ%rﬁﬂ%ﬁﬁlﬁﬁ‘?BWB’SP&‘/H%%‘BI%te the boric acid-amoni um
tetraborat e; gqrﬁg

pol yprotic prot oI Yt %{s:étgmﬁ elfel%J %@?ﬁﬁ%g%g%\?}lgﬁpgng%%%ﬁ%ﬁ Jsulzla ' a?BQratuS

pr ef er r echrodResg cnﬁdatlbmlabcmn&mmnheu and die Besiree rways medEidadee drianiat hin

foll owing 10 protol ytes || of which have at |east one pKa greater fhan 7:
aspartic gg@?raf) h@lwmf%rm“@ff‘éih%dera?éoroaafWSnlz?t\aﬁqnd%boui rdp dbPtg, Oqootﬂmbﬁ&wléf

al agy nc, b%E\%én”aﬁyou%% da'Bgut 56(? angsﬁl?éferem@'b eeﬁ‘ra%ﬁ't' Nfro AUt 3'@() nr?m and

cysteine, tyrosine, I pept I ormed fromtwo am no aci
exanpl e, marn@sferbly é)eﬁh'qaﬂptbbde2® ao rabduff rt(aﬂmahanlf nhe avderhhaltiediot@s too
Corrosion_ inhibitors for als are well especially for steel and

gal vani 2PV 0g {asfast, @?Prﬂ%f‘sﬁseéﬁe‘il AT tietn&)arysnol’tgF a&‘BEﬁ?@r are often not covered
in the generaly WHRK 68143 3§ 3h#/8P b 4?&5&%&3{@% abeﬁcu rfegmo%{e ;Pirihion, o
specialized tec ogy. The best known ely use inhibitors for
copper armnbenonmameot, ellgidal fashiole ns vﬁigumeagkrmmammmmitlondmlmnaﬂhﬂes
such_as tolyl rlazol . Copper. is known taq be sonewhat passi.vatcd by cuprous
oxi g% esPRiE; apidgr ’E%ﬁ%f%ilal%ﬂ osLilaP P 2 1RfS ﬁéaﬁﬁs %nﬁa&ml%nsm,%%agphat es
are 20 kr\qmtlbﬂktgﬁﬁ%h\{@ﬂdj@erq)g%gengs for zinc and steel. The addition of

t he passivating agent may protect areas of a netal surface not yet in
contact with tFHe diasasi areclarfor gcewith dm @nmuﬂywmploye)zld@QstmiéOmIrmi\vmetﬁy an

etchant or control how nuch o i di zi en cts sed net al
Surtace. SareSicaral Tl o iy een By Bah Ao Sk oast i, bRTersep R vedh

passi vat i jigu@Senf £50@hm 'n&o?& %%fé&bl%%e%@én%’buﬁ he 1 P60 D, O”Fhé)ébrgﬁ%’%ycle“ n,
and Their 25 Alloys (1971), pp. . The anount and type
pas3Q vat im@y mgzﬁnfoeweleh abetpieﬁntsb I(hO(lﬂalrpm d:j’zplcetiky kheweeneabopt & é&r il D80, lmwfcém teria

Contai n disarteneeas b 350 51 Bt PATrebi ey riy GRS COR el ds prfufet

inhibitors, lubricants, soaps, and the |like. These additives are chosen to
provi de the desired benefit without damagi ng the underlyi ng sem conduct or
waf er surface. A -18-




30 lubricant, for exanple, may be included in the working liquid for the
pur pose of reducing friction between the abrasive article and the

sem conduwwoanowveBmr surface during pl an ari zation. WOPCT/US2008/069396
20091023387PCT/ US2008/ 069396 i norganic particul ates may al so be
included in the working liquid. These inorganic particulates may aid in the
cut rate. Exanples of such inorganic particulates include: silica,

zi rconi a,thatabath i wafdsendtthe ablapigaiagicle eptaty, mctb?: isame slaeetion e Hgweverethaum

nitrate), t i.cat es and L i.um di o he average particle size
of these TH ?%ngirltlll%slgaSIB%rﬁlc%:eu alorqat ImOIEPOS te lre-[ Ra% about 1,000

Angstroms, preftrfiatkficd B@cﬁreérhﬁd& \aﬁemurﬁ@@ 3Ange wa@éf&lo@dw 3r3rq;r@feﬁbgf Soall y

| ess than about 250 Angstrons. Al t hough particul ates may be added to
t he wor klhﬁ?gfqlfitt}@bd flat W@dpm@fOémr & ewrmthgt theqdmreﬁsdegmsvs phrilaaripyticer e of

i norganic e ose Jcle haren

aSSO%I at 64 IGV%C{% Ak %1}3;172%1(\(’:/1%5 ‘évroﬁcg h&ulﬁ%f(éersgﬁﬁ M %r%v(\ior Ki r?glgOVY) Whlg@i 15

cont ai ns ﬂtﬁﬁﬁdttﬂﬁaﬂgliﬁlbnig%mw\&bQﬁt&nfa@r&iﬁé@b\ba&ﬁ @ﬁ&c& BadalktasiVe b)mcwerl 1ght
and nore preferably 0% by vvelg i norgani c particul ates. One suitable
&P

wor ki ng 'Which & @@ t@é@sea%h iefRyredghaftduriag phatiatizationgherg data coasistenhi c

wni gt parti ot RS NolRhl Q0RO E e SRR obBIEhe AN TR SRRBIY o 5o
(NHLI) 3 Gutfeed. eTAS lighid Qovt Yatd -wilbdpzad id paolpon Tepdasatd planhﬁ@t@ﬁldm‘rmrcan i's

used for poI i Shl&% afp per wafers. Another suitable working ak?lrd corrprl ses
an i di AFwgratsgewiaceAimisepml Dlanwity), ﬁ%%ﬁ@%@lawa&géﬁnsmu% aad 5paged

sol ution t t % r d 0 5%
phosphor T FAERBtS, e BBl AR FEP comfialin iKY 2RE" BELE TR LT

wat er . 2GhitlilttRehinarpprdatblgns) td 600 anﬁﬂi}ﬁérgfntdnﬁe r giobvaiveaf albout @§i @e250
material (e.g. silicon dioxide) fromthe wafer surface, it is presently

pr ef er r edHEeTsSiABU Ko ki ng liquid is an aqueous sol uti on whi ch | ncl udes one
or nore of a t n r (e.qg.
a strong aci dﬁg{} a{s{% ﬂélﬁ fﬁg %E%C%Fsugg%% (\%\lggkgbgistggoa??%ged%rac F?ﬁgy

agend (e.sgcurad ¢dnenbmdl43a@ﬁrch bl ema @,hgtoat psd 1f(ﬁ th@l’abfa@fvl&fsarﬁcle helmpaal th'eorrpl ex

25w t h, anot her chem cal species in sone

appl i cat i’9hRad govidse ety weidity éo ﬁ%%\;%fr a'affmae aﬂ@ﬂf‘e@t fr‘fif%tl(v%lygut e oprers

mat er ! al V?aﬁglhsﬂﬁlcé 'ahd & gh@(?ﬂlt?/es?wlfl bR a',solll{t @ecﬁtlg@%lﬂ 1@9&0 ccﬂlfM o er

mat eri al an|tr| mat er as silicon Ritri I'S presently
pr ef er r edht oxposed avrafaq;uﬁ”@m §3013 ubmformaijlh@ iplinpaoirftére ito acliiprd & dmyred shefséec pH
adj usting. agent paired with an acjdic_conplcxing 30 agent, an

rs]u(rjf actg {nIShTaEos 8¢ S0ty XAt YHE HyESE FaYS-HBC shigep Hlefna&#ﬁué%rwabpadneg al
e g ey YL ) a6 bty g 0o

ine earth neta I'cium
nagnesi urthzlttyhhs abxhglec aftialel provide PO d8NAA3REURUTTLISZROBNAGIBO Ceub yde,oxifae  and
the |ike) nmroni. um hydr oxi de, and m xtures thereof. In sone exenplary
embodi mer{nis ﬁ’éifﬂ%&atr &)pH adj usting agent is generally present in an anount
sufficient to %@,e I t , r er.ably
greater than a%md © Slﬁ)r[?g Pgrrg%(}e;?rg&lg??er&%gﬁan a%(%)rtljatq Sl%ma%d%eg%eélgl |y
no great qmlstrha*n: fabmu tubb2r, apai pfastiakiegtihegisd ﬁlbhalvpa&ilma;t bd 4 corapabitemnaerial.

pre$ rably I han about 1 g aci di c ent IS
preter abl‘y P& ?ﬁﬁ? e FRTBRICHE fogliRate SR jﬁaﬁ’@lge?gré’ 16“ agf?%ﬁ raBiTyAngid | east
one of anAMAanR Elu%tha'?heqbﬂﬁ@eweg?s Ifeﬂér'i@l%fd Qniba%htm B%oagig. Suitable

am no acids 1 ncl u?g al anine, proline,” glycine, histidine, 1ysine, arginine,
orni t hene, cys”ﬂm megnstysedso IaEtaChathld aboasbicnaticlorts thhsutgpafl p@efprabf}ehmléd theci di ¢

mul ti dent 10 co exin nt i s, the am nQ, aci nore preferably
b o § nbterie BB SBies i BB 2o b ortbr AT LBt vunt
from abmﬂres@m%o/%é%l‘ﬂv@' acﬂ%eswep%g rlh Y Rh K 2 Hased: Qgpet) hePI‘%’Qé’ulfé @gndlﬁx%u' d),

nmore preferably at |east about 1% ww, even nore preferably at |east about
2% 39 w, adbcsrost sptablcefoabthis plrpoate Ricbfewihose bmdd genéaten Icyepnorcrmr eactrylam

about 5% w/ w, m)r e er abl re.than 4%
5ot ef o ABITEGEd: FaRb L B oD A o AeTPHAEIER: EHE hoFRYhg
liquid. cthers (e.g., polyvinyl n-butyl ether), alkyd adhesives, rubber adhesives (c.g., natural
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The surfactant is generally a water soluble surfactant, with nonionic
surfactants being preferred. Generally, the nonionic surfactant exhibits a
cal cul at estohyavpds| el i pophil e bal ance (i.e., HLB), cal edgiratseadsmsisvhe
wei ght percent of hydrophile in the surfactant nol ecul e divided by 5, of at
| east about 4, nore preferably at |east about 6, even 20 nore preferably at
| east about 8, and nost preferably at |east about 10. The calculated HLB is
gener al | y‘uhbﬁrgs’y@éhe@ﬁ rglivgn chprinpiedgubher b givd gilxeres dhereafe Thgmiessurgnensiteve

fl uoroche sur t ha the.s rf ant ul e co |ses one
or "or & TR0 e B nitaBH o feecLie? e Bk Sl TR o BB
sel ect ed dohOghtidnkhll RE@iquRs] rmﬁc»the?f&y?é o0 hedssiat u@mﬁlnast @dhe'siwé% fsyfuﬁhgrohol
et hoxyl ate, a branched secondar cohol ethoxyl ate, an octyl phenol

et hoxy! atiustestedadi.§| ]é%ﬁiﬂél‘{ﬂ |5rié|157991 cohol ethoxylate, an acetylenic primry
di - . ?# cohol et Xeyabfrjla ?Ve a‘%& kana?s dbe %Cﬁ%ﬁq the sulgé ({ OXP{ athgr y ndalfo%s t(at hyl ene
oxi de- propyl ene oxi de ran hol v o 6B P& i COporynert st er,

and m xt wt@shrhe seaém. @aeqxfoepl faerc fnhsa be@ﬁltmb&kswefomm@mramwarbeleraheslﬁsnt in
the working liquid 30 in an anount of at |east about 0.025% w w, nore

pr ef er ablhpoks on dbgs submpdutAlroBen Wie eaks mar be pn dhepbaghl S}dﬁa%me aprasygan w.

The upper n

goner af |y b e b SEbRThLSRETRN A 80y b’ BFeBLEDfalt A tpbited
20091023387P§Wdt52@®c&/ 0603386105, 294, 1Ways, 5@\56’217;rmfdeP(DT @V@r%bll%zmt Thoste a@bout
0. 2% based on the wej ht of the workin uid. In certain preferred

enb & mﬁ%ﬂcu@mélaémh?éd%eﬁ%ﬂlsﬁlﬁ?edd@%s ?é?ﬂt 5859é&46ent ration of at |east
e ot i G eaRbRIdofl (D oRPAsIR BLERLShOdNAD S OBHL] Ve
times the critic mcele concentration. n xenpl ary pres

pr ef er r edvafsibmdiifiebtion. t Mee whakivagrticlatiag gy irs@stical hagio @i-b@dmgsﬂmmg
agent such as ammoni um hydroxi de in an anount sufficient to produce a pH
from aboitloss 3111001%%%9& t0| ookathroaéh dhcalrasipt astickgandyEisty digctpfas a‘!la‘iﬂnb hene in

an amount;, fr.oi).ab S t d,
and surf ac’%egnt su% s an e fthgoggﬁw#tcdég% co oﬁﬁ(%ﬁét? eclrag}létl}fo&lol?‘ém ]gﬁi#
aval$ abl eletacdon Bathdds etmt adbw Goonitotid lod tienatafebolishingaproadsesiich fas detcetput

0. 05% w/ vv- to about 1% w w based on the wei ght working |iquid. In
certain eXEYRE shyiisaheRATRRipHssiCS pﬁéheswbns%t@amrymg @@qhéewéhtoweb@ grag, or
fluor ochgygz';ﬁ t XSSP ant
is selecte ﬁ%t é(;{l(fz)ilgér‘\]so oﬁalt%:d](silglﬁke‘éltagnt Bﬁld1¥l tﬁgg \c}%F{?ng I?E%ﬁgétb%sgﬁg
addi t i onahétitod nafl ntlcbeshsc/hiseu'e u&n@Sahﬂ@shyele&ﬁ&lemlopm-pnsmgd aaplnlmlftﬁrofcohmei si ng

a basic pH adj ustl ng agent and an aci di c .conpl exi ng agent

enbodi nerﬂl%lenst“ﬁ%" pPEpiaF ceyPpifcraMatio d@é’ﬁ‘éP%mX/ uP‘PIbﬁﬁlaé:b%wf tﬁete U&i’BbePle
The,@nou e
roraval ore PRI HREHCfire LAGL ARG Bt RS et fe Bl ik
i nst ancesibsdrve o€ ailargs ghditey efifre@fbrhsigqupattiticom thheffhast & evpedtedry dimglifyd

and/ or the chem cal etchan wever, in so i.nstances it is preferred to
have a se@&&%&nﬁlwaa.aaldpwé@& e an@ﬁéﬁf‘ppa?fa '%Ef-‘ﬂlweﬁwgrsmglq@dédd ¥5hon to

the T1rstpliRbd] ig Jhkﬂ%ék T BPSSAO09 dhly AYlsd iRk ot K2, 3858 o) b au d

fromther?lrst i qui or it may erent. lee rasive Article
25The fi xe@h%M2ash 222,a29;i 61244584 praeTP8r &3l y5.2éhG24;as123A368e. 9005, 1640 dridced
abr asi ve %qude shoul d be able to conplete at | east two, preferably at
| ea 9 referably at |east 20, and nost preferably at |east 30,

differ ent war &yiSthodd? Slr@é?é@%vya?d %’fédu@ % RN rRORER Bre a%%( 'tH%gsurf%@é BB e

particles are dispersed in a der to formtextured and three-di nensional
abr asi ve abgmpbsmgqmlmﬁudcdndammcfosxelm swuathiee o€ dthe mhsbmugq:ad etsahsa:ukmd kn AgS.

opt? onally oo REs 3000565, 8PIAS0 S AudeS, 829958404788 £ £30MRYS 5343588 2t ©

backi ng.
and 5,562,530, may be adapted for use with the abrasive articles of the present disclosure..

30 Conventional structures of the wafer carrier and the wafer support/attachment means
which do not inherently depend on a particular abrasive surface may be used with the

textured, three-dimensional abrasive composites of this disclosure. Although the abrasive

220-



In sone exenpl ary enbodi nents, the fixed abrasive article conprises a
surfactant coated on the surface a surface of the fixed abrasive article.

I n cert aiwoex@npbmsry WO 20091023387PCT/ US2008/ 069396 entpoadiusesismsosdhe fi xed
abrasive art de includes a plurality of three-dinensional abrasive
conposites fixed to an abrasive article, the three-di nensional abrasive
conposites conprising a plurality of abrasive particles fixed and di spersed
in a bi nderfacapntl aatesturqdaélnraﬁdlrnﬁ@mgleabr@ﬁvatcomea@te éoqsmqng@ner@ﬂy degWre ace
Of the thI‘Bete edl gl?ﬁgts I‘ﬁna W. ICE1a1s \ Il5cl% ﬁh U mglnafaons 1 dlaFI Onal
exenpl ary enbod LN 6d° 0t 5 gp |ng a%1%¥§? BP Ve r ' &

I ncl udi nGidRarsbigdod, Feyatcoﬁwlom11 diesedltd provide @ madified Sudriod iMBhI&urfale &

chem cal mechani cal polishing process includes: a. providing a fixed

abr asi ve tarf@m@veeammw%e%dmﬂsﬁ&é@ﬂ%ﬁlpb%fﬁﬁg uge by amaSultapleopadlwpndltlomng

t hr eg- di br v fix bra |ve ar

t hr ei di %ﬁg?% %%?Wgﬁlll gﬁ 1% C\(?ar a 1on% %% the w%ger é)?ananzﬁ Ul? FeStS Wﬁl?h gﬁ]llp Ogli ve
parti cl esithtxedomidodd B&edslsae@hppm_y ﬁblbd)ﬂls(ﬂl@ét,pab m&¥PLSH @anhhﬁlosluxffifﬂ@-@@hﬁ@ a
surfactant solution in a solvent; c. drying the fixed abrasive article to
renpve atmiedse bacpployrdhy é‘ibstlwélng@lh?&rﬂf rol} gf teatuaesl; threg-dinprgsiwnalodrasies of
surfact ant i f i onal
enbodlneﬁin&%g%%M&Fgégp@??8&£‘&ﬂk%'1%H§ & &%gﬁg¥%?ﬁgng%% gR@n§P@3§H%arget
pol i shi ngpolighiagi sclgbd airbesichang thbestﬁiﬂtllréhbflghé atvefck hedrgiaf taad KRB dTsr

Wi thin about 200 km n of the target pollshlng rate, when the fixed abrasive
art Q1 e issPpEAttachMSBl ey vich Ao ngt smergatier depgrd MWean ipfsrastpen | with g
exenpl ary i t n

vater) pFERER DAL shOE R BE AR URC IR FRR: SOHEThe sBiefiedy) | o
a m xt ur ehek- Memow&aﬁﬂdc@nmﬁtagumwlmmwmt (e.g. ethanol and water).
The abrasive article should preferably provide a good cut rate.
Additionéﬁ%ﬁﬂﬁﬁdélﬁﬁﬁé§ive article is preferably capable of yielding a

sem conduct or h g 4 S C

m ni mal di shi n\‘é@raﬁ e %ﬁ%rl a Cquegg‘lg]?%% ré%(%t%@g ﬁ?gﬁfédﬁ%r %(e:lggﬂg&ltsjrsbefgﬁ%o make
t helsbr asipp®paiate @hecaplesiund betaneethsheifbesurface Bad abragseaticld, epeafaigaidret .

In the abrasive articles used in the inventive nethods descrjbed herein,

the abr adN§HURoFRI¥ECt Weehrrd Telpwemgtion hgﬁ“@ﬁmthe ¥3ER suHage pmbis abrwive

NUMer ous a?tt?élé‘sdn‘dethgfl‘fow Fa'tggfrtlﬂérl G R a%lan%E takeoﬂlté?fjeﬂeﬁﬁe&t hé,rﬁik”ess

of the abrasive article raS|ve artic has a
associ at edle véledied based upon the indisidaal "viateit surfack beabg piceedir ticl e. Th| s can be
seen with reference }o the abrasive articles illustrated in

In general, since there can be numerous process steps for a single semiconductor

20 wafer, the semiconductor fabrication industry expects that the process will provide a
relatively high removal rate of material. The material cut rate should be at least
100 Angstroms per minute, preferably at least 500 Angstroms per minute, more preferably
at least 1,000 Angstroms per minute, and most preferably at least 1500 Angstroms per
minute. In some instances, it may be desirable for the cut rate to be as high as at least
25 2,000 Angstroms per minute, and even 3,000 or 4,000 Angstroms per minute. The cut rate
of the abrasive article may vary depending upon the machine conditions and the type of
wafer surface being processed.
However, although it is generally desirable to have a high cut rate, the cut rate
must be selected such that it does not compromise the desired surface finish and/or
30 topography of the wafer surface.
The surface finish of the wafer may be evaluated by known methods. One

preferred method is to measure the Rt value of the wafer surface which provides a
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WD 20091023387PCT/ US2008/ 069396 Figure 4 and descri bed above, in which the
pyram d- shaped conposites are the raised portions and in which the vall eys
bet ween twWe 2pywesisds are the recessed portions. Tire TrUsc@s®eadIporti ons
may act as channels to help distribute the working liquid over the entire
waf er surface. The recessed portions may al so act as channels to help 5
renove the worn abrasive particles and other debris fromthe wafer and

abr asi ve ragasig] @f imenghricat eandTiay rindieats edrasdics jos resharespriars defgeiey ebre, tiore

phenomenaon_kn in the,art wstictigne. 11  the iye c osite,is
e e T PRl 9 R ST 135 oG B fererc Nl RGER] E8f P ERG) 57

become | oflgedaRgainsde & refrbsr madiffedcs. yifidnal Ry valuB&f mecassed thaardbbens
allow a higher unit pressure on the raised portions of the abrasive article

and, thushd@hangstiomsesogrmprsicsaiie np gecasdstha ahoupaOP9 Angstrdmp ind KecTabBPES| ve
surface JndeROSE NG ARLABLNSORNILGLES. The abrasive article of
t he di sclposureymaygrbe circurar irn"skape, 'e.g., in the formof an abrasive

di sc. The out ekt RAgPRaly héiBuelrGitgaen dhtcaBontetd Sehadsea PV eke R PLEIROOL h
or, alternatively, may be scalloped. The abrasive article nay also be in

t he for mlaterigrpresien mywchpsedffroanyWilke ginal ors AapENEGHh naefilopickaiguiSaratch
square, rgct , I e t] he S| artijicle may
e nererar drah bl fe s by, BulohOR hfFbsng "RANR USRIy B T
provi ded rhénstifed byprammit Rrécohlicrobaoply Caltitohehmt eféct drek nsubfacesabicabighy art
as abrasive tape rolls. In general, the abrasive tape rolls will be indexed
dur ihg t HesEHUe-f i cati on process. The abrasive article may be perforated to
provi de openi e L\v.e i Ng.: r e i

et t he. pasalgn GReP by aRtaRCaiait: AN sltt®pRgE (Y,

Backi ng contact flResui@d)r 8y piealdy tase ilennaypui B0 Ipsid@bauto2@k8ngPa)l préfsraplivelesy r ed
that the backin%fbe ver% uniformin thickness. If the backinﬂ%is not

suf fi ci erfhaty aboHtr By el (FoPH; Eldhek &Pah raetsapreferady Jeisi th [abeyt [+ Peheabaul er

uni formt syl var | e | . i I this
pur pose, 1?()321? ﬁ%fﬁg%%%% Ré;fnl @iﬁo&%%d%%?%@g@sg%%glg I%l?%lcg}snatthggt?e l&g&rdgak&rcrgrfi Ee i gid.
Exanpl es tofthé Ipexseit! discbsuas ipyaid ok pows citnatauatearp exgnifified ihidrfice prdssmed.
polymeric film netal foil, cloth, paper, vulcanized fiber, nonwovens and
treated VP ROTIRYIEPHICCHNE UMY IEHS 2idEgFtiondyacsss BREMEaded v of

backi ng i ol,y [ LJd: I C Ll pncl o ter
i, por Do TR ialelifl <ERER ARy R U Rl FRerh 08 SR pdE o
pol yi m desctdrdmprocemingastigthent. i Rogtiopadngdviranglatiahdadpotdst of the, walot wpd/opyticene
film polyethylene film and the like. The thickness of the polyneric film
backi ng GERSFEIANCINEISo DRy R2358T Hera8s lgrted 99808 es bet ween about 20
to 000 Wi,A&L f& preferably between 50 to 500 microneters and nore
pre erabl'\ghb‘é%ﬁjgo to 200 m croneters. There shoul d al so be good
adhesi on bet we®afet herfpal yprecdsmgef isl prefeeadbky ngndarectdt inethbiprekence bfi anmonking
i nstances, aprasive conposite coated surface.of polyneric fjilmhbacking is 5
pri med t&lquIFEr%%hdaﬁé@PfSa.ba ua?qﬁlﬁrC%pO%l%Pgéh%M%{c%ﬂ Ft-erlBt5081 or
appl i catiop;iofiofs SHEWdrRIng !X QBB colARY BRcR! AL LRE Btk SR RRS
i nclude c ?ﬁialot ?’ea?%cﬁ't : gU\?Ql?dr gﬂléﬁ%ﬁtfo I ecAt sj%ne ’bezlslrjngvttr%eg%:1 nlg%lt 1}?‘}\1&;&?@
t r eat mentdigtiidd seatéf ondeivmized ovagas eTlicheogungd diqeidasiéa prdexssingy mscafibination
chepmical -t prinmers i.nclude pol yviny|]idene, chlorides and ethyl epne acrylic
aci copoW%§bF@bV&%%_ CitoueRR bk mn%hangzaife@}% PTBB‘FSPpitTngIcaHY the
di spersi Qpsyiih MR Lafitdh b SFroralignd. ch&i@@ﬁplﬁ%ﬁén@g%ﬁé%ﬂﬁ#‘l@ﬁiytl}’eoe
materials reported in U S .~ Patent

preferred, for example, greater than 7 to about 11. The pH of the working liquid may be

advantageously adjusted for particular wafer surface materials and CMP processes. For
example, for removal of surface oxide materials at high removal rates, the pH is generally
30 no less than about 7, more preferably greater than about 8, most preferably greater than
about 9. The upper limit of pH used in removal of surface oxide materials is generally no

greater than about 12, preferably less than about 11, and more preferably about 10.5.
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No. 4,749, 617. Sui tabl e alternative backings include an enbossed
polyneric film(e.g., a polyester, polyurethane, polycarbonate, polyam de,
pol ypr opyweregs/ms3spol yet hyl ene film or enbossed cel | ul esirasb@sksasgs (e. g.
paper or other nonwoven cellulosic material). The 15 enbossed backi ng may
al so be lamnated to a non-enbossed material to formthe backing. The
enbossed pattern can be any texture. For exanple, the pattern can be in the
form of frustude @ﬁrtlepllaelyelssefqbywermrms 11q1t11ﬁ1u1rﬁc®1 eduqeys ud@n t@etneylud@wes

bl ocks, r.ods (pl exa arJ ays

b
ri dges, or' | %’t?l cfe 1reml atcfdk[lve<§gll S%lt 055| 1\éestlo lﬁi\sl%ralgﬁétl%g Hé (Sig e tr| C

shapes sq;abesas asD vk e3IMEis ca%mtiﬂgero@a&ﬁgn@rrlpaembaﬁi@ BEenR YsuafaStane \@tﬁ@aned
backi ng, e.g., pol yneric foam such as a pol yurethane foam It is within

t he scopeag@ms;c hu&erai 5@t ashibsonso lubpishytst peapabpasPeinesapoof tteesdi #dsitivey. t o
t he front of,.th abrasiyve .S d|r tly
bond%d toA‘?#{éV%? u aﬁ' %1150 %luﬁgsggg%wﬁécﬁs |r? Ere\flgtlad eglﬂ\lleese%glga)%é{eﬁlgl erff’yaft gl[Co t he
nonabr aSldthe&aldﬂlo9fcoﬁdllﬁbt&5 on Blackifgsurfte siitesukidiziaghetiding paddiesingeocan be
coated directly onto the back surface of the backing. Aternatively, the
pressur e OBGENS/ELCABhesi ve can be a transfer tape that is laninated to the
back surface t C e | r oam
substrate canq{% %}gm ??a? luﬂg% Q{]ﬁ@&ﬁack]lgor{g.gg raoglgl%/&elg Ptgr tv?%(%?ul dl'%[1

abr asi ve re@iipoisi HeRSoepr egsadmasirverfed.t mhkesiuaing tikc Bicokkarical Pogidal sder
fixes abrasive particles to an abrasive at-tide so that during the wafer
nodi9 i catiresesyreciBs abrasiye aticla snayercppvetthigasaciion mspduct adior yxamplasdwieat e
fromthe [ abr as 0910, 8 96
parti cl esﬁgg%%yﬁ?%%gngéﬁ%osﬁ% gesdlthg%e r\ségé'y@ t%?%‘gljeb@%@ ﬁlrgp E&‘/“ % gagné%f@@% y the
abr asi ve spaitioholigish ifeyudes anchiknticiiegdaeosish s dinspedisiig. mdibdalt @r dgentdi Bper sed”
refers to the abrasive particles being distrjbuted throughout the binder.

It is gerfépapley chinuedy ing At COMPST BIY RSFW eV iraran Q€SB ZHY 1B Jrneeiisngy

di sperse r S

consi st eﬂtq%gr)%}déa?{s C\Iéllta? (t:#le p;bg(Ezlle{s%)gfot?llj?l aa§lhr¥lal%e q%?etr ?% ?ﬁé %\é('}(%rgeflﬁlr?lniﬁ%&lamfc

sur taces,pro¢aseocdutawhyrethpabtdsplcastide ecrpsveb ehns ﬁdatal'Bliﬁie&‘ntﬁﬁ dgewplar tur€ce. si ze
of the abrasive particles may range from about 0.001 to 50 m croneters,

typi cal | y» lﬁf‘é?%e@fv othgy fsted omay chigs eerremomd incchrasally @ndt hap tRe aUlr age
particle; hl%ﬁt% Ith@qV@rp tﬂlﬁ mcroneters, nore preferably I ess than about
3 mcromet 0" ' ‘$one s nstances t he average particle is about 0.5

m cronet ers orOtwemcib ahitmidaBadditores it wtescomphexipaadent| e@hithzeayobe ¢tbleants

abr asi ve partlcle isty 1y measured by the Iongest di nensmn of the
abr asi ve P peifes, ¢8 aﬁ%@f%ﬁhﬁt Comprase h bec wH) 40BEng aggiy @2ppd with an

di shg i but i t the
par t) ol o ‘SR CmBEKib HREnC! PRS, cbMpRRTE (easREGRkke! i 2PRPRS FRUATE g
abr asi ve the tokalizang rageitsl @scvaoustyr eskhibed s itlsdt eh¢ chemicalk entéracticmhbawetheéhonaf er .

The abr asi ve articles y also b resent in the form of abr asi ve
aggl oner &P b B ° et wrlas Pl}’?aﬁeﬁél%’ébl"vélﬂf%‘rléﬂ%)r?rﬁ%f‘ s e dtyget her

by an agg h@ﬁEEl"[’Jn?caph&Qﬁroftﬂ 5&5@%6@0&&4 he abrasive particles may bond
0

together by inter particle attracti orces. Exanpl es of suitable abrasive

parti cles | nclWhen faisederakcomprisem cofipde, sjvedic togat edcl2tsaimayi banusodi ae,
£§ fus le n moxi e, po ous, u 'na N nmy on EI nas, .zi.yconi a,

ti n“Oxi an ' 4 (hemirab gtclpts dﬁ?lcad rived

abr asi Ve d%ﬁ{a‘iﬂ %'xﬁﬁzmg h% cfids U\R}ltﬂaorat%z'itﬁéﬁtv%l@éf {415 aBlcTBYenGOA)t &kRarfs TR Oxi de
nmodi fier. | es of al um na-based sot gel derived abrasive particles can

be found SIutfutﬂc 301dPhychrngeﬂ\paox1d¢Sdl@;rﬁxmorm,eﬁﬁasm&tcs df adhpBiDRY, sddiviiOarsi71;
and 4, 881p0?215s:sl'1um ferric chloride; chromic-sulfuric acids; potassium ferricyanide; nitric acid, and
combinations therecof. Examples of suitable complexing agents include alkaline ammonia
30 such as ammonium hydroxide with ammonium chloride and other ammonium salts and
additives, ammonium carbonate, ferric nitrate, and combinations thercof. Numerous

additives can be added for stability, surface treatment, or etch rate modifiers. Some
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25For wafer surfaces that contain alumnum the preferred abrasive
particles are al pha alum na, chi alum na, and other transition al um nas.
For sem cwoduewmsssmaf ers that contain copper, the prefercedsaimsasive
particles are al pha alum na. The al pha al um na abrasive particles can be
fused al um num oxi de abrasive particles. A preferred formof fine al pha
alum na particles is fine al pha alum na particles having internal porosity.
30 Por ousrdditiyss atg kpawnite peayida @ s9seRiakicy; forthe daby clebaate 9g rangpet s in
transitioarﬂ(ﬁle%giﬂla particle for a brief period of time at a tenperature at
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20The abrasive conposite may optionally contain filler particles. The
filler may alter the erodibility of the abrasive conposite. In sone
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The bi nder precursor is preferably a curable organic material (i.e., a
pol ynmer or material capable of polynerizing andlor crosslinking upon
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10 copolyners, styrene-isoprene-styrene bl ock copol yners, acetal polyners,
pol yvi nyl chloride and conbi nati ons thereof. Wat er - sol ubl e bi nder
precur sorwoapeymsms’l y bl ended with a thernosetting resi RCHAB28/065306 .
Exanpl es of water-sol ubl e binder precursors include polyvinyl alcohol, hide
gl ue, or water-soluble cellulose ethers such as hydroxypropyl net hyl

cel lul ose, nethyl 15cellul ose or hydroxyethyl nmethyl cellul ose. These

bi nders drydraxegopnetheilke)) agmeauadty dxidy apd Brxtgers ¢iBueddz dn ¢pme exgmplary

The abrasj ve conposi tes. tional ly. include a plasticizer. | engr al ,
(he add; araEROr e SESTRE s SR Rty s EGUlS R Bg iy 2L

abr asi ve qbedip@SpH geadtdllp abtieR thine abyaralhordipieferabGoReRt thadNabolin 85 AIFEt

i nstances, the plasticizer will act as a diluent for 20 the bi nder

pr ecur sorPreferdly Beester dhanezbous Spped gengstlly aempeatirhen aher 12h erdfemabler lesso

m nim ze phase aration,. l,es .of i table plasticizers include
poIyglhyﬁg%%36W§ggﬁ?aggngﬁﬁ%%ﬁgﬁ?%}@1éﬁgﬂﬁggtyl pht hal ate, al kyl benzyl

pht hal at e, polThé &¥dic as@plakidg apEhHY prefdrablly aahiglkideetladidds corgsit eihg ag&it] | cone
oils, adipate and sebacatc esters, polyols, polyols derivatives, )

t - but yl pHeergIprefersihbnaf lcpth e8pRALR aming eideyk dirtpsan farercd dexm gn aplino agd.

conbi nat iQps.i.h f. P a rivative I ne. type pref.erred

pl asti ci zs(ew%me it IarcﬁﬁhﬁeH C@gdseetag‘fl Q%E rp(fgfriﬁeprglgglrn g’o?%&é%rynegal %1{;1%,9 agél 1>I/1F’en

cal Iy unsahitticat 6l st ipdosSinaNghdoddrlsin®@ionhs tRabyiTeAi prafeirod atidid maltlestaty be
used. Exanpl es i ncl ude organi c peroxides, azo compounds, qui nones, nitroso
conpdundCOTBESHINg aRFH ei§ | thayapiag cirdd Prafiee apfre REeleHObh dsprob)e-y| Themacidic
conpounds, | m . i.azi: . in, i -al t:hers,
diketoneé?ngﬁ%% %%§§gﬁ§ﬁ%§p8&%% ﬁ@%@%?gﬁ S#EFBQES%R%3W§§%%é%§%ﬁﬁégbiaIIy
avai | abl eycightttradyd oh elic aotkivaligdld ) iadroipiéftiablyostsedrdBoitrigd enamesersmofe as

"I RGACURE 651" and "I RGACURE 184", commercially available fromthe C ba

Gei gy Coriselsiabbngt lvest 2bod 280 3387 pdmmesaueieraboset 2 BARnCyRend geerally no

cCommer Ci i of T [ Sl |4 - i
photoin:?#%¥o€MﬁQ%BPL§/fP§ éNﬁ%%émﬁﬁggggngHE%%R#QEg%ﬁ&%@?%&?&ggggyfghle
from G bagréRiayyy Eanthamybouts dnplvebasell oauwhd abight ofl the bloekihg thdidact i vat ed

initiators are reported in U S. Patent No. 4,735,632. 5A suitable initiator
syst em may i ncl \SdBIrRCERbiHERNE Wi & eratamepiuble srAictand WHBIGBIRE syrstantay

have car ﬁ%g?gop%gm UenbRIY! Y nSbLML QLQURR: QJ;hiH}'tg(taU{)a‘%anétQ rhﬁ,g{]og}lile-

Preferre ensitizers having carbonyl groups are benzophe

acet ophergoghilbdakinte (benzHlRiehyttalatal ahlthe olgiz apaedny de, hyxdaoplitene, the
t hi oxant hone, 9, 10-ant hr aqui_none,  or other aromati ¢ ketones. Preferred
phot osensittipgantanglseyls Sth@fithYawf ahfepd gboytd Wﬁ%?l}?g‘flr%hllé%lﬁﬁ% AP e cven

et hyg di etrﬁ@ﬂ@?g?ﬁﬁl}%’e af fehﬁta!ﬁ%gpn%%fea%ﬂgnlglmt?}%ﬂbg%{'}élaétee{bgﬂp?(*).a.':fih@ SalcBlated

di met hyl am n nzoat e. aval e photosensitizers 1 nclude
" QUANTI CUREB | iEXgenct4OyANG | gidiEr @at' 20" QUANSInGUREbBdXients, QUANSUIEkRRt EHPR' from
Bi ddl e Sﬁ*yer Cor, Lntgeneral, th? anount of photosenshtizer or
phot oi ni tiFUer e@@/@% SYREAREAN By iS £ g irfectans (RRICQRI QIR ISED 9B )T MOFGHEO Hor e
preferably, fromO0.25 to 4.0% by wei ght of the conponents of the binder
precursor. Additionally, it is preferred to disperse (preferably
uni form y) théllienndniatiorsuifacthitemby rodesdvpntegeouskyr sdbetal Gomdalilineanpofagny
such as, the nd/or fille

parficul ate terial, %§L$Si e particles
parﬁ ol eglcoBgl Pl & facopdirprdrdidle honlfte: He PEis sprasls dlcopel
exposed te@hcfx%ﬁdt@;t LPTHRAH DY) ethoxylate, an acetylenic primary alcohol ethoxylate, an
acetylenic primary di-alcohol ethoxylate, an alkane di-alcohol, a hydroxyl-terminated
ethylene oxide-propylene oxide random copolymer, a fluoroaliphatic polymeric ester, and
mixtures thereof. Generally, the nonionic surfactant may be present in the working liquid
30 in an amount of at least about 0.025% w/w, more preferably at least about 0.05% w/w,

even more preferably about 0.1% w/w. The upper limit of surfactant concentration in the

working liquid is generally at most about 1% w/w, more preferably at most about
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preferably ultraviolet light or visible Iight, to cure or polynerize the
bi nder precursor. In sonme instances, certain abrasive particles and/or
certain asdizoomes3ssi | | absorb ultraviolet and visibl e | ipghmtus2eusiocdsosray

hi nder proper cure of the binder precursor. This occurs, for exanple, with
ccria abrasive particles. The use of phosphate containing photoinitiators,
in 25 particular acyl phosphi ne oxi de containing photoinitiators, may

m ni mi ze &Hiogv/pr gheremoroapretxaltp labmest dheuh0aho hesgll phdbp watght of thgeworking

2,4,6-trinet hyl benzoyl di phen hosphi ne oxide.. whigch is co rcia
avai ! abl dIG R AR R S RATRAL, U G B gl e F T ecsBseton o e
exanpl es g¥fat CORMEE GridichlymRYAE badtetraton @M Rhind @00 taesthbf absdeiveRARECUR
4263" and "DAROCCUR 4265", commercially available from Merck. 30 Cationic

i ni ti at ortBe prfjcabmi¢pdlegonesniraiien.at e pol ymeri zati on when the binder is based
upon; an epoxy Qr_ vi nyl her . a f iopi.c initiators incl.ude salts
oF “oht um cat | den R sl B Shaf ARl e PG hBRSR o
sal ts sudfasikpH adjuainggeMBu2 89143 3RAPRIdrbiad0 084063690 safffi@iit plodhes
exanples are reported in U S. Patent Nos. 4,751,138 (Tuney et al.);
5, 256, 170 PHalterarabsut 30 ty-abguigl, gy acidpa¢umietiog agamdsugh gs0L-podine in an
Dual -cur e andy RXA I eae, RNOK A0l b ALRT b2%A LETE: TBNGAL RGBS G hact:

ual -cure pnotornitrator systens, curing or polyherization occurs rn two
separ at e sgtingesn ethodyleted AROLS (e lghTerpase™Mars-Sii7f fvalleblt ffod@DbivoDhdMEEs1a0y. SNE.
In hybrid-cure photoinitiator systens, two curing nechani sns occur at the
samt0 t | neMisthanl, My s i ampwntfram 209w 095% Mg HP abewt K mewibasedipmtheopeight
The abrasjyve: ite may include other additives such as abrasive
particle%gﬁggéggﬁﬁgdification addi tives, passivating agents, water soluble
addi tives, watlar csemal tekv@phty agesdimentSouthti RErfagant 3s $dlddtey sto eéxpandi ng
agents, fibers, antistatic agents, reactive diluents, initiators,

suspendi rfiosdgmical pyhgtanindy othge exempfarygenbadimenfs.fthe sunrcdant gy sglegiedto dyes,
UV st abi lij.zer = agent 0 trangf . p I or.s,

cat al yat & & AnBALD EHAESRE e Sike, I3RS SARIRIL ndSRE Falrd o
provj de tpotydronobité,i @l debiffadcoMpitigng anthsge H galjusting cdgeantandeyn heidic

i ncorporated_ into the abrasive conposite. 15 The anpunt of water_ and/or
organi ¢ SOMPHENG 2edk| Bcwusl emgogigmntsy hetmgfeed pHana e bagsnsirlli fsp ebeyf 7of

bi nder priggyss9qh and abrasive particles. In general, the water and/or
organi ¢ solvent should be conpatible with the binder precursor. The water
and/ or sol ventTheeamdmt b€ twveorking liquid igpretdrytie suifeidnor aifl ih hiee pnecar sOr, or
it my remain with the abrasjve conposife. 20Exanp]es of ethylenigally
unsat ur at8efakipy MRt Oxle gﬁ?ﬁélﬁfe?@ﬂbﬁﬁ aPpuAl MHYUNSangsst Hiere r@osuf§912@fe, 472
(Ki et : onE:; , i:.cal S il.uents
b e e L S T B B o Ol 7 M RRE o
reacti ve idsthneentitsisgirefedied ¢b hseda isocdddSiquRhpentntNo . thd plhnsi64ion (iBarfber inet

al). Abrasive Conposite nfiguratjon 25There, are ny different forns of
t hr ee- di dAdiogAafhc ré&wggt& llﬁbﬁi-ailﬂv_ée%ﬂnéﬁﬂu@sm@% aEesp e Bt i ve
forns arghggﬁgﬁaﬁﬁgghkxw bk usfLated in Figures 4, 5, 6, and 7.

Preferre rasive conposites nay be precisely shaped (as defned in the
Sunmary dboabeAbwsivi Argdgal arly shaped, with precisely shaped conposites

bei . . The indivi.dual i i h h the f
of 2y or 115 W EGTaTaYe BBy Coup RO e ANry LT bAg e cop e
shape i n iopiagtcopidie Eﬂ@asl?ﬁg&gﬁ%}eﬁ?ﬁleﬁ 1dRf ﬂ%or%%?éf@t%gl t st 12 And Hsdi st al

end of the conposite. The shap conposite may sel ected from anong
a nunber ptfegbhnet ldast 30| diderswomfas. aThebbrgsiveydriiddrmaalcontpmi 8 rtmtkiog.

Abrasive particles are dispersed in a binder to form textured and three-dimensional

abrasive composites which are fixed, adhered, or bonded to a backing. Optionally, the
30 fixed abrasive article does not have to have a separate backing.
In some exemplary embodiments, the fixed abrasive article comprises a surfactant

coated on the surface a surface of the fixed abrasive article. In certain exemplary

9.



WD 20091023387PCT/ US2008/ 069396 rectangul ar, pyram dal, truncated

pyram dal, conical, hem spherical, truncated conical, cross, or post-Ilike
Cross secwoanw/o2Bish a di stal end. Conposite pyram ds nmapcChaseoloss3dsi des,
five sides or six sides. The abrasive conposites may al so have a m xture of
di fferent shapes. The abrasive conposites may be arranged in rows, in
spirals, in helices, 5or in lattice fashion, or may be randomy pl aced.

The si desnitodimenss,tthefiagdt alypsiee evieposriudes aplprddy pefpendinnasignalrabrasivove t o
t he backing, tilted |ative to the. backing or .tapere .t h di mnishing
wathovdrpopts ied S 7l e AT Gl Sr & viRBRRER M Gufiebleg
renove thenahkag! ¥ lGRAMBOSE tdrdshv@mpirtielcs afidd 85 @ESf@rse@Iiﬁ OoiRd@dUd 10N
tool. The tapered angle may range fromabout 1 to 10 75 degrees, preferably
f r om aboutrfactagt depasedjcaed leaphaedqstient of abiugfape omthetuec-dmessignalddygseees and
nDstspref%raggﬁmbetmeen about 5 to 15 degrees. The smaller angles arc
preferre DecAuSe this results in aconsistent nomnal contact arca as the
conposi te wearla. ccHaus addifiogdn&lcalplary hembah@entangl @ethed afcprpiiy aefiket ween
an angle | arge enough to facilitate renoval of the abrasive conposite from
a nol d orabpogusticeninelydingan gugpsipnt o5 uspdugroditying aatusfage ghiaf Water di dss
secti onal iVe&: Co ' i.t.h a cross section that is |arger
at the df@?@ﬁﬁéﬁgaF%§%?§?%$H%Igggék%%&ﬂ%gso be used, although fabrication
may require a aret hqaoatigra fiteambsdsiel £ti¢t0haViAg a surface cohtjrishgi Gpitiradity €ch
abrasive conposite is preferably the sanme, but it is possible to have
conpdsi t dBregrdimansiensd abrapiypcamppsites Jixgd @ an Bprsive artigle. the direrdEngsiogak  of
the 20 c it i - ' t | and: en .t he
composi { aBPaRcLEth e ERRRR L By 3G By e P H IR0 €
parti cul &ihderi n the range of about 25 to 200 m croneters. The base of
t he abrasive conposites may abut one another or alternatively, the bases of
adj acent abradl-ve CFRPYURS thesurfase B syEpepRitseltiopaMR sA¥ Hhot her by sone 25
speci fied distance. .l ehodi; . i C

adj acent abra§?ve ég#QEQ?EE |nv%*€§§%§%thggg %A&gﬁéﬁﬁﬂhﬁﬂﬁ“§§§¥¢§ﬁ%

hei ght dith@eby foimifg eeaiting ofit\tictangoe anpas atpertiddufehpsnafaec.abl y, the anount
of physical contact, between the abutting conposites is in the range of 1 to
25% of the verlPicHpinptight! carLodipnty éﬁpé&)r(ggaréd?ﬁfaqutaé.a PpHPng &4tF ¥l on of

butti 3 i it 30
comon ot Lot BYShas B, U RANGETRAY HEBORAY ARCHERIPRR S Boft

structure i ch contacts and
ext ends B0weern foflchangrei gelichinsraof, vitea the fiRed hbresive Rriefeisaltd to péishland
structure haF a he%%ht g%ﬁno greater than 33@%8% the vertical height

di mensi orPlURliyaRfwvalgy sEises cBhpslirilar expRwlaRpcabederss d WEAHYSIC0B9396
abrgsi ve S| I r |.r e e
I A U DA S

i nt er venisolycagnpasintxeure ©f hoeqiceds aml @anchageedusisalgnt@ry cthame add awrerpet ween
the centers of_the conposites. |t i% referhgg t hat at Ieagt.gortto s of
the abrasive 1 esatbgleshuldaretyralp RIS aR8ehest 8o Additigngloide t he
recessed Af be [ opki in®f 4 LRGN } havine ann€

| i near sﬁ%&ﬁﬁg ofEFﬁgpgkgggPstéﬁgﬁgbéfRgg&n yafgnégﬁ'rgﬁlgﬁgﬁi %wg r%sive
conposi t eicpgrtalile Maaress vutfaccaboih ah®Gniabndsdisteng offfho shatesalpedesired éaturem  The
i near spacging may he varied such that the concentration of conposites is
greater i%‘ﬁé?ﬁ ePSo‘éS&Bit‘lea%ﬁgW %%ﬁasé‘f?&rﬂ%lla .a” UCBRAHBFBCT QT e BHEF AR N may
be greatggl; in the center of the 1l0abrasive article.The areal density of
conposites ranges fromabout 1 to 10,000 conposites/cnR. It is also

f easi bl e t 0 hduehaateasvodrtite uizdak ithegnexpos edsthadselescribled herei ¢headbrassvev e
coating does not cover the entire, surface grea of the back&pg. Thi s %¥pe of
ar r angeneftM o8 oy P el oSBT YT ueh ShalpHieln T NGUIMST R4 288 Ve RAAPET | et
al.). 15'Eﬁﬁ>ugﬁ’61ﬁ‘%{ MEstGYIRRSH S8fe HisknREESRhARYsiS€hrtiglt On a backing in a

predet er m ne
30 The abrasive article also has a “texture” associated with it, i.e., it is a “textured”

abrasive article. This can be seen with reference to the abrasive articles illustrated in
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pattern or set out on a backing at a predeterm ned | ocation. For exanple,
in the abrasive article made by providing a slurry between the backi ng and
a productwornotwnBbishavi ng cavities therein, the predeter rcmas2@attspen of the
conposites will correspond to the pattern of the cavities on the production
tool The pattern is thus reproducible fromarticle to 20article. In
one enbodi nent of the predeterm ned pattern, the abrasive conposites are in
an arr ay Iogurart anddasostbed povihiia vhish dleeanyranhdshansd compesisist ars the saiped a
regul ar array such as.align [ and. col ums alternating offset rows
nd ol urpsonsp iy ARR b RER § B R BeT TS e ek U RRDM B8 r ect 1y
aligned in frore Rbes3cd poidds My o s8hasicveto?haprmasbiteshe Roalieg aldig one
row of abrasive conposites nmay be offset froma second row of abrasive
conposi t eer the entirg pvadefosuitace e nihsdicaesaed pertiens hraysilye aelotfpeluinnes tordgltbe set
out '{n a LARJON. ALLAOlPRIAELD anPholiBnil oy FEADLE! DRt alhg cmpAS! tes
are not i'Na reqular array ronsand corumhs °as descr bed* above ! For
exanpl e, ihRefadd)r THE Y& cERANRSGB SMARBNIsOPréht ddtphchordbhoh KFRYWIEI @8 afiesCr | bed
in WO PCT 95/07797 published March 23, 1995 (Hoopman et al.) and WO PCT

95/ 22436 ‘plgansheld tﬁmg‘erg@wm,omm% isHoWeHamteqr than Jextyred,ian YnavyYs pBiGH,

however , t,this o'r ' an i red 1 pat. } t he

| ocati on t(%r?d%t We%% %gg?’gg@%}‘ﬁ@?ﬁ L@f%glt %%S%S%%%%g%si léglﬁ%nﬂhg ﬁtgp% erdasi ve
articl e igrisredéberaiiped vaitcreRifemrnd essddpottithslof @at dbeavivaf artifle ag@vhiid €s i n
t he production to& used to nake the abrasive article. The

t hr He- di risHxs i gapunge expeliedgabraniy & prujisles frqre |the gbrasiveeyriags, ands cxRAse 48Me

abr asi ve i C osition. For exanple, the center of an abrasive disc
may conté@%ﬁéﬁq%g%%%?ve 5 coating that is different (e.g., softer, harder,
or nore or | eskheedbodbival &)iclt odmd disclodilre may &gichisulaf il lapaly @sinvie diracof

The abrasive art de 40 in Figure 4 has,p¥ranidal abrasi ve conposites 41
fixed or Wi Gshadke Auten odgcrind the gir@ilprabeastsdisg aigqretsyadly smeeth\gsen

adj acent i i T i i

by asi ve onARLUF, GRTBPSEHe, TR Brid A0TSR M BrPU AT AR

di stal end aaf pohgoml shspctakh abtraspvier, squipestiteszutanimicths likbe Avafmativdyy f ace
during processing. The, abrasive article 50 in F%gure 5 has _irreqgul ar

shape, pyPab@sic apide My RopBsitees of janbelhinsanesharjcgihodiment) (erabidstye t he

abr asi ve GATPAR!E: BASIRIINALTR of Y PRL SDRRRY FRURdR ESnWbARdeL ge the

pyramd are 1rreg y shaped. e I npérfec
t he sl ur raprdsivewtapg @iig. disteondralnght hebrasiict tapk wilapeilipbe ondéxedsdgimg itleant
curing or sglidjfication of the binder precursor. An irregular shape . is
char act erM9EHCHIPIIBACest r BigpRrasiyppiticlednsy dhpgiigratsd &ynavilcdpenngs depugdy

i npeg f ect NPk rasd i | cqure 6
Aot uncat e inye SouRRARG CRAIIELNET: prat B TASECQEIE LR AR G T
Fi gure 7 duasiglotfiecr'wseoss” shape 71 and an "x" shape 72 20 abrasive
conposites. The abrasive conposites are set out in a pattern of rows. The
abrasive%§E§%QSites in various rows are offset fromone another and do not
directly alig i i itk i j r,
the rous of anyRehsharadt ARy RIFATPERINER R R0cRL) AEle fufiine DUYRE°

val | ey orunsfoanenrnhickoast dif thobiokie wsemot ssiffidientymoni fitrm( msthiekasss; @ cerbater

hei ght) of aprasive conposite or may contain.no rasive 25 conposite.
Anot-her aVraFlgﬁ‘éSh@rfge E’]@d’ﬁl\‘ Eﬂlt%fl}aéi_ﬁe by %1%‘?%@?@6 _W@élafssag@?m@r to
Fi gure 6, i 68 Rlurbd\@! ifid&din@ Hof] MREIIY bh M &OIRS ba8Sn&! IeTardhde 1 H&d.

conposites having the "cross" shape or abrasive conposites having the "x"
shape. | rExahipdcsastr Aergelesabtgsivtchbacknga snaledec polposiit ddmf pamethwlypdeia s, ar e

still offset gﬁ gﬁ%ﬂe abrasHve.cong sites fromthe even rows. ﬂn Hhecﬁbove
descr i bednafh idieuhic BB By Geucdh Bty ngvoyans cid sgpied versions theeof an
combinations thereof. One preferred type of backing is a polymeric film. Examples of
30 such films include polyester films, polyester and co-polyester films, microvoided polyester
films, polyimide films, polyamide films, polyvinyl alcohol films, polypropylene film,
polyethylene film, and the like. The thickness of the polymeric film backing generally
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30 conposites, it is preferred that the length of one line form ng either
the cross or the x shape is about 750 m croneters and the wdth of one |ine
form ng ewDhlew/2bms7cr oss or the x shape is about 50 m cPOFALSLN0S/069865
20091023387PCT/ US2008/ 069396 A preferred nmethod for making an
abrasive article having precisely shaped abrasive conposites is described
in US. Patent Nos. 5,152,917 (Pieper et al) and 5,435,816 (Spurgeon et

al .). O hergeddstydcptapowis20op 1sQI0t maisrametenshprdeerahlie betasen 6@ FO0 WIGOMPIgsent
Nos. 5,437,754 | houn).: 5 .H bbard et al.); and 5, 304, 223 (Pi eper
et aI.).Egﬁﬁ%ﬁ %?ﬂ?@”ﬁ%“%?%ﬁ@ﬁ%gﬁé“ﬁ%ﬁHﬁé?%d in a clean environnent (e.g.,
a class 100, cfRsssHoulDblso B gobasdndstorDBAwet LR FoPafdrid AlibatkThg @n@ e
contam nation in the abrasive article. A suitabl e nmet hod i ncl udes
prepar i ndigdes] i mgny ByWisREes pbyasive earnpesitp gpatpd pwéace i pelemepe ddmrbgeling id
optigonal additives: proyiding r.oduction tool Rayi front surface;

bt roaucitarichie bt B A T e BHGR Ry By B el Faflod SOMAZHIESE
plurality efensigaitypepiimdd BruMPIYGN@rfacd aledchtighstiaclube colouk rcatidier ey
surface of the production tool; and at |east partially curing or gelling

t he bi nddreappeduelsgrombdagt treatmenirflame cagapairangd scpffing teeingigosct thesughca he

production.to r.asl 0S| i . The In-y 1S by
conbininéﬁZ%Qg%%%@e%§fg%%ggﬁﬂ#égpggﬁﬁklﬁ%aggg nFlgg&E%gﬁ #%ﬁé?dﬁ?%@%%%or,
the abr asicwgicpadilli @peBmand réfirtcdpini ONRIPagsidiNG. V8388 EERNMESIRSd:0! difforiiog 15
techni ques include | ow shear and high shear m xing, wth high shear m xing
bei HY pr eerieddn Wt RN 406r5gy: #hshaziidine-pie g maiwppﬁﬂgwisnﬁﬁﬁe@tn Wi th
t he nixiq@) t 9 | ower the slurry viscosity (the viscosity being

i mportant i'n’thé manufacture of the abrasive article) and/or affect the
rhcol ogy of tIsuitablublt¢rgtivabrbasiivgs Sheludy . anAlehbonati pelyynerit héils| gy aray be
heated in the ran?e of 30 to 70C, mcrofluidized or ball mlled in_order to
m x the JWdyesicpypolyurcthancrypeiycarbopatet pelyaBidss polapieayiene| @spodyashylenifibm v
added i nt [ SOr,. ot r r . b
hormgeneoogse%%%g ﬁi P‘%ﬁg%o&%ie[%g%@g&gé&ﬂ g%r(?r cg %al{soﬁl\g}lg%%gtrc?lli@ﬁsg hg%ergbégptelr Igenal
addi3 i vesmiobsdlamelsiagmyaywdocc lamiadsd 1l ndrdmbassaiiedribioolfome thettaeking.
viscosity. The formation of air bubbles may be minimzed by pulling a

vacuum ei tIemRAsPSaRptiSEn eamt sy anysie R Gy Ketriraiplsy the pattern egpebecigdhs fynsetat i on
can be any, &RV | I ] -qas. dr.op. di e kni

coat er, gﬁ?talnggg]#%%fp %@ﬁﬂ%ﬁgﬁ@agg er gg %gﬁgén%ggsggagThgmb?gigF}ed
coat i ng tl&ehrifigueaticen may atsolba Hdxdgehabeaaysngiddes or épicdsedt ismnlid fossiBad @nt

Nos. 3,594, 865; 4,959,265 (Wod); and 5,077,870 (MI1lage). During coating,
the for metaVeHdgss B¢ ¢ gsAMEUIcisaarRy SEFede By i ni ni zed al t hough in sone

i nsg@nces it Ryohe MERLETE BetidR: MBS AP E AliBardld bidk .%e Ihdi@Rate
slurgy is being(%6§f%5ﬁPh%%8§hég%rg%ué??%nf§%0%¥bé%€&%% ééﬁ%#¥ %%?ﬁ?ed to
por osi ty satichs apolyoretimnte flodnneltapwithintbe samk iof ghiaddcloows itd hyply mier dhassévd he
erodibility of. W) 20091023387PCT/ US2008/ 06939 he abrasi ve conposijte.

Addi t i on£°WPSléeV\§5§Ctb’aW fmmﬁaﬁfa%t)gﬁieh%l%g@f r Ui R raaWFiwng% Ky or
coating. &Kmﬂybé&EEQOHQ%uBQQQUCtiOn tool is coated, the backing and the
slurry are brought into contact by any neans such that the slurry wets a
surface of theAhaedsimregsendiiee sidbesive can be Hamimglad fonthe woabasitve wiidehof e

backi ng contact nip roll which forces the resultjng construction

_togﬁi nar Dehgen, CPEFPULTRBRY S IF GAT QﬁyO%ﬁf Pl ST MRtk LHEH# 1 ol |
is prefergbly umde Alfamtidcl$t fh@?rwsﬁtle JORLiBTd BhhSHEN A DBl R sferBb@thapld OYS,
rubber or ceram<tTs. The hafdness of the nip roll may vary fromabout 30 to
120 dur orfementedppehebadid sprfaboof thedatking 00n doustberedspect odinlet dsclesype,ef foaabl y
about 90 dBroneter.lio.hbxt, eng{g. is transmtted into the slurry by

ener gy souPEES eandie lpmipateddg the bye ﬁgcure t he bi nder precursor. The

sel ecti om@sitbpaERREOY source will depend in part upon the chem stry of

t he bi nder precursor, the type of production tool as well as other

pr odkssi ng corittict itvagye Thmpenies gpmpose ebrasivoyladicior arppriewedeabl Thadbigdade t he
Pr oduct | 0 0Bk g AR Wan FREL e H S Bl: i NS, REGHERSY piJEaRS that

the abrasive particles do not readily disassociate from the abrasive article. The abrasive
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15 polynerized to such a state that the slurry does not flow If needed,
the binder precursor may be fully cured after it is renoved fromthe

pr oduct i onot2o@l028387Ng conventi onal energy sources. PCAfUSe008AtI3beast
partial cure of the binder precursor, the production tool and abrasive
at-tide are separated. If the binder precursor is not fully cured, the

bi nder precursor can 20 then be fully cured by either tine and/or exposure
to an endrgicleomarebe Epmagdngoushalispersadianitbe bimgdsr drsalicevabivply ba absasdveel so
that the production.d a8 n§AR.BE.LEYIRG-ATRI n AN Abr a5l o A tiele d s wound
on a secon narel PEIERBT R SRR fat i ofy 571 KPS s SieRY Ho , the
slurry i sibeRalqrt@iMsbittedib@iekicd ghraighdi@thd Hiader! s gandrillyesrebret Migat the
production tool. The slurry coated backing is then brought into 25 contact
wi th t he Jbrastigcpignles dwl hemegeneously wiweskd moythet o respitmigt Huasey icoateng of
the producti.qn toal. The r Iy 4 S s.to make the abrasive article are
t he game ngéwgeest%l léedcoélﬁlgt\?gs%dl%lc%nt6r§§esf)'r eferred that the binder precursor
is cured by rgtiratddRy i@ @fining herféradit-fatdsOfineNgagdye pRyickRs ato Aofepict L Bt

t hrough the backing or through the production tool. The 30 backi ng or
product i &Yetaéélp%h%m%z%@tf tap prsesiebpprtiglesormey t age demat dtont dhddlgyo 50

Addi tion i.at i SOQMT d t rec ade
the baoki s ar S hRREAL LR R o PRI R i SRBEE LAY o ST
transm t teidld isoldghthan pbdut &sinedroMOeR) Gt 88 INCTédISRA0H 06 I IR rdmeakisng.
Alternatively, if the production tool is nade fromcertain thernoplastic
mat 8¢ i al 0 sQBH Hstapesy dichyaversee  patigisr dpyabene 0-pBIGERILEES QokyRiardbeniat e,
poly(eth A a . . RO .

Pol Yt nylehiiyo Rt PR RATRIC e BPHAAGGAL i RO SHPhIRER o by
may be trlamgRi Hingdhsiohrafug abheivprpactivdd.i o atnossk adndsdsnthereSwilhee alrbigeyor For
t hernopl asti.c based production tools, the operating conditions for making
t he abraslisvEbgian ef @askbupridche 18eomsyEKNFRt itk dusiTee th¥athe rartigle size
gener at edy; () C i i i - di st-grt. or. e
Phor nop! Al puBiERe BpHy BeiRtorlgd ASRMAEREscshithnd AR FHOE prbliodPh veb
enetyy orcoafisteaddvafaco finBhengic vadeh Eis siragitd partibleamayulldo by pekait ih ilght , or
visible light. The anount of energy required. 10 depends on the chemi cal

nat ure offotRef 2B abtasys agrlomsEaten W%ﬁ@bwwa@aﬂw@dartgwggla@ew mayde skl t he

t hi cknes d ot k r oyt N, Qven

t enper at 3?@? g?r W?r%g E?E%%C%%dgggboﬁt%é%\@lgn{ eag%érlg% ip%ﬂ?cg%ymagnk (gbdgut 15
m nut es ttogababy idGr patick aaretigefierad. | y sufficient. El ectron beamradiation
or ionizing radiation may bhe used at an energy. |level of about 0.1 to about
10 Mad, pref dggmesal Saﬁa@ﬁé‘?r@quamlé@é Fnci‘f(?eafﬁ%ﬁﬁit alymingmygggie. hept ases

U ts@vi ol i atiqanhacl LAt i - W EhE range
o Sbout SupT A ST G HARE alAhah' SapIBR, ALK SR o Il
250 t o 400rcomnpniat exide, ber#d, bfused atlinaha otircomial wdedumadiakédrohgel dgriecd

wavel ength wthin a range of abouyt 400 to about 800 nanoneters, preferably
in a rang’@r%f"ea%ﬂ@eﬂo GBS0 BB RS SRS H&%@M@%gﬁé&ﬁ@di fied

slurry PrE&H{gfr’ﬁ%i df%l&ﬁfﬁg%&éaesowgbﬂ dJFf%& abfSivk PURICRE &ﬁ?&?ﬁﬁh&iﬁl U REpatent
production tool. By at least partially curing or solidifying on the
product i O¥ost 43114,82 et 625, 3Eh; ¢ 44 B6Pos 71RO Ngend488eO066e and predet er m ned

pattern. The prodyctiop tool .has a. front surfac ich contains a
pl u#gl ity of J¥¥ivelsss a‘ieﬁégﬁt ANYR AU tg}%\\ﬂr?f{még‘? &E@S@gs@mlaﬁ P¥ t he

i nverse shaneGhidaNéhi 3RV CARRARINSBoR RN CPSrQSRAIRL RS 8fers that
generating the shape and placenent of the abrasive conposites. These

cavi ti es auataithavgpegetbryireficoed hhpswet raticler erct dlphd alwerise Jhapdishaodlutive

abrasive conposites. The, di.nensions of the cavities. are selected.to hi eve

the desi rEERETTCET CHbPASIGE ABRPYS Udy aiasye PEas(P et BFEICHbIIAY | es

may be preggefhhh R@ntQt pdriikies RAEr NphalenifdiRMRMs RANAS ifSrR hbrdiRy.

agai nst one anot her at I%helr portions where the 30i ndentations nerge’into a

conddn subsowntlualihay ppitialvararedymralbufdracd of hedtmgpa poumwisi toansition alumina
particle for a brief period of time at a temperature at which it will convert to the alpha

form. This alpha alumina transformation always involves a significant decrease in surface
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tool forned in the interstices of the cavities. WO

20091023387PCT/ US2008/ 069396 The production to& may be in the form of
a belt, awvehe@io23m7conti nuous sheet or web, a coating recl/rsoes/oesIa
rotogravure roll, a sleeve nounted on a coating roll, or die. The

production tool nmay be made of netal, (e.g., nickel), netal alloys, or
plastic. The production tool is fabricated by conventional techniques,

i ncl udi ngrghdublf thedptaprymim petiieles arg, cxpaspdatei thg conviitiph dgempdratora B ar mi ng,
or di anmond. turni For .exanpl.e, .a_.copper,; tool. be di anpnd.turned and
Chen o nidictieriuf S g ATREe dRuERRES Lt Ef i TRaRT phie T A S o
Prepar at ivig @f the§cogiitic®Ard ARALS cadirSer’ @RAHARE ih thdtdasifat eRimiNOpartidled52, 917
(Pieper et al.); 5,489,235 (Gagliardi et al.); 5,454,844 (H bbard et al.);
5, 435, 816Vhgsts iebncase of trapsitigGrtumpmag By dlapgsp Agrin gie rangg of abadt POT WO
95/ 22436 map et al.) her | ast | ool . may he .repligcated
of {5 merkPeratlly tediorinkheaps «PubAREIRF PRTHLS AhER il Bned Srabbis 47
desired ftorabbite200raaludhi @ind RQlired e thi8sbevertiofko biphpakridnabliy dopahd of
metal, such as nickel -plated al um num copper or bronze. A thernoplastic
sheet matte partyottho almiga, wag thepteslesireandrgysiltipity REthedsamsitiop gdimigach
that the D | G er i 1S i r 0, ttern
by pr essi AGSRE: gt iy i) Hexlcl SRR b S THES BL1 48, 8
extruded tefis eagtoi’ito nhiguiche AMBSpRhati@Obf tidtriivEstniaries pestessiR@cported by
thernoplastic material is cooled to a nonflowable state and then separated
fr ol t he Wakreet al oQxides and Bydraxides of Aduminuan(1984), published by Alcoa Cagpamah| e

t her nopl ast | dugt | t I . 35,816 20
(Sour ghor et mEs kMRl Sofbe of Wit il HhidhiyF Bufilice Ry Betoonlp
product i anicteadter i cbmaergally exdilable, frqan [PysaaSirne Teplaloy@iidyyd fdadianapolis,

pol yam des ol yur et hanes, pol ycarbonates, or conbinations thereof It is

pr ef er r ed™ hdfie iche aluanarppitiglesi an dico wetqusrehi gbimips merick Hwdit fuesddich as
ant i - oxi d / . i1 ] i tA - ysef ul
e of tRbmpEafaRimidh R LHER Sun IRRARE W YESmERY SELEDGr Lt

251 & easaribp@rhicrudrdsoveprrtiolés i@ &hiber Engheasé MiherbReNaki@s) Ga. aldriacdbeasiveom t he
production tool. Exanples of such rel ease coatings include silicones and

f1 uor ochdtiédgssmay be purghased frgng Rhong hosiansashelinn. felki hignseloadyspe York;
conposit g§,:havi L Iy pag. i o i epnpel

i rregul a?ﬁlx}lgghg%%& h?ﬁggéar@é?régg?@éggbqﬁ%%%ﬁa}eﬂ?%% ho%nﬁeatg %8?!%@’% s’e{&giout in
a predet eé¥anopkabepBlirRidge,ilh. tSoatcet fier dlonatai ave Addant Cleend catpasicte A lursindth
predeterm ned. I n gne mnet hOdéqfoEqu?l urry is coated into cavities, of a

product i drPTPeygtion. ¢ lgesianda (BT adiheanie SHIBE Hegbutg, Gssmarct hofetttool

may,be t : i I : I | isely
Shadbd consaRTmRAARal AdR o iR oL S Ry oL dul B S R BudP oo a06
removed faxiodasy loe neyodetiinomodifiots frefar doffane @ gidethep metalr sades).s lauwoatt or
solidified suffiﬁi ently far it to substanti aII% retain ]iﬁts shaglg upgn
renoval fPEMECHEDBIAERE PHACY BBY reagpdtadfiEat 1t 5 aliy Lasiblgdogisngena pit8dur sor
i's cured Qpp3Qdbfiokhedor ﬁbfe_crﬁeéah&ipé ﬁﬁtgfﬁepsr. SRR Rietal Sxfael may F&d: ﬁ’ﬂhk n
the cavities of the production tool, this typically results"in the slurry
5f | owi ng and tafesmarddtiog prddacabr asi ve conposite shape. Met hods to nake
thig%type of raa}iﬁve article are reported.in U. S. Patent Nos. 4,6 773,920
(Ch&nan et aﬁﬁye e giigleseyy elp&s?rﬁa@i a gxtyje of two or more,fifergnt yae§ &fn of

thi s met hdie iy f?heﬁét?ﬁég@e ?%El%g 2R SMBFORGKhHnesIRE RARK I u}éf then

brought into contact wt p I

oduction tool such that the cavities of the
10 pr oductfiten dr aodre drfgeréntl dbexdivieypattimess kheringividilabalbresre¢ pamigles ey shatve theake

the abrasive article arc.the sa asﬁoéjgtl ai | ed above.  Af.ter the abrasive
article S@MIFYerage parugls sis, 91 PR EAVE ! Freﬁh?ﬁea‘i%eipéﬁl%ﬂ%? to converting

In some instances it is preferred to modify or treat the surface of the abrasive
30 particles with an additive. These additives may improve the dispersibility of the abrasive
particles in the binder precursor and/or improve the adhesion to the binder precursor

and/or the binder. Abrasive particle treatment may also alter and improve the cutting
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I n anot her nmethod of making irregularly shaped conposites, the slurry can
be coated onto the surface of a rotogravure roll. The backing cones into
cont act vwoOhotdne3is3 rot ogravure roll and the slurry wet ecrhms2maokisng. The
rotogravure roll then inparts a pattern or texture into the slurry. Next,

t he slurry/backing conbination is renoved fromthe rotogravure roll and the
resulting construction is exposed to conditions to solidify the binder

pr ecur sorcheigeteristiest ofathe étl@ﬂtaémb@szv@rmﬁsql@e Emh%ﬂrmenAmaralw jubptantialtyhi s
process |s to coat th eo?tﬂa d bri backi n

o) into
contact WK | e P By PATY é%ﬁiﬁ? BTelcursor/ goras“ﬁwe 1rC Slﬁrr%vur e %3’ N Vnsﬁygf Ypart

desired pado gdrists Hieher dSrckhtdsésUsBatRbsivPPatiets tPPE dMbodSorattd Gite ahetbry¥eam ds,
cones, cubes, blocks, or rods. The pattern i al so be hexagonal arrays,

ri dges, cdumaformedsfa btndP%PT&F@éOfrf’é@sﬁibmSé’etmﬁ Anqﬂlgeésvotﬁaa@l agivagfe ric
shapgs such The_r ot ogr.avur npar ttenn such
hats ¢ horeoiriog W5kt s Uouh PR et o B PR RIS, PRLMH, S

| and ar eafganaltOfics enclifidaxibhl hddlﬂ%ﬁhbl@&b wettigrdgests Q@n@d’ﬂﬁn&@lr@ﬁﬁéd to as
Alternatively, the rotogravure roll can inpart a pattern such that the
backi ng |S§ffé§<t91@§)aéindoé@%g’é\ﬁ @APtaC ehtCouplings PERAT EBIYpOVIde ahessedatics bildger |y,
the roto i S (e of
abr asi vegd(’:egx\;n%om %lh agéehsd H%O%)t ﬁeoﬁaltn% Eo Egﬂnélgsaé;f)rsgﬂb% Cgo@n@tﬁ%e ﬁurry

t hr ough anaadeeenaﬁsg gienarest @n@- Aebilemnaddid tHxamplsast vemarrg4Bi heslablhen
the binder precursor is cured or solidified to formthe abrasive

conpdsi t eupiHpagtewsludgn Alfparnnd 3y 23R s freadOph Spegistisyudpc-aPapbwikt Ghs of
V\O 20091 9 ,
Conas. _cunib At RRRELE ARACE Rl RenP X AT s HORBAC, RSO0

ri dges thllsbabltolytﬁﬁmatlet Eixsmplecs of cmﬁmleimha wettifpeasentsiadgbispome 101 agabivki ri c
shapes such a risnms. The screen may also inpart a pattern such that there

is a Ianéhﬁﬁe§ygé@ﬁ€@h gl begtpid, ablagnd e FROnpGlbles frophi K| dvperigeednean
CONpr i S€ i ff; nggéatbﬁ %]S’f 1@9&6@1%%5 raﬁé &! 1ﬁ§%1§&%eb[h&%esﬁrfaé! ttr@aér‘ﬂgit \‘il(\rglé %he the

screen may Yern such t the cking 1's expose
adj axent amrsael arecleormms-axample ﬁiensdrﬁbé Yreatihfo@t agdne emaynisy addedaditectly patlicer n
such t hat there is a mxture of abrasive conposite shapes. This process is

report ed avFpstyeslunpy durpg (s, msmée@u@w DAFPRSHP. 2riAfB1 Ay ehatked e
h di 4l .
Briorly i RRmch i o LA iirfctiche BrERATFEAORLL) P%is

t he cont duirs méorphmteelnhmsthedbrbﬁcé(slngyto provi de a textured coating. The
slurry may. be applled over the enbossed backing by any suitabl e technique
such as rdllerRaglgles g spraying, die coating, or knife coating. After the
stusgy 1S applHiRALAKRT: dfiboSADRSS BHIARRY cBhnir fMifer HERMAL! NG RRSHaYGHEON 1
exposed to an approprlate energy source’to initiate 15 the curing” or

pol ymer i zht todibplitgedsis: dbvadiar contusitabinasinweingtonqeo siithethe Apprepratp idleodnd

abr asi ve conpos on a enbos ed backi n s reported in U. Pat ent No.
5, 015, zaemw&ﬁéh%? Jeromay eﬁreaset & crod ket thethie Vo FORRRTIRg R VaBFsiy e

article %gﬂag eésb%ﬁeqlebg@&bmate Sfill e pa{& athobifR, l{hg IRt fay H%Jefeas% 219, 462

(Bruxvoort urry I's co into t e recesses of 20 an e
backi ng. e‘fcbrhbﬂﬂtw of yhecabmdsavensorafirsés \Fellqantaycdlesbe kiladed tqoreeluw swt ofitltt an

exp dlng agent . Theres | ti struction exposed to conditions such
that> t he 4 i5d PAPPaREnt? Mgt (B8 heglges o P ebrraxpaeﬁ FalfodkiSh fe fbERine
surface Qh.LberilaGKbNhe Nosbive h:%n?}pﬁgeer Pﬁﬂ%%réqulbﬁlf%lb&b& 's@dast Roff &y M

abrasive conposites. A variation thi s enbossed backi ng nethod uses a

per f or at ettlddeackislygpffeat/iha @eamd&ﬁoéﬁcamn\mitﬂ@atExaglpiﬂmfemﬁubﬁﬂhe o @nﬂaln
surface of t backi perfor ackin mnll have a seri e

ot edet o RGBS etfe fEiso R RISPEE Shudiy; A Edar s deiieoniroeRatGh g -

t hi Cknes?th&;noﬁgha%tlp Mﬂ& aﬂ-ﬁ‘echéﬂnWsEty hﬁleé@at Qﬂhe(renﬁscelli‘d%b{& ARAS esbluRver

t he backi ng hese slurry-filled caV|t|es wi Il 1nherently create a textured
abr3&i ve ivogriingalty Imﬂﬁuerdirgalac esdlf‘ma_cdamnp@mﬂaygmphut@ rairdry nbade, eanolvedtadict er
E:Q?r Icglr. | n%lfs ({e IIesé gganqp reg Solf\%ﬁle?sr ;[urlecrlngasnt 6}[5 e3ao %euIP se{r;[atelge Bﬁovelj?lga IIP riate

useful fillers, and are not meant to encompass all useful fillers. In some instances, it is
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An alternative nethod of meking the abrasive article uses thernoplastic
bi nder. The at-tide can be prepared with or without a backing. Typically,
t he t her mopl2a@i(2838WW0O 20091023387PCT/ US2008/ 069396 bi nderCTAISR@S8i06%396
particles and any optional additives are conpounded together according to
conventional techniques to give a mxture, feeding the mxture into an
extruder, and optionally formng the m xture into pellets or |ong stands.
The abr agireferabia togise ajbiendied iwe oF mote é@%miﬁw@ct@cﬁ@wf ﬁilela T/leerﬁléetryn%frbe
conventlonal Pr.oL.oc a e.abra ormed by
o ot | o BB ASRERET EiRro i g Bhgeh WFE SRl drhesi® (R gdE obOVe
essent i alfby ablasive PURICES. PR BNérs cshoﬁlbaldﬁlesmseeeetcmivteaicfht@fmg be tRbE@SEte

article surface. The mixture may also be heated to the point at which it
forms a rigifeess. slurry, which is then supplied to a nold and cool ed.
Altegnatuy dys it is also possible to heat the binder until it flows and

t hen” add ive 10 particles and any additives to formthe nolten slurry

and then converte dxpesdanldfensusfadé by a isethRoAdUcRS11Y hod A0St &S abiasingarticle
conventional nethods. hj ects and advantages of this disclosure arc

further ithttusatgined plpraliie Grfoqthrwwa@s@éﬂﬁrpdléeersqﬁutn eheingder t iThg| partigieter i al s
d
and dot o PEmtIEER e BRIk RS S P IR obihy BBeRbiflighofbL! o

Exanpl es e}eﬁlblel,:’ﬁiomeduﬁ@er id revoakrli?, ttie @ésu&iﬂ’gudiﬁiﬁﬂivd)ﬁrtﬁw MGy \cecald ticbeqﬂ @8l to

renove netal froma wafer surface 20 was determ ned bé>Test Procedure 1.
Thi 80 t estungeesetadle ecrafrhasl iat by egsp@i?égwﬁlgaaf%f dronygrselye &f thprhindgifiar t%)ur face

for this st t Lopper
or alum ntt?% (%g %8@9%195 r OB 1? fh %pFOty& b‘?’ag@ras ‘“y\g{t%etw éu?ﬁ&% dﬂﬁ Coat ed
waf er wasmadifleatfohgitoeess onglag haw@baﬂ argiclel dv@abihEs erhm; theltandangs sclebite@dh®t er of

100 mm and a thi ckness of about 5 mm was purchased from either \Wafernet
25 or Si Inrewde (g q@é@@d\ﬁ@%&ﬂf@&@wfﬁhﬁbraﬁm prtigfe. san Jose, CA. Before

deposi tion of 'fﬂ%%égl)%}r@hb ¥R are ﬁeé flal @ raf)llg%'iﬂﬁ%i‘ 2616 1s( iTh%scrlP]ﬁlﬁarquel ly

grown silicon oxXi rown on e Sil1con wa I’ surtace ayer was

appt®xi medapible of %szmmgr eupsdly hnpc]k expansusasnte thasiaroesy @ fhiiadon enegyi ) or
a titaniumnitrjde adhesign/barrier |ayer was deposited on the thernal

oxi de | ay&ne profefred subsst f @%ﬁ‘pé@dl@qlowrahfﬁéolﬁlqiﬁrckrﬁ@s@oréfmalwe wthyleycebt ween
about 30 an i e ut
100 to 3§gﬁﬁﬂ%ﬁ§§$Pgﬁgﬁg un| or%& éb& g%?h@bh%g%%grﬂﬁygﬁ%%ﬁiﬁﬂﬁgﬁas

t hen depQaneﬂwmwﬁﬂuMCNQMQQﬂaﬁSBBﬂaﬁ&hUSQQﬂ&bﬁﬁﬁsgﬁvmgepauhnm@nﬁhaieuusing

physi cal vapor deposition (PVD). The t hi ckness of the netal |ayer was
measur ed WisHHEHe! a5y STRNPs mtdenically unsatpgated gopomgrs AT AdiZRES S 2SS ed

e e e
oligomers, cthylenically unsaturated monomers or diluents, acrylate dispersions, and
mixtures thereof. The term acrylate includes both acrylates and methacrylates.

The binders for the abrasive articles of this disclosure are preferably formed from
an organic binder precursor. The binder precursor preferably is capable of flowing
25 sufficiently so as to be coatable, and then solidifying. Solidification may be achieved by
curing (e.g., polymerizing and/or crosslinking) and/or by drying (e.g., driving off a liquid),
or simply upon cooling. The binder precursor may be an organic solvent-borne, a water-
borne, or a 100% solids (i.e., a substantially solvent-free) composition. Both
thermoplastic and thermosetting polymers or materials, as well as combinations thereof,
30 may be used as the binder precursor.

In many instances, the abrasive composite is formed from a slurry of a mixture of

abrasive particles and a binder precursor. The abrasive composite may comprise by
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5 backing avail able from Rodel of Newark, DE, under the trade designation
"DF200", and the assenbly was placed into a spring | oaded plastic retaining
ring. Thewebkwasizszm7articl e of the exanple was adhered t ®Cca/USB@BAR396uUppOTr t
pad was affixed to the platen of the Strasbaugh. The carrier head hol ding
the wafer was brought into contact with the abrasive 10 article and then
the wafer was rotated at about 100 rpm and the abrasive article was rotated
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with dei ohe bedkingaretiangl fdierser addithves.net al removal rate was cal cul ated by

determning t C el t.al fd i S . LAl i ore
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same | ocahatofigd dapablg of pelysameirfeOihd/d?Qrodslipitiar @poBekpeart fovwratitl/bd ver

readi ngs were averaged to determne the renoval rate in Angstrons per
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hydr ogen peroxi de was used as the working fluid. The silicon oxide wafers
were run aiHBRRIaY| mi pAlymesndi ficBns %0 t Rs¥Blads edurearfotmrldehyda)  drpArmeerst est

waf ers. i i i j - LRL ticles
114, 30 MaRE ARTHON e B Bnd BB b b A D BN BT B Bl
m ctHnet ecntlitt Pklyhdrsridcludimgcacrylpek was hethadryllaecahais vimd aaryladshyégnecd
acrylic acid-co-polé%pr prinmer on the front surface PVDC A 100 microneter
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thi ck (3 OSXiEd| aqrhilatad) visthapest dryipicdnplyeidpnpeigloasd pelygliesy MiRnehe® ori de
prime on atcﬂﬁatgﬁ Q)ﬂg, aﬁlldrafc?ﬁgted silicones, alkyd polymers such as urethane alkyd polymers,
polyester polymers, reactive urethane polymers, phenolic polymers such as resole and
novolac polymers, phenolic/latex polymers, epoxy polymers such as bisphenol epoxy
20 polymers, isocyanates, isocyanurates, polysiloxane polymers including alkylalkoxysilane
polymers, or reactive vinyl polymers. The polymers may be in the form of monomers,
oligomers, polymers, or combinations thereof.
The preferred aminoplast binder precursors have at least one pendant alpha,
beta-unsaturated carbonyl group per molecule or oligomer. These polymer materials are
25 further described in U.S. Patent Nos. 4,903,440 (Larson et al.) and 5,236,472 (Kirk et al.).
Ethylenically unsaturated binder precursors include both monomeric and
polymeric compounds that contain atoms of carbon, hydrogen and oxygen, and optionally,
nitrogen and the halogens. Oxygen or nitrogen atoms or both are generally present in
cther, ester, urcthane, amide, and urea groups. The ethylenically unsaturated monomers
30 may be monofunctional, difunctional, trifunctional, tetrafunctional or even higher
functionality, and include both acrylate and methacrylate-based monomers. Suitable

cthylenically unsaturated compounds are preferably esters made from the reaction of
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SR256 2 (2-ethoxyethoxy) ethyl acrylate, commercially available from
Sartonmer Co., Inc,. under the trade designation "SARTOMER SR256" SR339

2- phenoxywet2hgdo23s87yl at c, conmerci ally avail abl e from Sactrarsesos@e396 | nc. ,
under the trade designation "Sartoner SR339" SR351 Tri nethyl ol propane
triacrylate (TMPTA),comercially available from Sartoncr Co., Inc., under
the trade designation "Sartomer SR351" SR492 Propoxyl ated TMPTA,

commrer ci alompounds Feitiningr diphshe menehydioxy groups, orudléndiatie pelyhydweay dereirmnat i on

"SARTOVER SR492" 01, Praopoxvl ated TMPTA,. co rciall avai l,abl e fr.om
R Fyger e BB RSN s FYal s SR it BiBayfRnfo hGf

Sart omer n

ur et hane @étopicaicrl, ifcansigd avidt br ArnRheRady RebhbntaeveydahiplesCEmaimRyieiadll
avai l able from Sartomer Co., M., under the trade designation "CN 980 MO"

LR8893 2,ups@uratdmempramsnz sigludgi phethyll mpHbropripise ehyldengthemiylgte, styrene,
photoinitj.ato C reial l vai | abl e from BASF, arlott NC under, t he
Prace decl Shabenf SR aRK Bl Aol SETT maPRRURE: Svahiver 808N |
avai | abl exchy18) | 5ldrédiEr popy MemethWidyltd) 9thgBroxPE bubderactyige ! riadeodesbgpiat i ons

"HYPERMER PS4" and ' I'- TYPERVER FP4" D111 A di spersing agent,” conmercially
avai | abl en¢thesaylRiek Everi acrygge) iasflorarylds aaeactens racadeted exsipeeatonsn

"D SPERB%tﬂ[%Ia‘%FQetrahydrofurﬁ,lryl methacrylate, cyclohexyl acrylate, stearyl acrylate,
2-phenoxyethyl acrylate, isooctyl acrylate, isobornyl acrylate, isodecyl acrylate,
10 polyethylene glycol monoacrylate, polypropylene glycol monoacrylate, vinyl toluene,
cthylene glycol diacrylate, polyethylene glycol diacrylate, ethylene glycol dimethacrylate,
hexanediol diacrylate, triethylene glycol diacrylate, 2 (2-ethoxyethoxy) ethyl acrylate,
propoxylated trimethylol propane triacrylate, trimethylolpropane triacrylate, glycerol
triacrylate, pentaerthyitol triacrylate, pentaerythritol trimethacrylate, pentaerythritol
15 tetraacrylate and pentaerythritol tetramethacrylate.  Other ethylenically unsaturated
materials include monoallyl, polyallyl, or polymethallyl esters and amides of carboxylic
acids, such as diallyl phthalate, diallyl adipate, or N,N-diallyladipamide. Still other
nitrogen containing ethylenically unsaturated monomers include tris(2-acryl-
oxyethyl)isocyanurate, 1,3,5-tri(2-methyacryloxyethyl)-s-triazine, acrylamide,
20 methylacrylamide, N-methyl-acrylamide, N,N-dimethylacrylamide, N-vinyl-pyrrolidone,
or N-vinyl-piperidone.
A preferred binder precursor contains a blend of two or more acrylate monomers.
For example, the binder precursor may be a blend of trifunctional acrylate and a
monofunctional acrylate monomers. An example of one binder precursor is a blend of
25 propoxylated trimethylol propane triacrylate and 2 (2-ethoxyethoxy) ethyl acrylate. The
weight ratios of multifunctional acrylate and monofunctional acrylate polymers may range
from about 1 part to about 90 parts multifunctional acrylate to about 10 parts to about 99
parts monofunctional acrylate.
It is also feasible to formulate a binder precursor from a mixture of an acrylate and
30 an epoxy polymer, e.g., as described in U.S. Patent No. 4,751,138 (Tumey et al.).
Other binder precursors include isocyanurate derivatives having at least one

pendant acrylate group and isocyanate derivatives having at least one pendant acrylate
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Ceria abrasive particles having an average particle size of about 0.5
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m croneter, comrercially available from Praxair Surface Technol ogi es,

| ndi anapdtolgicryilate uerdeelyt msthacadee aasthgaatcisrs oA-hyEroxx] fgmpmated isocyanate

3- met hacr ropyltrinethoxysil ane.couplin gent , .. comer.cial | ai | abl e
7 om 051 SseRrgI el TR, PORSKRRT) B a2, APREte 8 CVTREb Tt AL

"A- 174" SROBAEsRAEpExHosE afddrany entidtang! WCVITHIAREI 3828} £vallble fiemh MG

TR52039 Mostly al pha al umina particles Qavin§ aq,averagf particle size of
about 0. Lhendedn CHR 46HEd ﬁ‘:WE?nS#@Qr,@n@:ogb/B? $Pon av fram URNB Radcgrey

Primed P":S-lbegiiait{ys,ogﬁl%g,ee%&c; r‘%ﬁdﬁbM%ﬁ”p%EﬁE i(g.g.’, PWd”f@lQﬁ:ﬁ@@Old?Efrom Henkel
Corp., Hoboken, NJ; “EBECRYL 220” (hexafunctional aromatic urethane acrylate),

10 “EBECRYL 284” (aliphatic urethane diacrylate of 1200 diluted with 1,6-hexanediol
diacrylate), “EBECRYL 4827 (aromatic urcthane diacrylate), “EBECRYL 4830”

(aliphatic urethane diacrylate diluted with tetracthylene glycol diacrylate), “EBECRYL
6602 (trifunctional aromatic urethane acrylate diluted with trimethylolpropane ethoxy
triacrylate), “EBECRYL 840 (aliphatic urethane diacrylate), and “EBECRYL 8402”
15 (aliphatic urethane diacrylate) from UCB Radcure Specialties; and “SARTOMER” resins
(e.g., SARTOMER 9635, 9645, 9655, 963-B80, 966-A80, CN98OMS50, etc.) from
Sartomer Co., Exton, PA.
Yet other binder precursors include diacrylate epoxy esters as well as polyacrylate
or poly methacrylate epoxy ester such as the diacrylate esters of bisphenol A epoxy
20 polymer. Examples of commercially available acrylated epoxies include those under the
tradename “CMD 3500, “CMD 3600, and “CMD 3700”, available from UCB Radcure
Specialties.
Other binder precursors may also be acrylated polyester polymers. Acrylated
polyesters are the reaction products of acrylic acid with a dibasic acid/aliphatic diol-based
25 polyester. Examples of commercially available acrylated polyesters include those known
by the trade designations ‘“PHOTOMER 5007” (hexafunctional acrylate), and
“PHOTOMER 5018 (tetrafunctional tetracrylate) from Henkel Corp.; and “EBECRYL
80” (tetrafunctional modified polyester acrylate), “EBECRYL 450 (fatty acid modified
polyester hexaacrylate) and “EBECRYL 830” (hexafunctional polyester acrylate) from
30 UCB Radcure Specialties.
Another preferred binder precursor is a blend of ethylenically unsaturated oligomer

and monomers. For example the binder precursor may comprise a blend of an acrylate
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phase separation. Examples of suitable plasticizers include polyethylene glycol, polyvinyl

chloride, dibutyl phthalate, alkyl benzyl phthalate, polyvinyl acetate, polyvinyl alcohol,

cellulose esters, silicone oils, adipate and sebacate esters, polyols, polyols derivatives,

t-butylphenyl diphenyl phosphate, tricresyl phosphate, castor oil, or combinations thereof.
25 Phthalate derivatives are one type of preferred plasticizers.

In the case of binder precursors containing ecthylenically unsaturated monomers
and oligomers, polymerization initiators may be used. Examples include organic
peroxides, azo compounds, quinones, nitroso compounds, acyl halides, hydrazones,
mercapto compounds, pyrylium compounds, imidazoles, chlorotriazines, benzoin, benzoin

30 alkyl ethers, diketones, phenones, or mixtures thereof. Examples of suitable commercially
available, ultraviolet-activated photoinitiators have tradenames such as “IRGACURE 651”

and “IRGACURE 184”, commercially available from the Ciba Geigy Company and
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20 netal test wafers (designated 1-1 to 1-10) were polished with the sane
abrasive article, and a thernmal oxide wafer was polished for 2 m nutes
prior to wbeodwmsig7netal test wafer and then between eaebTasc@sssizve net al
test wafer a thernmal oxide wafer was polished for 4 mnutes. For Article 2,
a thermal oxide wafer was polished for 2 mnutes prior to the netal test
wafer. For Article 3, a thermal oxide wafer, a netal wafer, and a second 25
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R L L ey
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Preferred photosensitizers having carbonyl groups are benzophenone, acetophenone,
benzil, benzaldehyde, o-chlorobenzaldehyde, xanthone, thioxanthone, 9,10-anthraquinone,
or other aromatic ketones. Preferred photosensitizers having tertiary amines are

10 methyldiethanolamine, ethyldiethanolamine, tricthanolamine, phenylmethyl-ethanolamine,
or dimethylaminoethylbenzoate. = Commercially available photosensitizers include
“QUANTICURE  ITX”, “QUANTICURE QTX”, “QUANTICURE PTX”,
“QUANTICURE EPD” from Biddle Sawyer Corp.

In general, the amount of photosensitizer or photoinitiator system may vary from

15 about 0.01 to 10% by weight, more preferably from 0.25 to 4.0% by weight of the
components of the binder precursor.

Additionally, it is preferred to disperse (preferably uniformly) the initiator in the
binder precursor before addition of any particulate material, such as the abrasive particles
and/or filler particles.

20 In general, it is preferred that the binder precursor be exposed to radiation energy,
preferably ultraviolet light or visible light, to cure or polymerize the binder precursor. In
some instances, certain abrasive particles and/or certain additives will absorb ultraviolet
and visible light, which may hinder proper cure of the binder precursor. This occurs, for
example, with ceria abrasive particles. The use of phosphate containing photoinitiators, in

25 particular acylphosphine oxide containing photoinitiators, may minimize this problem. An
example of such an acylphosphate oxide is 2,4,6-trimethylbenzoyldiphenylphosphine
oxide, which is commercially available from BASF Corporation under the trade
designation “LR8893”. Other examples of commercially available acylphosphine oxides
include “DAROCUR 4263 and “DAROCUR 4265”, commercially available from Merck.

30 Cationic initiators may be used to initiate polymerization when the binder is based
upon an epoxy or vinyl ether. Examples of cationic initiators include salts of onium

cations, such as arylsulfonium salts, as well as organometallic salts such as ion arene
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systems. Other examples are reported in U.S. Patent Nos. 4,751,138 (Tumey et al.);
5,256,170 (Harmer et al.); 4,985,340 (Palazotto); and 4,950,696.
Dual-cure and hybrid-cure photoinitiator systems may also be used. In dual-cure
photoinitiator systems, curing or polymerization occurs in two separate stages, via either
5 the same or different reaction mechanisms. In hybrid-cure photoinitiator systems, two
curing mechanisms occur at the same time upon exposure to ultraviolet/visible or e-beam
radiation.
The abrasive composite may include other additives such as abrasive particle
surface modification additives, passivating agents, water soluble additives, water sensitive

10 agents, coupling agents, fillers, expanding agents, fibers, antistatic agents, reactive
diluents, initiators, suspending agents, lubricants, wetting agents, surfactants, pigments,
dyes, UV stabilizers, complexing agents, chain transfer agents, accelerators, catalysts, or
activators. The amounts of these additives are selected to provide the properties desired.

Water and/or organic solvent may be incorporated into the abrasive composite.

15 The amount of water and/or organic solvent is selected to achieve the desired coating
viscosity of binder precursor and abrasive particles. In general, the water and/or organic
solvent should be compatible with the binder precursor. The water and/or solvent may be
removed following polymerization of the precursor, or it may remain with the abrasive
composite.

20 Examples of ethylenically unsaturated diluents or monomers can be found in U.S.
Patent No. 5,236,472 (Kirk et al.). In some instances these cthylenically unsaturated
diluents are useful because they tend to be compatible with water. Additional reactive
diluents are disclosed in U.S. Patent No. 5,178,646 (Barber et al).

Abrasive Composite Configuration

25 There are many different forms of three-dimensional, textured, abrasive articles.
Examples of representative forms are schematically illustrated in Figures 4, 5, 6, and 7.
Preferred abrasive composites may be precisely shaped (as defined in the
Summary above) or irregularly shaped, with precisely shaped composites being preferred.
The individual abrasive composite shape may have the form of any of a variety of
30 geometric solids. Typically the base of the shape in contact with the backing has a larger
surface area than the distal end of the composite. The shape of the composite may be

selected from among a number of geometric solids such as a cubic, cylindrical, prismatic,
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rectangular, pyramidal, truncated pyramidal, conical, hemispherical, truncated conical,

cross, or post-like cross sections with a distal end. Composite pyramids may have four

sides, five sides or six sides. The abrasive composites may also have a mixture of

different shapes. The abrasive composites may be arranged in rows, in spirals, in helices,
5 or in lattice fashion, or may be randomly placed.

The sides forming the abrasive composites may be perpendicular relative to the
backing, tilted relative to the backing or tapered with diminishing width toward the distal
end. If the sides are tapered, it is casier to remove the abrasive composite from the
cavities of a mold or production tool. The tapered angle may range from about 1 to

10 75 degrees, preferably from about 2 to 50 degrees, more preferably from about 3 to
35 degrees and most preferably between about 5 to 15 degrees. The smaller angles are
preferred because this results in aconsistent nominal contact area as the composite wears.
Thus, in general, the taper angle is a compromise between an angle large enough to
facilitate removal of the abrasive composite from a mold or production tool and small

15 enough to create a uniform cross sectional arca. An abrasive composite with a cross
section that is larger at the distal end than at the back may also be used, although
fabrication may require a method other than simple molding.

The height of each abrasive composite is preferably the same, but it is possible to
have composites of varying heights in a single abrasive article. The height of the

20 composites with respect to the backing or to the land between the composites generally
may be less than about 2,000 micrometers, and more particularly in the range of about 25
to 200 micrometers.

The base of the abrasive composites may abut one another or alternatively, the
bases of adjacent abrasive composites may be separated from one another by some

25 specified distance. In some embodiments, the physical contact between adjacent abrasive
composites involves no more than 33% of the vertical height dimension of each contacting
composite. More preferably, the amount of physical contact between the abutting
composites is in the range of 1 to 25% of the vertical height of each contacting composite.
This definition of abutting also covers an arrangement where adjacent composites share a

30 common abrasive composite land or bridge-like structure which contacts and extends
between facing sidewalls of the composites. Preferably, the land structure has a height of

no greater than 33% of the vertical height dimension of each adjacent composite. The
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t her mal oxi de wafer was polished for I mnute (60 seconds) prior to WO
2009 023 3970 1952dos8/ ogggggreal density of composites ranges from about 1 to

10,000 composites/cm’.

It is also feasible to have areas of the backing exposed, i.c., where the abrasive
coating does not cover the entire surface area of the backing. This type of arrangement is
further described in U.S. Patent No. 5,014,468 (Ravipati et al.).

15 The abrasive composites are preferably set out on a backing in a predetermined
pattern or set out on a backing at a predetermined location. For example, in the abrasive
article made by providing a slurry between the backing and a production tool having
cavities therein, the predetermined pattern of the composites will correspond to the pattern
of the cavities on the production tool. The pattern is thus reproducible from article to

20 article.

In one embodiment of the predetermined pattern, the abrasive composites are in an
array or arrangement, by which is meant that the composites are in a regular array such as
aligned rows and columns, or alternating offset rows and columns. If desired, one row of
abrasive composites may be directly aligned in front of a second row of abrasive

25 composites. Preferably, one row of abrasive composites may be offset from a second row
of abrasive composites.

In another embodiment, the abrasive composites may be set out in a “random”
array or pattern. By this it is meant that the composites are not in a regular array of rows
and columns as described above. For example, the abrasive composites may be set out in

30 a manner as described in WO PCT 95/07797 published March 23, 1995 (Hoopman et al.)
and WO PCT 95/22436 published August 24, 1995 (Hoopman et al.). It is understood,

however, that this “random” array is a predetermined pattern in that the location of the
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the metal test wafer. Multiple test wafers were tested with each exanple
(i.e., the sane abrasive article was used multiple tines), with two data
poi nt s cavoub@tmesdsand averaged for each run. Tabl e 3 belPowuse@sntsé he
metal renmoval rates for the various runs. 5Table 3 Article Renoval Rate
(Amn.) 6 2872 6 3004 6 2559 6 2308 6 2307 7 2146 7 685 7

composites on the abrasive article is predetermined and corresponds to the location of the
cavities in the production tool used to make the abrasive article.

The three-dimensional, textured, abrasive article also may have a variable abrasive
coating composition. For example, the center of an abrasive disc may contain an abrasive

5 coating that is different (e.g., softer, harder, or more or less erodible) from the outer region
of the abrasive disc.

The abrasive article 40 in Figure 4 has pyramidal abrasive composites 41 fixed or
bonded to backing 42. There are recesses or valleys 43 between adjacent abrasive
composites. There is also a second row of pyramidal abrasive composites offset from the

10 first row. Outermost point or distal end of the pyramidal abrasive composites contacts the
wafer surface during processing.

The abrasive article 50 in Figure 5 has irregular shape, pyramidal abrasive
composites. In this particular illustration, the abrasive composite has a pyramidal type
shape. Boundaries which define the pyramid are irregularly shaped. The imperfect shape

15 can be the result of the slurry flowing and distorting the initial shape prior to significant
curing or solidification of the binder precursor. An irregular shape is characterized by
non-straight, non-clear, non-reproducible, inexact or imperfect planes or shape boundaries.

The abrasive article 60 in Figure 6 has truncated pyramid abrasive composites 61.

The abrasive article 70 in Figure 7 has both “cross” shape 71 and an “x” shape 72

20 abrasive composites. The abrasive composites are set out in a pattern of rows. The
abrasive composites in various rows are offset from one another and do not directly align
with the abrasive composites in an adjacent row. Further, the rows of abrasive composites
are separated by space or valley. The valley or space may contain only a very small
amount (as measured by height) of abrasive composite or may contain no abrasive

25 composite. Another arrangement or configuration of abrasive composites is similar to
Figure 6, except that ecach alternating row comprises either abrasive composites having the
“cross” shape or abrasive composites having the “x” shape. In this arrangement, the
abrasive composites from the odd rows are still offset from the abrasive composites from
the even rows. In the above described arrangements of cross-shaped or “x”-shaped

30 composites, it is preferred that the length of one line forming either the cross or the x
shape is about 750 micrometers and the width of one line forming either the cross or the x

shape is about 50 micrometers.
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1306 Article 8 was prepared by conbining, in order, 37.51 grans of
CD501, 112.51 grans of SR256, 16.53 granms of D 111, and 4.80 grans of
LR8893 amwlorenogimgssmi t h a hi gh shear m xer for | m nute. PelidSeomsosdsbe
stirring, 400.00 granms of AAF were added and the 10 abrasive slurry was
m xed for approximately 10 additional mnutes. This abrasive slurry was
then coated onto PVDC according to the General Procedure for Mking the
Abr asi ve Arti chepreferred mpghpcfos 9aking 45r eprsed WC]@oh@ilm nyccisaly gvhalegd

grame of BB OITIOWsS g ARIBRE HBA6T TRRINAH i gt RSP g

m xer fors,4398 1suSpurddbh lce as) | Othed Ubdckibigns SK3higblamhcthd dsCEOryRiRdadded. and
the abrasive slurry was m xed for ap?rOX|nater 10 additional mnutes. This

abr asi ve Rgtant NPSV\%@H T‘\%(%w@h 4#\(5@@@@ étrflii)n?gldt%3(i4a%23(§é’|h@ﬁéﬁt al.).
Pr oce dur elg]acn?l{ e il retfefrgbl 9 &ucye 1'§‘ratclec ! &n. 1r0 rn%q (SQ gl \all%laasl%_tlg(glc?ass ? 000,

Artitcles accor dure on” copper,

but vari (M%laé@ndi,()()@clbhrutdd)&l vwhﬁnluﬁ@aanmnt@hlhaﬁdma,th@aﬁrwdmhclexl de waf er
was polished for 1 mnute (60 seconds) prior to the nmetal test wafer using

DI water as thesyibks mgthpd mcéludepraméhlmetomnsmlgélbwésve@@wlqs@bméarch

test excaplol O LG GARRLLIANLLS SoRalt D SEORuoNNLE MRS, LERERTHRIRO € he

sanme pad ‘o I'c acl

reports tlh@o&wﬂgl the sfurtyi @so th%ﬁbdvﬁﬂéﬁi of BrotRicabn tdBY@Ahg hadl@alifyost dahics;
25various runs. WO 20091023387PCT/ U82008/ 069396 Table 4 Working Fl ui d
ArtiQl e gnicedrsing 2 Raeking kerithe §lumy corsrad ourkasroohihc P ductian ipel; )anqhzo lgsst

tested 1%%rt1ally curing or gelling the binder precursor before the article departs from the cavities
of the production tool to form abrasive composites.

The slurry is made by combining together by any suitable mixing technique the
binder precursor, the abrasive particles and the optional additives. Examples of mixing

15 techniques include low shear and high shear mixing, with high shear mixing being
preferred. Ultrasonic energy may also be utilized in combination with the mixing step to
lower the slurry viscosity (the viscosity being important in the manufacture of the abrasive
article) and/or affect the rheology of the resulting abrasive slurry. Alternatively, the slurry
may be heated in the range of 30 to 70°C, microfluidized or ball milled in order to mix the

20 slurry.

Typically, the abrasive particles are gradually added into the binder precursor. It is
preferred that the slurry be a homogeneous mixture of binder precursor, abrasive particles
and optional additives. If necessary water and/or solvent is added to lower the viscosity.
The formation of air bubbles may be minimized by pulling a vacuum either during or after

25 the mixing step.

The coating station can be any conventional coating means such as drop die coater,
knife coater, curtain coater, vacuum die coater or a die coater. The preferred coating
technique is a vacuum fluid bearing die reported in U.S. Patent Nos. 3,594,865; 4,959,265
(Wood); and 5,077,870 (Millage). During coating, the formation of air bubbles is

30 preferably minimized although in some instances it may be preferred to incorporate air
into the slurry as the slurry is being coated into the production tool. Entrapped air may led

to porosity such as voids in the abrasive coating and possibly increase the erodibility of
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H202 1007 2471 HNO3 1598 175 HNOG3 + Benzotriazole 569 0 NHAOH 1940 1597
NHAOH + KI Fe(CN) 6 5475 5713 The various working fluid solutions were
made as fwbDl200912338Bhe H202 sol uti on was made by di | uti ngP8@AsShyidnezen
peroxi de (by weight) with an equival ent wei ght of 5deionized water. The
NHACH sol uti on was nmade by conbining 10 mM of 30% amoni um hydroxi de (by

wei ght) with enough & onized water to make 1,000 m total volume.
the abrasive composite. Additionally, a gas can be pumped into the slurry either during

mixing or coating.
After the production tool is coated, the backing and the slurry are brought into
contact by any means such that the slurry wets a surface of the backing. The slurry is
5 brought into contact with the backing by contact nip roll which forces the resulting
construction together. The nip roll may be made from any material; however, the nip roll
is preferably made from a structural material such as metal, metal alloys, rubber or
ceramics. The hardness of the nip roll may vary from about 30 to 120 durometer,
preferably about 60 to 100 durometer, and more preferably about 90 durometer.

10 Next, energy is transmitted into the slurry by energy source to at least partially
cure the binder precursor. The selection of the energy source will depend in part upon the
chemistry of the binder precursor, the type of production tool as well as other processing
conditions. The energy source should not appreciably degrade the production tool or
backing. Partial cure of the binder precursor means that the binder precursor is

15 polymerized to such a state that the slurry does not flow. If needed, the binder precursor
may be fully cured after it is removed from the production tool using conventional energy
sources.

After at least partial cure of the binder precursor, the production tool and abrasive
article are separated. If the binder precursor is not fully cured, the binder precursor can

20 then be fully cured by either time and/or exposure to an energy source. Finally, the
production tool is rewound on mandrel so that the production tool can be reused again and
abrasive article is wound on a second mandrel.

In another variation of this first method, the slurry is coated onto the backing and
not into the cavities of the production tool. The slurry coated backing is then brought into

25 contact with the production tool such that the slurry flows into the cavities of the
production tool. The remaining steps to make the abrasive article are the same as detailed
above.

It is preferred that the binder precursor is cured by radiation energy. The radiation
energy may be transmitted through the backing or through the production tool. The

30 backing or production tool should not appreciably absorb the radiation energy.
Additionally, the radiation energy source should not appreciably degrade the backing or

production tool. For instance, ultraviolet light can be transmitted through a polyester

47-



The NHAOH K1Fe(CN) 6 sol ution was made by creating the previously described
NHAOH sol ution, then conbining 990 g of the NHACH solution wth 10 g of
K3Fe( CN) owandosai2szsri ng until the salt was conpl etely di ewlvseas/oddses HNO3
solution was made by 10 conbining 10 m of 70% HNO3 (by weight) in water
wi t h enough dei oni zed water to nake 1,000 ml total volume. The
HNC3Thenzotri azol e sol ution was nade by creating the previously described

HNCB sol tacking. th*éﬁmwfvﬁliyrnlﬁgh@)am@uqﬁlfont toal 1sonedd dreny ackain gheampblﬁstlc

benzotri az e and stir i e be nzot r ssol ved

pr ocedur dntpteiGaSud ol el AFuBRGE: ch GRS R BURRREY PG For i ng
about 5, Q@ﬁo@@g@bry@fﬂsthsaf n&tﬂalcg@aeﬂlp@xylﬂahm ngol?vinbﬁlhmﬁdedﬁf-)‘éﬁmbin@ﬂons
techni que on the surface of a inch silicon wafer. The wafer was patterned

by et chi rt@eraofs @ktraé@l@for wdolﬂﬂlghfdnasshwa@m@@d mr@ghttbe arodeption tepl %ﬁﬁduto 5, 000
f
TPt s MUExEd o SHelmb Rt B5n P g et s SRARbE R B

was pol i shedbifagife artidDé aﬁouod bd s& SUich Wi Tx s hikhtnig ndokeridresd.c ofpessiveof 15%
hydr ogen peroxi de, 0.425% phosphoric acid, 0.2% benzotrizole, 8%

pol yet hy Iheakis geperafied (thisressudisterteeingh the foymepastisgpdlingd to t he waf er duri ng
pol i shi ng. Th%@r@%{é dso‘ﬁ?cre%nériﬁﬂéeng {M ?éiof‘ﬁle}‘}ﬁél%% eggeo;rc?%(ﬁ% ot en%ggfc‘ i dycant

areas of the wafte ani um r enov e sur e of the

waf er, exgodedthnt beans, hlmwal@mghe b isitfic |1aher Excembuhtnof kecrgl cloggircd00
m cron square features. WO 20091023387PCT/ US2008/ 069396 The fol | ow ng
exahdl es deanrsicn; the shemisalpatpicraf the reagdve groups HbihsdnndsT PECUBPaRarTZl #y a

copper -d gﬁl trhgdtg%khésgoﬁlmgfsnyt 8¢ ‘?ht Bﬁlrd lsblwgdq:&ttﬂgrn%%gegﬁggy, 3§85 8% rt icle

10 was pr par e conbining, rn or rans o gr ans

of SR339 teﬂ;@er&&r@bﬁffsmodbomwc ‘@rtd)oét BS(IjCaaﬁBi OiurbiBB8Bframchbouxi Nenimitésh a
high 5 shear mxer for 1 mnute. Wiile still stirrin 370. 01 grans_ of
TRS2039 \iaetbaedkuheusy af%%enﬁﬁf”é{sﬁuﬁém@}turm?ﬁtMSb%@éla 18P OAPYHERE Ardidion 10

addi tiongj, ﬁ?ld&&isat a ér?er?)gr Pa?du‘t”orﬁ/ 1 Bl HGM g?@f&erg &OatFanlen%Félor di ng

to the Gen rocedure |ngthe rasive e us

pol ypr opybesefpitdudt tcoabduwol0 Middc h Leatiaieneaistin trichrick riadlb]t@ons hayieg of
cylinders. The cylinders were about 175 mcrons in diameter and about 2.5
m s 10higyelgneh withiwas .rﬁg%eaqfe%b%@% tarabgplotf0 nppgmeters, prefgrably | vaithin aygs

tested acrglgé dbfﬂb&ﬂ 3408 TR @Lnﬁ’ﬁ QAT eyidiie 308 afi n&'i ek'rgdl%oﬁ ﬂﬁv gxt ont

m cron square features on er wer e neasure etermne t

of di shi n)gaweh:ngme\aﬁhmm ﬂah@ sfuabioat400nMoi ablouh&i) mppetersr prnefeedlytia accapgsel t he
silicon dioxide stop The Tencor P-22 profiloneter was used to
measur e ta98UHIHP 3 Out§i5§ PANYPYFEnt sites on the 15wafer were measured. The

neasggir enent s afyfp Ireﬁﬁﬂﬁé §6lld1ﬁedT§Qﬁ§ o -abra@Rk %oﬁlp%ﬁeewl:ﬂ BRlcNge (rheRe p%}tern

of the production tool. By at least partially curing or solidifying on the production tool,
the abrasive composite has a precise and predetermined pattern.
The production tool has a front surface which contains a plurality of cavities or
indentations. These cavities are essentially the inverse shape of the abrasive composite
25 and are responsible for generating the shape and placement of the abrasive composites.
These cavities may have geometric shapes that are the inverse shapes of the
abrasive composites. The dimensions of the cavities are selected to achieve the desired
number of abrasive composites/square centimeter. The cavities may be present in a dot-
like pattern where adjacent cavities butt up against one another at their portions where the
30 indentations merge into a common substantially planar major surface of the production

tool formed in the interstices of the cavities.
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1 2957 2 1174 3 2288 4 3504 5 3271 6 2256 Test Procedure |1

20The copper

test pattern wafer was nade by initially form ng about 5,000 Angstrons of
silicon dvoxnae2sm7ng a thermal deposition techni que onprchassesiesses of a 4
inch silicon wafer. The wafer was patterned by etching a series of 100

m cron square features to a depth of about 5,000 Angstrons. The pattern
wafer was then coated with 200 Angstrons of PVD titaniumfollowed by about
10, 000 Angst r ovhs wPdypndeplpasy bearike fast ofxabelt, nelicchal ¢atiadodsovhegt oot al

f 3.0 mputes, i | ution of
(i) 200D a1 S S R R o

020210,9%4% H20i3 O or dic
WA appt T'ed “Y'o" WO |

20091023 3heRsrd kéndd 08610883 96 made of metal, (e.g., nickel), metal alloys, or plastic. The

10

15

20

25

30

production tool is fabricated by conventional techniques, including photolithography,
knurling, engraving, hobbing, electroforming, or diamond turning. For example, a copper
tool may be diamond turned and then a nickel metal tool may be electroplated off of the
copper tool. Preparations of production tools are reported in U.S. Patent Nos. 5,152,917
(Pieper et al.); 5,489,235 (Gagliardi et al.); 5,454,844 (Hibbard et al.); 5,435,816
(Spurgeon et al.); PCT WO 95/07797 (Hoopman et al.); and PCT WO 95/22436
(Hoopman et al.).

A thermoplastic tool may be replicated off a metal master tool. The master tool
will have the inverse pattern desired for the production tool. The master tool is preferably
made of metal, such as nickel-plated aluminum, copper or bronze. A thermoplastic sheet
material optionally may be heated along with the master tool such that the thermoplastic
material is embossed with the master tool pattern by pressing the two together. The
thermoplastic material can also be extruded or cast onto to the master tool and then
pressed. The thermoplastic material is cooled to a nonflowable state and then separated
from the master tool to produce a production tool.

Suitable thermoplastic production tools are reported in U.S. Patent No. 5,435,816
(Spurgeon et al.). Examples of thermoplastic materials useful to form the production tool
include  polyesters, polypropylene, polyethylene, polyamides, polyurcthanes,
polycarbonates, or combinations thereof. It is preferred that the thermoplastic production
tool contain additives such as anti-oxidants and/or UV stabilizers. These additives may
extend the useful life of the production tool. The production tool may also contain a
release coating to permit casier release of the abrasive article from the production tool.
Examples of such release coatings include silicones and fluorochemicals.

There are many methods for making abrasive composites having irregularly shaped
abrasive composites. While being irregularly shaped, these abrasive composites may
nonetheless be set out in a predetermined pattern, in that the location of the composites is
predetermined. In one method, the slurry is coated into cavities of a production tool to
generate the abrasive composites. The production tool may be the same production tool as

described above in the case of precisely shaped composites. However, the slurry is
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the wafer during polishing. The anmounts were cal cul ated as wei ght
percentages. Significant areas of the wafer had copper and titani umrenoved
from t he wonb@wesss t he wafer, exposing the silicon oxi #eTatsoslosyses except
in the etched 100 m cron square features. S5Article 11 was prepared by
conbining, in order, 30.0 grams SRO003, 45 granms of SR339, 6.9 grans of
"D1SPERBYK 111" and 2.4 granms LR8893, and mixing with a high shear m xer
for 1 m rameyedpfione the ipradugigon 30w, Wigicaihs ndIRBIZOBYOMWS ceidd et siidifidde

abr asi ve slun- s.mxed far approximtely 10 additi.onal, m nutes.  The

br ast ve ‘SRR ik SO bR uS BB e bt N PR e O e aur o

for Maki renbbétRichtioanisy e Bhdd bieliBot Bl digePoriidl i iTed P Wikddeth® bRALE picBirs$00!
whi ch contained cavities in the shape of cylinders or post. Article 11 was

prepar ed i68phepred phad i theqgvitiss lof Hepviradicrion tegh Bastypically resplis mithggbireest ed

accoydingyto T Procedure, |11 an h rofile of the 100 m cron square
feat%resg%orwp%gg%lf@%%tﬁgg%ggﬁF%%p§%t%3§%%erm' ne the extent of dishing in

areas on the suemhagetoviiakb thigttyp®RPabrasReTNEele tage eejj@@@e ih e SsiPhica®Modi oXxi de
stop layer. The 15Tencor P-22 profiloneter was used to neasure the dishing.

Four di f fef Bx205(Ghasmahetiahe and el 48 éRweinatieled.). The measurenents are
reported i Tal £ fruclAbhCafh SRty (TARe Audk 39803 hE8R,3 90 4

1080
backing is then brought into contact with the production tool such that the cavities of the

10 production tool are filled by the slurry. The remaining steps to make the abrasive article
arc the same as detailed above. After the abrasive article is made, it can be flexed and/or
humidified prior to converting.

In another method of making irregularly shaped composites, the slurry can be
coated onto the surface of a rotogravure roll. The backing comes into contact with the

15 rotogravure roll and the slurry wets the backing. The rotogravure roll then imparts a
pattern or texture into the slurry. Next, the slurry/backing combination is removed from
the rotogravure roll and the resulting construction is exposed to conditions to solidify the
binder precursor such that an abrasive composite is formed. A variation of this process is
to coat the slurry onto the backing and bring the backing into contact with the rotogravure

20 roll.

The rotogravure roll may impart desired patterns such as frustums of spheres,
pyramids, truncated pyramids, cones, cubes, blocks, or rods. The pattern may also be
hexagonal arrays, ridges, or lattices. It is also possible to have ridges made of geometric
shapes such as prisms. The rotogravure roll may also impart a pattern such that there is a

25 land area between adjacent abrasive composites. This land area can comprise a mixture of
abrasive particles and binder. Alternatively, the rotogravure roll can impart a pattern such
that the backing is exposed between adjacent abrasive composite shapes. Similarly, the
rotogravure roll can impart a pattern such that there is a mixture of abrasive composite
shapes.

30 Another method is to spray or coat the slurry through a screen to generate a pattern
and the abrasive composites. Then the binder precursor is cured or solidified to form the

abrasive composites. The screen can impart any desired pattern such as frustums of
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20t her abrasive articles that have been prepared are descri bed bel ow
Article 12 was prepared as described for Article 11, however using a

pr oduct i omot2o@lo2basvi ng 960 i "tm posts. Article 13poaarspeospsased as
described for Article 11, however, using a production tool having 1,000 ttm
posts. The production tools arc described in greater detail below 25
Article 14 was prepared by conbining, in order, 30.0 granms SR90003, 45.0
grams of SBRIBYMyramuls, whedatcdapyramids. s@cB- GRS, blodksgpanedst REBO gatteaamdnays4. 5
grans TRS2039. . The ahrasive.slurr s.then coated.onto, Fl accordi o the
Ceneral Arge gt ot B Rl e ol JR AREPES AT b oo, BRES Bi ek
product i qRofeelc sMapGRUCIORS Fridied MO 2000 2338 RELHISORS QOABRB Heayistd €s i n
t he shape of cylinders or post. Article 14 was prepared using a tool having
200 j t m pard area between pgipgant abragvoeempeséigsr Eiis dandgeeredntrompriss a Arkiued of 14,
howeyer, i.hg a_producti. t having., 96 m posts. . Typi.call he .,net hod
of pér/eparail’tl)r%]agsnf;é 4 Crl?assallll\c5ie1t)1§(?1 4 %%een%agw lé’ ’ gle Sgrseg%“% rl&%%laiafpsalkt%rgl S[uﬁléhlsaﬁrt ‘ace of
a waf er sgackiaplie dkpéscd et edidudih@nt PbaRAG daipodiies. NSimilesy, ahé istict@tohgn
step. Before coating the abrasive slurry into a production tool, the.

abr asi ve 1BIpar mypafternfsuch drag ghorhissughkter oh abragive gompesie sBapaimTihis Rregess Gener al
Pr ocedur | k hcle Abrasive articles of Articles 1
- 15 mergeﬁ%{gwﬁ$j$%%ﬁ$gFﬁ%3?ﬁg¥g?ﬁ%%%ﬁ#%: 10 A pol ypropyl ene production

t ool was made AyotE@siictiddpel yikopy lteRe-dimésidnl, RRtuecdyeitadsivenatttie oey
havi ng a castin%ggurface conprised of a collection of adjacent truncated
pyr Y ds.cmbessadebaskinghg Biiadlyw @ icorpossd backmgdp weated avith p sturthat hushéryi n t he

shape of f%flb'&)g ﬁ{eeé%n'?é{lrré’"g% : er;[ %sc?iy lSa?cﬂn%gljo éﬁg%iﬁg ra“ce%?edséﬂ)%{lﬂ%h g tsll}?liyg 10

adj acent bases were spaced apar romo I no nore n abo
m cr onet ansgy KOafpidd ionehthe chibesdee ibgtitin® by hbe agituble tetlaadieckupl hariltcosgiagabout
80 mcroneters, the base was about 178 m croneters per. side and the top was

about 51 Spiavingrelieeatpey ogjkgic coating. pyer 2w shyr srmpphisd opert thergmbagsed
triangul & Q %%kg FrG@lonP g RO i | &hit 200
nicrons,qgcﬁéggﬁf %?l %?%g%%§?gﬁﬁﬁgmge§€Er%Fgmcgﬁkggmgﬁgéggg%okl%%@
m ctHns. tROTHEND 0O paleiie@irapios prqatd &r forinsthe dbrasavgudrapositer ayn kadylel oftir i cal
posts, the posts having a dianeter of 960 mcrons, a height of 75 mcrons,
and a cerfPESCCUMSESS Oh 48 GPasted1 asing isrigpited in U.S. fagent Np b % 2+®n post
pattern is§ kngyhar array of square posts. The posts arc 1,000 m crons
on a sidé,a?ggbﬁ?grdzs hi gh, and have a center to center spacing of 3,400
25mi crons. TheAmguar esthatl | othamMkinghen abinreivorargeit aisirgn aanntaseedobackinigeds Wi t h
one side parallel to one of the |ines connecting the points jn the
triangul arppogfqddy U.S. Patent No. 5,219,462 (Bruxvoort). A slutry 1s coated into the recesses of
20 an embossed backing. The slurry contains abrasive particles, binder precursor and an
expanding agent. The resulting construction is exposed to conditions such that the
expanding agent causes the slurry to expand above the front surface of the backing. Next
the binder precursor is solidified to form abrasive composites.
A variation of this embossed backing method uses a perforated backing having an
25 abrasive coating bonded to the front surface of the backing. This perforated backing will
have a series or a predetermined placement of holes or cavities that extend through the
thickness of the backing. The slurry is coated (e.g., knife coated) over the backing. These
slurry-filled cavities will inherently create a textured abrasive coating. The perforated
backing may optionally be removed after the curing step if the abrasive articles are
30 supported by an appropriate carrier.
An alternative method of making the abrasive article uses thermoplastic binder.

The article can be prepared with or without a backing. Typically, the thermoplastic
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There were about 50 lines/centineter delineating the array of conposites.
The production tool was secured to a netal carrier plate using a masking
type preswoneixwressrti ve adhesi ve tape. An abrasive sl ur pgr/usesnsiosispeg of
the ingredients listed in each 30 exanple, was m xed using a high shear

m xer until honogenous. The abrasive slurry was then typically filtered
through a 60 umor 80 umfilter. This abrasive slun-y was then coated into
t he cavi thiederofbrasiec partelgs epdany opiionsd padjtiscssiosegweunded tagphimasdoddigyest er
VO 20091033387DCTLLSA0081 009396 1 | m backing, vas. bequant, | Of o, contact; wi th
the abrastve s uPry CONt A Red 81 £ ARXCETitTELs of° The pr odudt FON 1 6ot The
article vgsiohdlBNfRaSHCthel Mixaun@ RERBNoL RAg Isanas atTok Yabk&Men@tiok. is then
comercially available from Chem I nstrunents, Mdel #001998. The article
was cont ifaubekiogorda toenyoén verety vhsorvgbhetal pelteels at a pressure between
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various vnstkideg d fitghiues(Tupef ailtitanium nitride adhesion/barrier layer was deposited on the
thermal oxide layer prior to metal deposition. The thickness of any Ti was between about
30 50 and 500 Angstroms, and any titanium nitride was between about 100 to

3,000 Angstroms. A uniform layer of either copper or aluminum was then deposited over
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vat er w tthe BssdHbly wasaflacdsetoecdpeitlg SeHdtaplastid rdtdiniag bk ahedbagiveattclssf ut i on
of amoni um hydr oxi de é@; a basic pH control agent) and 2.5%w w L-proline
20 (as arhaer@mnelenying pehanedate ac aHdI20%i orag @ae \wasrsiiixedipdhe pherpaf Psses, a
control WQ%%B%%%quuid was al so prepared conprising only a buffered aqueous
sol uti on of "amyoni um hydroxi de (as a basic pH control agent) and 2.5%w, /w
L-proline (as Bt astici hedduhdldshgnthatveafeomab exouptit age dohtact Rethwiickdbgsivd qui ds
were individually applied to the wafer surface during the CVP process at a

vol Whet r iaati¢lp @ﬂfigrh@n dre YOET ivdsniatatod afrﬁbmévbﬂ%mr@dméghf abrashesartiele Wisst ed
il ; . o . st
in Table 7. e ssb ;@ﬂ);%@& ecg% %@ig&ﬂ;glﬁq I\A‘%}eagltvwaa&ﬁ&e.réta?e%slncapéﬂ)&lqdlé@t Ing

agent (e.g. ammoni um ate amno acid conpl exi ng

agent ( e.rgannr.5% wddifiol +Provatinge theowficr enoptt tlaogeh i ar @pmokintatél 312mmThe
wor king liquids were then applied in conbination with 3Ms mcroreplicated

fixed abr#dh y8insssendrsriogice s} yigrtingabeptdnpni,firra dae igad the ahrapse grijcle.

e com g e O W0 MO SR

Hy dt ®phi |dwrnlférpe phubait Ba) &Pag50 pounds) unless otherwise specified. Hydrogen peroxide
solution (15% by weight H,O, in deionized water) was pumped onto the wafer and
abrasive interface at a flow rate of about 80 ml/minute. The abrasive article was used to
polish the wafer for a one minute (60 second) cycle. After the polishing cycle, the wafer
was removed from the holder, rinsed with deionized water and dried.

20 The metal removal rate was calculated by determining the change in metal film
thickness. The initial (i.e., before polishing) and final (i.e., after polishing) measurements
were taken at the same locations using the same four point probe. Between two and five
readings were averaged to determine the removal rate in Angstroms per minute (A/min.).

Before polishing the metalized wafer with the abrasive article of the examples 1-9,

25 a wafer with a continuous layer of thermally grown silicon oxide was first polished for 1
to 4 minutes before the testing of the actual metal coated wafer. Either deionized water or
hydrogen peroxide was used as the working fluid. The silicon oxide wafers were run
under similar conditions to those used for the metal coated test wafers.

The designations in Table 1 are used in the description of Articles 1-14.

30
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Table 1

Material Designations

Designation Material

EAA A 76 micrometer thick (3 mil thick) polyester film containing an
ethylene acrylic acid co-polymer primer on the front surface

PVDC A 100 micrometer thick (3.95 mil thick) polyester film containing
an polyvinylidene chloride prime on the front surface

SR256 2 (2-cthoxyethoxy) ethyl acrylate, commercially available from
Sartomer Co., Inc,. under the trade designation “SARTOMER
SR256”

SR339 2-phenoxy ethyl acrylate, commercially available from Sartomer
Co., Inc., under the trade designation “Sartomer SR339”

SR351 Trimethylolpropane triacrylate (TMPTA),commercially available
from Sartomer Co., Inc., under the trade designation “Sartomer
SR351”

SR492 Propoxylated TMPTA, commercially available from Sartomer Co.,
Inc., under the trade designation “SARTOMER SR492”

CD501 Propoxylated TMPTA, commercially available from Sartomer Co.,
Inc., under the trade designation “CD501”

CN980 Aliphatic urethane acrylate, blended with 2-phenoxy ethyl acrylate,
commercially available from Sartomer Co., Inc., under the trade
designation “CN 980 M50”

LR8893 | 2,4,6-trimethylbenzoyl-diphenyl-phosphine oxide liquid
photoinitiator, commercially available from BASF, Charlotte, NC
under the trade designation “LUCIRIN LR8893”

FP4 A dispersing agent, commercially available from ICI America Inc.,
Wilmington, DE under the trade designations “HYPERMER PS4”
and “HYPERMER FP4”

DI11 A dispersing agent, commercially available from Byk Chemie,
Wallingford, CT under the trade designation “DISPERBYK 111~

CEO Ceria abrasive particles having an average particle size of about 0.5
micrometer, commercially available from Rhone Poulenc, Shelton,
CT under the trade designation “Polishing Opaline”

ALT Alumina trihydrate particles having an average particle size of
about 2 micrometers, commercially available from Huber
Engineered Minerals, Norcross, GA under the trade designation
“MICRAL 9327
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Designation Material

ALA Agglomerated alpha alumina particles having an average particle
size of about 0.3 micrometer, commercially available from Praxair

Surface Technologies, Indianapolis, IN under the trade designation
“A”

AAF Alpha alumina particles having an average particle size of about 0.3
micrometer, commercially available from Praxair Surface
Technologies, Indianapolis, IN under the trade designation “A-AF”

Al174 A 3-methacryloxypropyltrimethoxysilane coupling agent,
commercially available from OSI Specialties, Inc., Danbury, CT,
under the trade designation “A-174”

SR9003 | Propoxylated neopentyl glycol diacrylate from Sartomer

TRS2039 | Mostly alpha alumina particles having an average particle size of
about 0.2 micron, obtained from Ferro Corporation, Penn Yan, NY

F1 617 Primed PET film obtained from ICI Corporation, Wilmington,
DE

OA Oleic acid, commercially available from Aldrich Chemical
Company of Milwaukee, WI, under the designation “oleic acid,
tech grade 90%”

B-CEA Beta carboxyethyl acrylate, commercially available from Rhome-
Poulenc of Cranbury, NJ, under the trade designation “Sipomer B-
CEA

BTA 1-H-benzotriazole, commercially available from Aldrich Chemical
Company of Milwaukee, WI

Article 1 was prepared by combining, in order, 18.75 grams of SR492, 56.25
grams of SR256, 1.5 grams of D111, and 2.4 grams of LR8893 and mixing with a high
shear mixer for 1 minute. While still stirring, 100 grams of ALT, which had been heated
at 500°C for 4 hours, were added and the abrasive slurry was mixed for approximately 10
additional minutes. This abrasive slurry was then coated onto EAA according to the
General Procedure for Making the Abrasive Article.

Article 2 was prepared by combining, in order, 56.27 grams of SR492, 168.75
grams of SR256, 15.01 grams of D111, and 7.21 grams of LR8893 and mixing with a high
shear mixer for 1 minute. While still stirring, 300 grams of ALA were added and the
abrasive slurry was mixed for approximately 10 additional minutes. This abrasive slurry
was then coated onto EAA according to the General Procedure for Making the Abrasive

Article.
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Article 3 was prepared by combining, in order, 18.75 grams of SR351, 56.25
grams of SR256, 5.83 grams of FP4, and 2.49 grams of LR8893 and mixing with a high
shear mixer for 1 minute. While still stirring, 400.58 grams of CEO were added and the
abrasive slurry was mixed for approximately 10 additional minutes. This abrasive slurry
was then coated onto EAA according to the General Procedure for Making the Abrasive
Article.

Article 4 was prepared by combining, in order, 18.75 grams of SR351, 56.28
grams of SR256, 3.26 grams of D111, and 2.40 grams of LR8893 and mixing with a high
shear mixer for 1 minute. While still stirring, 131.01 grams of AAF were added and the
abrasive slurry was mixed for approximately 10 additional minutes. This abrasive slurry
was then coated onto EAA according to the General Procedure for Making the Abrasive
Article.

Article 5 was prepared by combining, in order, 18.76 grams of SR351, 56.28
grams of SR256, 8.0 grams of D111, and 2.40 grams of LR8893 and mixing with a high
shear mixer for 1 minute. While still stirring, 160 grams of ALT, which had been heated
at 400°C for 4 hours, were added and the abrasive slurry was mixed for approximately 10
additional minutes. This abrasive slurry was then coated onto EAA according to the
General Procedure for Making the Abrasive Article.

Articles 1-5 were tested according to Test Procedure I. For Article 1, ten different
metal test wafers (designated 1-1 to 1-10) were polished with the same abrasive article,
and a thermal oxide wafer was polished for 2 minutes prior to the first metal test wafer and
then between each successive metal test wafer a thermal oxide wafer was polished for 4
minutes. For Article 2, a thermal oxide wafer was polished for 2 minutes prior to the
metal test wafer. For Article 3, a thermal oxide wafer, a metal wafer, and a second
thermal oxide wafer were polished for 1 minute prior to the metal test wafer. For Articles
4 and 5, a thermal oxide wafer was polished for 1 minute prior to the metal test wafer. For
Article 4, a second thermal oxide wafer and metal test wafer were polished for 1 minute.
For Article 3, the abrasive article was rotated at about 80 rpm. Table 2 below reports the
type of metal layer on the wafer, the downforce between the carrier head and the abrasive

article, and the metal removal rate.

-56-



Secondary al cohol ethoxylate Dow Chem cal Co., Mdland, M 12.4 - Tergitol
M nf oam | X Secondary al cohol ethoxyl ate Dow Chem cal Co., Mdland, M 12.6

33 Ter gi twb 20002338800 X Secondary al cohol PCT/US2008/069396
Table 2
Article Metal Downforce (KPa (Ib)) Removal Rate (A/min.)
1-1 Al 300 (43) 11283
1-2 Al 300 (43) 9000
1-3 Al 300 (43) 9429
1-4 Al 300 (43) 6863
1-5 Al 300 (43) 8138
1-6 Al 300 (43) 9903
1-7 Al 300 (43) 7464
1-8 Al 300 (43) 7682
1-9 Al 300 (43) 7074
1-10 Al 300 (43) 8642
2 Al 300 (43) 6492
3 Cu 350 (50) 2247
4 Cu 350 (50) 2013
5 Cu 350 (50) 359

The surface finish of the test wafers treated with Article 1 (wafer #5), Article 3 and
the second metal test wafer with Article 4 was measured with a light interferometer,
5 commercially available from WYCO Corp., Phoenix, AZ, under the trade designation
WYCO RST PLUS. The peak to valley range (Rt) measurements were 962A, 204 A and
210 A, respectively.
Article 6 was prepared by combining, in order, 7.50 grams of CN980, 45.00 grams
of SR256, 3.75 grams of SR339, 18.75 grams of SR351, 7.01 grams of FP4, and 2.40
10 grams of LR8893 and mixing with a high shear mixer for 1 minute. While still stirring,
467.30 grams of CEO were added and the abrasive slurry was mixed for approximately 10
additional minutes. This abrasive slurry was then coated onto PVDC according to the
General Procedure for Making the Abrasive Article.
Article 7 was prepared by combining, in order, 7.50 grams of CN980, 48.75 grams
15 of SR256, 18.75 grams of SR351, 5.31 grams of D111, and 2.40 grams of LR8893 and
mixing with a high shear mixer for 1 minute. While still stirring, 151.60 grams of AAF
were added and the abrasive slurry was mixed for approximately 10 additional minutes.
This abrasive slurry was then coated onto PVDC according to the General Procedure for
Making the Abrasive Article.
20 Articles 6 and 7 were tested according to Test Procedure I on copper. For both

Examples 6 and 7, a thermal oxide wafer was polished for 1 minute (60 seconds) prior to
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the metal test wafer. Multiple test wafers were tested with each example (i.e., the same
abrasive article was used multiple times), with two data points calculated and averaged for

cach run. Table 3 below reports the metal removal rates for the various runs.

5 Table 3

Article Removal Rate (A/min.)
6 2872

3004

2559

2308

2307

2146

685

1306

NI RN RN (o)) (o) [o)) (o))

Article 8 was prepared by combining, in order, 37.51 grams of CD501, 112.51
grams of SR256, 16.53 grams of D111, and 4.80 grams of LR8893 and mixing with a high
shear mixer for 1 minute. While still stirring, 400.00 grams of AAF were added and the

10 abrasive slurry was mixed for approximately 10 additional minutes. This abrasive slurry
was then coated onto PVDC according to the General Procedure for Making the Abrasive
Article.

Article 9 was prepared by combining, in order, 15.02 grams of CN980, 97.20

grams of SR256, 37.50 grams of SR351, 14.08 grams of FP4, and 4.80 grams of LR8893

15 and mixing with a high shear mixer for 1 minute. While still stirring, 938 grams of CEO

were added and the abrasive slurry was mixed for approximately 10 additional minutes.

This abrasive slurry was then coated onto PVDC according to the General Procedure for
Making the Abrasive Article.

The abrasive articles of Articles 8 and 9 were tested according to Test Procedure 1

20 on copper, but various working fluids were used. For all runs, a thermal oxide wafer was

polished for 1 minute (60 seconds) prior to the metal test wafer using DI water as the

working fluid. A new abrasive article was used for each test except in the case of Article

9 with H,0,, which was tested using the same pad on which the nitric acid solution was

tested. Table 4 below reports the working fluids used and the metal removal rates for the

25 various runs.
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Table 4
Article 8 Article 9
Working Fluid Removal Rate (A/rnin.) Removal Rate (A/rnin.)

H,O not tested 193

H,0, 1007 2471

HNO; 1598 175

HNO; + Benzotriazole 569 0

NH,OH 1940 1597

NH4OH + K3Fe(CN)g 5475 5713

The various working fluid solutions were made as follows: The H,O; solution was
made by diluting 30% hydrogen peroxide (by weight) with an equivalent weight of
deionized water. The NH4OH solution was made by combining 10 ml of 30% ammonium
hydroxide (by weight) with enough deionized water to make 1,000 ml total volume.

The NH4OH/K;3Fe(CN)g solution was made by creating the previously described
NH4OH solution, then combining 990 g of the NH4,OH solution with 10 g of K;Fe(CN)g
and stirring until the salt was completely dissolved. The HNO; solution was made by
combining 10 ml of 70% HNO; (by weight) in water with enough deionized water to make
1,000 ml total volume. The HNOs/benzotriazole solution was made by creating the
previously described HNOj3 solution, then combining 999 g of that solution with 1 gram of
benzotriazole and stirring until the benzotriazole was dissolved.

Test Procedure 11

The copper test pattern wafer was made by initially forming about 5,000 angstroms
of silicon dioxide using a thermal deposition technique on the surface of a 4 inch silicon
wafer. The wafer was patterned by etching a series of 100 micron square features to a
depth of about 5,000 angstroms. The pattern wafer was then coated with 200 angstroms of
PVD titanium followed by about 10,000 angstroms of PVD copper.

The test wafer was polished for a total of 7.5 minutes. A working solution
composed of 15% hydrogen peroxide, 0.425% phosphoric acid, 0.2% benzotrizole, 8%
polyethylene glycol (molecular weight 600) was applied to the wafer during polishing.
The amounts were calculated as weight percentages. Significant areas of the wafer had
copper and titanium removed from the surface of the wafer, exposing the silicon oxide

stop layer except in the etched 100 micron square features.

-59-



Bal ance Concentration (HLB) (pPin) NCW 1002 Secondary al cohol ethoxyl ate
Wako Chem cal Co., Ri chnond, VA 600 L-19909 Fl uorochem cal surfactant, a
sol uti on wb 2804/03838;7 PCT/US2008/069396

The following examples demonstrate the utility of the fixed abrasive for

planarizing a copper-deposited silicon wafer to a thermal oxide stop layer.
Article 10 was prepared by combining, in order, 60.01 grams of SR9003, 90.03
grams of SR339, 11.12 grams of D111, and 4.8 grams of LR8893 and mixing with a high
5 shear mixer for 1 minute. While still stirring, 370.01 grams of TRS2039 was added and
the abrasive slurry was mixed for approximately 10 additional minutes. This abrasive
slurry was then coated onto F1 according to the General Procedure for Making the
Abrasive Article using a polypropylene production tool which contained cavities in the
shape of cylinders. The cylinders were about 175 microns in diameter and about 2.5 mils

10 high with a bearing area ratio of about 20%.

Article 10 was tested according to the Test Procedure 11, and the profile of the 100
micron square features on the wafer were measured to determine the extent of dishing in
arcas on the surface which had copper removed to expose the silicon dioxide stop layer.

The Tencor P-22 profilometer was used to measure the dishing. Six different sites on the

15 wafer were measured. The measurements are reported in Table 5.
Table 5
Site Dishing
(TIR, A)
1 2957
2 1174
3 2288
4 3504
5 3271
6 2256
Test Procedure 111
20 The copper test pattern wafer was made by initially forming about 5,000

Angstroms of silicon dioxide using a thermal deposition technique on the surface of a 4
inch silicon wafer. The wafer was patterned by etching a series of 100 micron square
features to a depth of about 5,000 Angstroms. The pattern wafer was then coated with 200
Angstroms of PVD titanium followed by about 10,000 Angstroms of PVD copper.

25 The test wafer was polished for a total of 3.0 minutes. A working solution of 3.3%

H,0,, 93.1% H;0, 3.0% (NH4);HPO4, 0.5% (NH4); Citrate and 0.1% BTA was applied to
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the wafer during polishing. The amounts were calculated as weight percentages.
Significant areas of the wafer had copper and titanium removed from the surface of the
wafer, exposing the silicon oxide stop layer except in the etched 100 micron square
features.

Article 11 was prepared by combining, in order, 30.0 grams SR9003, 45 grams of
SR339, 6.9 grams of “DISPERBYK 111” and 2.4 grams LR8893, and mixing with a high
shear mixer for 1 minute. While stirring, 370.01 grams of TRS2039 was added and the
abrasive slurry was mixed for approximately 10 additional minutes. The abrasive slurry
was then coated onto F1 according to the General Procedure for Making the Abrasive
Article using a polypropylene production tool which contained cavities in the shape of
cylinders or post. Article 11 was prepared using a production tool having 200 um post.
Article 11 was tested according to Test Procedure III and the profile of the 100 micron
square features on the wafer were measured to determine the extent of dishing in areas on
the surface which had copper removed to expose the silicon dioxide stop layer. The
Tencor P-22 profilometer was used to measure the dishing. Four different sites on the

wafer were measured. The measurements are reported in Table 6.

Table 6

Site Dishing
(TIR, A)
1990
1880
1390
1080

AW ]|—

Other abrasive articles that have been prepared are described below:

Article 12 was prepared as described for Article 11, however using a production
tool having 960 um posts.

Article 13 was prepared as described for Article 11, however, using a production
tool having 1,000 um posts. The production tools are described in greater detail below.

Article 14 was prepared by combining, in order, 30.0 grams SR90003, 45.0 grams
of SR3392, 1.53 oleic acid, 3.56 B-CEA, 2.4 grams LR8893, and 144.5 grams TRS2039.
The abrasive slurry was then coated onto F1 according to the General Procedure for

Making the Abrasive Article using a polypropylene production tool which contained
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tool having 960 um posts. Typically the method of preparing an abrasive article to be
used for modifying the surface of a wafer suitable for semiconductor planarization
includes a filtration step. Before coating the abrasive slurry into a production tool, the
abrasive slurry is filtered through either a 60 um or 80 um filter.

General Procedure for Making the Abrasive Article

Abrasive articles of Articles 1 — 15 were made by the following procedure:

A polypropylene production tool was made by casting polypropylene material on a
metal master tool having a casting surface comprised of a collection of adjacent truncated
pyramids. The resulting production tool contained cavities that were in the shape of
truncated pyramids. The pyramidal pattern was such that their adjacent bases were spaced
apart from one another no more than about 510 micrometers (0.020 inch). The height of
cach truncated pyramid was about 80 micrometers, the base was about 178 micrometers
per side and the top was about 51 micrometers per side.

The 200 micron post pattern is a triangular array of cylindrical posts, the posts
having a diameter of 200 microns, a height of 60 microns, and a center to center spacing
of 373 microns.

The 960 micron post pattern is a triangular array of cylindrical posts, the posts
having a diameter of 960 microns, a height of 75 microns, and a center to center spacing
of 1500 microns.

The 1,000 micron post pattern is a triangular array of square posts. The posts are
1,000 microns on a side, 100 microns high, and have a center to center spacing of 3,400
microns. The squares all have the same orientation and are oriented with one side parallel
to one of the lines connecting the points in the triangular array.

There were about 50 lines/centimeter delineating the array of composites. The
production tool was secured to a metal carrier plate using a masking type pressure
sensitive adhesive tape. An abrasive slurry, consisting of the ingredients listed in each
example, was mixed using a high shear mixer until homogenous. The abrasive slurry was
then typically filtered through a 60 um or 80 um filter. This abrasive slurry was then

coated into the cavities of the production tool using a squeegee and a primed polyester
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film backing was brought into contact with the abrasive slurry contained in the cavities of

the production tool. The article was then passed through a bench top laboratory laminator,

commercially available from Chem Instruments, Model #001998. The article was

continuously fed between the two rubber rollers at a pressure between about 40-80 psi

5 (about 275.79-551.58 kPa) and a speed setting of approximately 2 to 7. A quartz plate was

placed over the article. The article was cured by passing the tool together with the backing

and abrasive slurry under either two iron doped lamps, commercially available from

American Ultraviolet Company or two ultraviolet (“V” bulbs), commercially available from

Fusion Systems, Inc., both which operated at about 157.5 Watts/cm (400 Watts/inch). The

10 radiation passed through the film backing. The speed was between about 10.2-13.7
meters/minute (15-45 feet/minute) and the sample was passed through up to two times.

To prepare the abrasive article for testing, the abrasive article was laminated to a
pressure sensitive adhesive tape, commercially available from Minnesota Mining and
Manufacturing Company, St. Paul, MN. Then, a 30.5 cm (12 inch) diameter circular test

15 sample was die cut for testing.

After the planarization process is complete, the processed wafer is typically
cleaned using procedures known in the art. Generally, a cleaning medium is selected such
that it removes the debris without substantially damaging the wafer surface. Examples of
suitable cleaning medium include tap water, distilled water, deionized water, organic

20 solvents, and the like. They may be used alone or in combination with each other. If
desired, they may also include soap or other additives to aid the cleaning process.

Typically, an abrasive article of the present disclosure is used to planarize more
than one semiconductor wafer. It is within the scope of this disclosure that the abrasive
article can be dressed or conditioned in between two consecutive planarization steps. The

25 conditioning step can remove ‘“worn abrasive particles” and/or to remove any undesirable
deposits or debris, and thereby enhance the cutting ability of the abrasive article, as well
as the quality of the planarized surface. In such circumstances, the surface of the abrasive
article may be conditioned according to well-known, conventional techniques, including
contacting the abrasive surface with a diamond conditioning tool, brush, bonded abrasive,

30 coated abrasive, metal rod, water jet, or the like. Other techniques include exposure to a
laser or to corona energy (e.g., using a Sherman corona treating unit available from

Sherman Treaters, Ltd., United Kingdom). This conditioning step is not always preferred
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due to the time and money associated with the conditioning step. It is within the scope of
this disclosure that the abrasive is not dressed or conditioned in between two consecutive
planarization steps.

Evaluation of Working Liquids

5 A series of experiments was carried out to evaluate various working liquids useful
in modifying a surface of a wafer suited for fabrication of a semiconductor device. In one
exemplary embodiment, the working liquids were aqueous solutions of initial components
substantially free of loose abrasive particles, the components comprising water, a
surfactant, and a pH buffer exhibiting at least one pK, greater than 7, the pH buffer

10 comprising a basic pH adjusting agent and an acidic complexing agent, and the working
liquid exhibiting a pH from about 7 to about 12. The surfactant-containing working
liquids were evaluated for their ability to accelerate or maintain the oxide removal rate in a
stop-on-nitride CMP process using a fixed abrasive web.

A Reflexion™ web polisher (Applied Materials, Inc., Santa Clara, CA) was used

15 to polish 200 mm Blanket TEOS wafers on a 200 mm Profiler II wafer carrier using a 3M
SWR550-125/10 fixed abrasive web (3M Company, St. Paul, MN) mounted on a 60/90
ribbed subpad (3M Company, St. Paul, MN). Surfactant-containing working liquids were
prepared in deionized water with 0.1% w/w of a selected surfactant in a buffered aqueous
solution of ammonium hydroxide (as a basic pH control agent) and 2.5% w/w L-proline

20 (as an acidic multidentate complexing agent). For comparison purposes, a control
working liquid was also prepared comprising only a buffered aqueous solution of
ammonium hydroxide (as a basic pH control agent) and 2.5% w/w L-proline (as an acidic
multidentate complexing agent). The working liquids were individually applied to the
wafer surface during the CMP process at a volumetric flowrate of 100 mL/min.

25 The evaluated surfactants are listed in Table 7. The surfactants were combined
with water, a basic pH adjusting agent (e.g. ammonium hydroxide) and a multidentate
amino acid complexing agent (e.g. 2.5% w/w/ L-proline) over a pH range from about 9 to
12. The working liquids were then applied in combination with 3M’s microreplicated
fixed abrasive products to carry out a CMP process useful in use in semiconductor device

30 manufacturing.
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Table 7
Surfactant Designations
Surfactant Surfactant Source Hydrophile- Critical
Name Type Lipophile Micelle
Balance Concentration
(HLB) (ppm)
Envirogem Alkane Air Products & 4 -
ADO1 di-alcohol Chemicals, Inc.,
Allentown, PA
Surfynol 61 Acetylenic Air Products & - -
primary alcohol Chemicals, Inc.,
Allentown, PA
Surfynol Acetylenic Air Products & 4 -
420 di-alcohol ethoxylate Chemicals, Inc.,
Allentown, PA
Dynol 604 Acetylenic Air Products & - -
di-alcohol ethoxylate Chemicals, Inc.,
Allentown, PA
Dynol 607 Acetylenic Air Products & 8 -
di-alcohol ethoxylate Chemicals, Inc.,
Allentown, PA
Triton Secondary alcohol Dow Chemical 9.8 -
X-45 cthoxylate Co.,
Midland, M1
Tergitol Secondary alcohol Dow Chemical 12.4 -
15-S-7 cthoxylate Co.,
Midland, M1
Tergitol Secondary alcohol Dow Chemical 12.6 33
Minfoam cthoxylate Co.,
1X Midland, M1
Tergitol Secondary alcohol Dow Chemical 14.1 830
TMN- cthoxylate Co.,
100X Midland, MI
Tergitol Secondary alcohol Dow Chemical 14-15 0.7
XH cthoxylate Co.,
Midland, M1
NCW-1001 Secondary alcohol Wako Chemical - 100
cthoxylate Co.,
Richmond, VA
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Surfactant Surfactant Source Hydrophile- Critical

Name Type Lipophile Micelle
Balance Concentration
(HLB) (ppm)
NCW-1002 Secondary alcohol Wako Chemical 600
cthoxylate Co.,
Richmond, VA
L-19909 Fluorochemical 3M Co., 350
surfactant, a solution of St. Paul, MN

10

85-95% w/iw
fluoroaliphatic
polymeric esters and 5-
10% w/w polyether
polymer in <2% 1-
methyl-2-
pyrrolidinone/toluene/2-
propenoic acid blend

Specific advantages that may result at alkaline pH include the use of lower

polishing pressures while maintaining adequate oxide removal rates.

Generally lower

polishing pressures result in reduced defects and improved yields. The polishing process

parameters included a 5 mm increment, a 3 psi (about 20.68 kPa) wafer pressure, a plate

rotational speed of 30 revolutions per minute (RPM), a carrier rotational speed on 28

RPM, and a polishing time of 60 seconds per wafer. The results of the CMP evaluations

of the surfactant-containing working liquids and the control working liquids are shown in

Table 8.
Table 8
Surfactant Surfactant pH Oxide Nitride
Name Concentratio Removal Removal Rate
n Rate (A/min.)
(Yo Wiw) (A/min.)

Control 0.0 10.5 322 -
Envirogem ADO1 0.05 10.5 686 -
Surfynol 61 0.05 10.5 842 0
Surfynol 420 0.05 10.5 636 -
Dynol 604 0.05 10.5 777 1
Dynol 607 0.05 10.5 875 1
Triton X-45 0.05 10.5 866 1
Tergitol 15-S-7 0.05 10.5 1,336 5
Tergitol Minfoam 1X 0.05 10.5 773 -
Tergitol TMN-100X 0.05 10.5 679 -
Tergitol XH 0.05 10.5 681 -
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As shown in Table 8, use of surfactants in conjunction with 2.5% w/w L-proline at
a pH from 7 to 12 yielded greater than a two times increase in oxide removal rate relative
to the control working liquid without surfactant at similar pH. In certain examples where
the pH is between about 9 and 11, the oxide removal rate exceeds the nitride removal rate
by a factor of 200 or more, thereby permitting stop on nitride selectivity when the working
fluid is used in a CMP STI method.

Another series of experiments was carried out to evaluate the use of surfactant to
accelerate the break-in period for a fixed abrasive web used in CMP. A Reflexion™ web
10 polisher (Applied Materials, Santa Clara, CA) was used to polish a 200 mm Blanket TEOS
wafer on a 200 mm Profiler II wafer carrier (3M Company, St. Paul, MN) using a 3M
SWR550-125/10 fixed abrasive web (3M Company, St. Paul, MN) mounted on a 60/90
ribbed subpad. A working liquid comprising 2.5% w/w L-Proline in deionized water with
0.05% w/w Tergitol™ 15-S-7 surfactant (Dow Chemical Company, Midland, MI) was
15 used at a volumetric flowrate of 100 mL/min. The polishing process parameters included
a 5 mm increment, a 3 psi (about 20.68 kPa) wafer pressure, a plate rotational speed of 30
revolutions per minute (RPM), a carrier rotational speed on 28 RPM, and a polishing time
of 60 seconds per wafer.

Three different fixed abrasive break-in procedures were used. The number of
20 wafers needed to reach a stable oxide removal rate at a target value of 2000-2500 A/min.
was determined. Figure 8 shows the polishing rate as a function of the number of wafers
processed for each break-in procedure evaluated in this experiment.

In the first test (illustrated by the diamond symbol in Figure 8), 145 wafers were
processed in order to obtain a constant (stable within +/- 200 A/min.) polishing rate at the
25 target of 2000-2500 A/min had reached an equilibrium state. Prior to this test, a standard

wet idle had been run overnight (about 15 hours of idle time) with the fixed abrasive web

in only deionized water. The polishing rate did not completely stabilize at the target 2000-
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t he di scl osure have been descri bed. These and ot her enbodi nents are within
the scope of the following clains. Clains 1. A working liquid useful in
nodi fying a surface of a wafer suited for fabrication of a sem conductor
device, the liquid being an aqueous solution of initial conponents
substantially free of | oose abrasive particles, the conponents conpri sing:
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a. water; b. a pH buffer exhibiting at | east one pKa
greater than 7, wherein the pH buffer conprises a basic pH adjusting

agent and an aci di c conpl exi ng agent; and c. a surfactant;
- wherein the working liquid exhibits a pH from about 7 to about 12.

2. A wor ki I iquid of claim1, wherein the basic pH adjusting agent

i s sel ect omthe group consisting of alkali netal hydroxides,

al kaline earth netal hydroxi des, ammoni um hydroxi de, and m xtures

thereof 3. A worki n%'w&m {:{ulﬁlﬁéeml]m iﬂ@ﬂffﬁh@ 4 Reradd dF G &foEP'sﬁﬁéd‘%r
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corrprlses at |l east .o tide f rrredfro
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is selected from alani ngyaproline, glycine, histidine, |ysine,

argi nine, omthene, cysteiné, tyrosine, and conbinations thereof.

6. The wor ki ng | i quitd of acpHibeffer ethht!agr&tﬁ%@t enfr plac greater theng/, n‘dmmﬁl@,e

surfactan T.The work he nani

sur f act adt e BEmBREe 4 hsid S pnSine 4sRh AR R b B R R
secondary al cohol e} hoxyd @fRctadt; br anched secondary al cohol

et hoxyl ate, an octyl phenol et hoxyl ate, an acetylenic primary al cohol
ethoxyl ate, an acetwheseinéhpwpranglignid axlubitod PRt ghent d to ahow|IRane
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randomcopoly r qu roa ol ric ester,.a 1. Xt ur es .
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about 5% by wei ght of the working Liquid.
hydroxides, ammonium hydroxide, and mixtures thereof.

3. A working liquid of claim 1, wherein the acidic complexing agent

comprises a multidentate acidic complexing agent.

4. The working liquid of claim 3 wherein the multidentate acidic complexing

agent comprises at least one of an amino acid or a dipeptide formed from an amino acid.

5. The working liquid of claim 4, wherein the amino acid is selected from
alanine, proline, glycine, histidine, lysine, arginine, ornithene, cysteine, tyrosine, and

combinations thereof.

6. The working liquid of eclaim 1, wherein the surfactant is a nonionic
surfactant.
7. The working liquid of claim 6, wherein the nonionic surfactant is selected

from a linear primary alcohol ethoxylate, a secondary alcohol ethoxylate, a branched
secondary alcohol ethoxylate, an octylphenol ethoxylate, an acetylenic primary alcohol
ethoxylate, an acetylenic primary di-alcohol ethoxylate, an alkane di-alcohol, a hydroxyl-
terminated ethylene oxide-propylene oxide random copolymer, a fluoroaliphatic polymeric

ester, and mixtures thereof.
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9. The working liquid of claim1, wherein the basic pH adjusting agent
is present in an anount sufficient to produce a pH fromabout 10 to
about 11, the acidic conplexing agent conprises L-proline in an
anount from about 2% to about 4% by wei ght of the working liquid, and
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surface of a V\@f?r dsuited far. fabricat if_on of a sem conductor devi ce,
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di el ectri ' Sl t ag i t | jet fi: ' :
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of exposed second material.

11. A method of modifying a surface of a wafer suited for fabrication of a
semiconductor device, comprising:
a. providing a wafer comprising at least a barrier material deployed
over at least a portion of the wafer; and a dielectric material deployed over at least a
portion of the barrier material;
b. contacting the dielectric material of the wafer, in the presence of a

working liquid according to claim 1, with a plurality of three-dimensional abrasive
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b. a conpl exi ng agent; C. a passivating agent conprising a
material selected fromthe group consisting of benzotriazole, azole
derivatives of benzotriazole, and tolytriazole; and d. a

. buffer conprising a polyprotic protolyte having at | east one piCa
greater than 7. 14 The working.liquid of claim.l3 wher,ein t.he buffer
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16.  The working liquid of claim 15, wherein the multidentate complexing agent
comprises a material selected from the group consisting of polyphosphates, 1,3-diketones,
aminoalcohols, aromatic heterocyclic bases, phenols, aminophenols, oximes, Schiff bases,
sulfur compounds, multidentate amines, ethylenediamine, diethylene-triamine,
triethylenetetramine, multidentate carboxylic acid, citric acid, tartaric acid, oxalic acid,
gluconic acid, nitriloacetic acid, amino acids, glycine, common analytical chelating agents,

ethylenediaminetetraacetic acid, and combinations thereof.,

17.  The working liquid of claim 13 wherein the oxidizing agent comprises a
material selected from the group consisting of hydrogen peroxide, nifric acid, sulfurie acid,
chromic-sulfuric acids, coordination compounds, halogen oxo acids, salts of halogen oxo
acids, ammonium persulfates, sodium persulfates, potassium persulfates and combinations

thereof.

18.  The working liquid of claim 17 wherein the halogen oxo acid comprises a
material selected from a group consisting of chloric acid, chlorous acid, hypochlorous
acid, bromic acid, perbromic acid, iodic acid, periodic acid, orthoperiodic acid and

combinations thereof,

19.  The working liquid of claim 17 wherein the salt of halogen oxo acids
comprises a material selected from a group consisting of sodium chlorate, sodium chlorite,
sodium hypochlorite, sodium bromite, sodium bromate, sodium perbromate, sodium

iodates, sodium periodates, sodium orthoperiodates and combinations thereof.

20.  The working liquid of claim 17 wherein the coordination compound
comprises a material selected from the group consisting of potassium ferricyanide,
ferricyanide, ferric nitrate, ferric chloride, ammonium ferric ethylenediaminetetraacetic
acid, ammonium ferric citrate, ferric citrate, ammonium ferric oxalate, cupric citrate,
cupric oxalate, cupric gluconate, cupric glycinate, cupric tartrate, cupric chloride,
vanadium coordination compounds, chromium coordination compounds, manganese
coordination compounds, cobalt coordination compounds, molybdenum coordination

compounds, fungsten coordination compounds and combinations thereof.
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21.  The working liquid of claim 13 further comprising an additive selected
from the group consisting of surfactants, wetting agents, reducing agents, rust inhibitors,

lubricants, soaps, and combinations thereof.

22.  The working liquid of claim 13 wherein the oxidizing agent is concentrated

in aqueous solution from about .01% by weight to about 50% by weight.

23.  The working liquid of claim 13 wherein the complexing agent is

concentrated in aqueous solution from about .01% by weight to about 50% by weight.

24.  The working fluid of claim 13, wherein the passivating agent comprises a
material selected form the group consisting of tolytriazole, cuprous oxide, phosphates,
alkene oxide condensation products of fatty acid polyamides, 4-alkylpyrocatechols, amine
borates, [-(o-carboxybenzylthio) propionitrile, chromate ion, cobalt lineolate,
dicyclohexylammonium nitrite, egg albumin, formaldehyde, 2-guanidinobenzimidazole,
hexamethyleneamine nitrobenzoates, hydrazine, mercaptobenzothiazole, naphthenic acids,
organosilicon compounds, propargyl alcohol, sodium adipate, sodiumn arsenite, sodium
benzoate, sodium nitrite, sodium oleate, sodium sulfite, high molecular weight sulfur

compounds, triethanolamine phosphate, NagP4O3, and combinations thereof.
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