CHEM CAL- MECHANI CAL POLI SHI NG OF METALS I N AN OXI DI ZED

FORM FI ELD OF THE | NVENTI ON [ 0001] Thi s invention
wQentsaes2t 0 conposi ti ons and net hods for the PCT/US2005/000140

chem cal mechani cal polishing of netals, especially

metals in an oxidized form BACKGROUND OF THE

I NVENTI ON [ 0002] Conpositions and net hods for

pl anari zi ng oCHINIGHI-NEGHANIEAf RREISBANG substrat e

are wel | knowngpvEDEL@NG ANCOKISIZEROFGRIPOSI ti ons

(al so known as polishing slurries) typically contain

an abrasive material in an aqueous solution and are

applied to a surfdBELBYRDHE &FVENGIQ@Ne surface vvlth a

[oonql i shrhﬁgn&agmﬁ@hulh%%m%&hmk%d &btﬁb&%@ﬁf&?&ﬁéﬁ& ol

ve mat er ) ¢l ude |, on di oxi
me%lélgllcﬁlrﬁog%lﬂ'EO %?tﬁ}ﬁ]eﬁlffﬁiaﬁxf“a@ s1ppp ey Vﬁ‘#‘rfob% de, and tin
oxi de. U S. Patent 5,527,423, for exanple, describes a

met hod for Che@A@éﬂ@‘@NW@ﬁb'lbﬁV@ TiéRki ng a met al
cant act rface W t ol ishing

00 r GRS e ThLA e Abpolishiaf e ora substat

are Milﬂmo‘i’vem the adnPelbiag usrnpdeOUMalsAIlmewm ag polishiyg sltuliess)
typﬁQﬂ}a&nYa% W&@ﬁsﬁx@l meﬁ@}él Rl aﬂ&é&ﬁpg{ﬁlﬂkﬁq i Qltecégéllﬂe% to ﬁsurface by

ol1shin Pa te I scl
Congﬁcﬂ%ihﬁ §ﬁff$f5 %@MOH gaatg@reéaeé sl @01@?051&5% t dp/Rical
abrasing: thbtSialPmtladd s15qoﬁ@&x?cﬁ&eduumcdxu&eﬂumufunu@snﬂeahrmﬁnw& oxide,

andHQJ o] @E%@erﬁ 5 QQP%]?) g?t:kdnl % QB&libR rhécﬁécf‘i%r &?éﬁltl%

met ho are not_ entir
1@?&@5@9@ &fnepy Qﬁ%frhyzCPW@ﬁWBélieosé‘Fféﬁ‘?"@h? olisbipg asry
conimlsp@rlﬁg}cpﬂnay finepodtalsivide patiokep Dsantalqmtﬁls arediupol Alehiapiyely, the

abraps?\%%ﬁ@ﬁhl %\j %e Lﬁ%@oﬁ%'ﬁt? %%é{; ﬂghl?g 'US '}ﬁ nf 9&@9‘2 34N d

heir use | n hem ca anical polis
dlsqlﬁse? H‘QIL‘é‘?:?er?HFfEn%jlé’@? BRI o PRESSR: a@ﬁh 5f8a8@tem
5,988 24 disclosBex fixeslebiabiee pdishmgpadice of a m croel ectronic

[006131\” C@o#&nﬁbr[a??&ﬂsﬂm%%%ﬁs@h@ gol%fng n]ietﬂﬁdp E%%M ¥ ngft entirely

Satléféﬁalasqt agﬁlzg}gdnﬁ@phgﬁoqqq@(va% dn |pgrstlcplﬁr ao]pﬁhg}g compositions
andpolibighg pegls s hawt BBCian dosirdbos polisking eateh, sreihbsialsei@ihe and

cheg%%y ﬁ%c}?anr%g@ilﬁlld%&)ft %Lcs{bﬂelé u({hé}’/\ﬁeltvﬁeg?;dﬁ' r%‘lt 1§ gtgc}(r Yiface quality.
Becapsedhq psyoripance €hs mérresiectran fgyices dir %félW@é%OP@Wri Withéle ces
plarser NSf lfsrsofﬁlctehﬁ iscpwgid] exiist y pofishidgeomppsitiéd and method that results in

a hlgﬁ 85195% %Cetfipdc%}lt g, ugﬁ&{pﬁ&é arM| rgﬁxgx%l fifed £ c}%\r}ﬁ&egg ¥ Igﬁ gﬁalﬁy %Ighsh

or nenory I'ces a
Wlﬂllmbm@a Jfagepfisifed of a substrate, on which a
[oo@djur afrhé ¥iffdulty edRedtiag o sffddese deRing eysrRdfor hidregedat @t

devitef &gﬁu ﬁo@rtﬁebc%"{gf% ftg'oh\ﬁe g’}ﬂjcapﬁ}’c%e?e% rlm%{'ﬁﬁ@xﬁ&g ‘i\{h%%ehé&h%gm

1ons I n rat
deVlC&? &ich 2 ?leﬁéldgqj@rswfa@ er lnmaorpfrdswa%s@reawp@w edminesed of a
subSetd, ©0 RAhtaOiTurdid OF trasistoR g Yedhevingel. dndgrbRd bRoditRiaze

chertnrl]cea&é Iagé %ysﬁ?ﬁy QL gg%%qlﬁto %@%5{1 gije 'b?%hﬂténtn}{g Pe:fglofnls1 fh & s&lgstrate
and layers on the substrate. To produce an operable semiconductor wafer or memory device
and to maximize the yield, performance, and reliability of the wafer or device, it is desirable
to polish select surfaces of the wafer or device without adversely affecting underlying
structures or topography. In fact, various problems in semiconductor and/or memory




to polish select surfaces of the wafer or device

W t hout adversely affecting underlying structures or
woapsgesthy. I n fact, various problens in sem eonaset6/000140

and/ or menoryfabrication cap occur if the process

steps are not performed on surfaces that are

adequately pl anarized. [0005] Various netals and netal
fabgirdtiop sahegsur héhwemprepsessstaps afeaptpesionued drcskfacs ime eteiadergiately
plaﬂﬁtz\e@en devices, including titanium titaniumnitride,

mCO msiljcon, 0] t ungst en,
0 N SaRet e loriive s desiton ganmons
beteypeh degivhs, refuidogditatiengoiniuhlolttide, alemiadusn-poppse alumdnum-silicon,
cop%@rr Edngé’lé@ blafil@h) ﬁﬂﬁﬁtﬂ-tﬂngﬁt 1;()15 1—@1‘1 SuliEARA nén‘&%Hnﬁnahons

maki ng t hem

m ca
ey NS e LR Pt e UL eSS it hrd and
chepodalls ésiatpnt, [M@@]théﬁn diffioilt tovanmgye pHicenty tlaoghphéhicshed
mePRhRAt oﬁgghg cations discl ose polishing conposn ti ons

oo, R a0 ey TR b S Ao B0

congrmsitionst fovebleayeeals. A8 Ratqnob,6%lA 10 glsck)sqs aserhicomiuctor memory
de&&@p&bﬁgn{% RpRFhGal e&smeﬁ%%gﬁp%m Q%Bhﬁmglgm%mhdﬂ%mnﬁrlsmg a

0ose

halg: s%%lpéj fos ﬁ@l%ﬁ'}wr@kém@%b@@r%@é 6.2 BH dgsc}@esgohshmg
congihvsinicsabr re¢kehauhstrafes comprisidgancheminal pichari (ed., alahinas initete),

abr g}aﬁﬂcﬁ§ an@&ﬂoﬁ&lzé?xtjds‘ PRt 6 Yo7 %6'3 cﬁ'{gl:ﬁ)@és a%hgﬁgaﬂﬁeﬁtlve

| oses, a em cal actve
pol ¥S ipe FRspositipptos peb %@ﬁﬁ ICQWWQSI%ﬁn&BIiaQ‘é‘? aéﬁkﬂ)g%n IHQF‘%‘Q@"FGOUS
solution b A5630965P @ Putiscinbsit theihod of Bis@BORGneallid utikingel. dPaS 121411

A2 gg&g&g a ?Bhsﬂi Q%%%(}sﬂﬁﬂl ngﬁltxhﬁncf gxro HA@QISL{% liF) Pb]vl)glklﬁ;n]:g fine

parslesg et o o S ey G Ag i Rlosparivelvog
sol@¥fon @t nok eetatsf cotripeisifd Bytdirdpampa@oadep altmlt Glanidd, Rndplidbéfatedon
and%% b&'a%%rp S ? O?/?%@?S& Xxlsa&ﬁszé;éo%}:\ ﬁ%?ofxr%rosﬂ&p{’ £ ndBRd @!stgls (e.g.,

r| SI n en er oxi
Ru ;ﬂ% l%léllpé Al %@safleea liogil cagniey @@Pwltl_zet? aw a polishing

addétive d{aomsinomdpcﬁﬂnm nfgganipamilg maerdcodlesioll, e metal s

tetrgag?(g/clbtegydecﬁgs), & QWn Qﬁers Ihahdeﬂ&an‘f&g%thé 5{1(9 gﬁ&ﬁﬁl%@gﬂdv e,

phogihopatesy SV t%fi44%%%1i qhaqlcefa@ EBHE GompeY OEJemleaznﬁﬁlﬁ g
conffiigihg eyl ftir-esnt4ifing compovhdQazady photled, badiwaan@hible @ g

addﬁl;vhse\;vﬁ%l%gﬁé%r%?@ S}mﬁ%%ggx% ﬁﬁ%%g%{ %tﬁe da%?a!sﬁ/o g@&%@%g :glg L ce metal

reﬁ@&ﬁ'ﬁ%@iaﬂl &HectiBity-nobl e metal s conpri si ng
[0087! f uRVIGIe MeifeteMEntRABPHIIRKES c@h}ftﬁﬁioﬁﬂnﬁjabé taphlels of pdlidhing

meeN@t g % n%glel'fgétéjs) art g&rpaglﬁ ?eg% {hh% Me%hef?éﬁlgggt@?ﬂiﬂ%%etals

r asi've art
in aé@?ﬂéilli?@é forey wchraé prishimn oxige- eléovzﬁver s use of wh pxidizedupptals is

becwmdganctrlsh%m@fyqfogmantﬂoe Bﬁ&ﬂnﬁ%} bik@hedgeadnpeosintialns anayldibel
forlaglgavs i\ae noernd orlltin%te] urggé & 11§teérgfe9 mrcﬂf?i?lflﬁe &%Qﬁ%es?é 8.,

are no
ferrpdmtgwan@om@@c&s@nﬁmmah lia&rp@ﬂez@walrlm%an@%léw‘f%s (MEMS ) and

m1<ﬁ3@<-b1@&rlcmﬁﬁé/&‘ EystehﬁE{MI&]’S)PfM&H Gpecitically, i@dlufBixale §IrO$) currently
is uﬁeedfagla bax?ler/% B3t lag?r i cQ Qa?ﬁj%eﬂoele 1% ﬁﬁé&%l:c%h‘s 19511%%§%M)

capacitor schemes. Desp1te the prevalence of such uses very few commercially available



form have been and continue to be used in integrated
circuits, nenory devices (e.g., ferroelectric

WoanHonsse cess menory), mcro- el ectri cal - mechaRCTAIS2005/000140
systens (MEMS), and micro-etectrical-optical systens
(MEGS)). More specifically, iridiumoxide (lrq 2)
currently is used as a barrier/adhesion |ayer in

polishing sy sierpeinddapwe pelishing arethods eandwssechorefiestiveFeRAMficiently
polisipagcbstate c%ﬁllﬁﬁﬁﬁ§ an @Qcﬁ@ddtrﬁetilllﬁe PJ I%Htﬁi 1‘1%"&?1 %xﬁfze& %}Hx

00356, XS oriniSys OB e ool BURE BRrSad gl lﬁr%ée%/wér@
Wllb??@nké‘f @qsmbémla@m isglonsHicensysaratreoabrapy duwing ghegpolishing and
plafatizalicrest siRd@les 6¢mlﬁlslng% 8R4 134 ad 6k1é‘iﬂecp%hg' ﬁﬂﬁf/&f d)ishing

rdin ol i'shin
sy Ao RE" S5PruIn TEER R tedihivg 160 SRt priing
Che@é@ilY sinble anyl mechaiicedly hard nelfl¢ inclalsricyn @idizedrfome bheahventdre
prodliided svgh b PEliMalg s§§iéxﬂ Gncﬁ;ﬂﬂlslﬁhéﬁﬁfﬂoa atrhQp opd oﬁ%@%@g@?of the

in_an_oxid orm
e ehied s T EHE i RE s Ebesapies T i ewcinion of
ﬂwﬁm@HWhHﬂp@ﬂWEMWm@ of substrates conprising chemcally
stabl e and nmechanically hard noble netals in an

oxi di zed for ch a polishing
system and po R@ﬁ?ﬁgpﬁigﬁgéﬂ"gﬁgiﬁeﬁﬁaiﬁwher
[0083v anThgymsention phwidesny mathod for pabishivey d substrandictintpiramgla metal in
an bAKSAL oM tﬁ@ﬂt&t‘ﬂf)@&mﬁﬁs nk 1RGP B?r(ﬁﬂirgt/ﬁlg{@a shﬁstrgﬁ CngflSlng

description I nvention
%%Mﬁ ‘%E@ﬁ @Eﬂ?ﬁf@&g F@%‘@? %ﬁl@ sHsUaR VIR SHeBirrldes
meczhamealhnodslﬁmgsyptemwsmpngn@ Gusilistah@canpupeintStlagedfrom tiad

grohﬂ‘ccﬁﬁ&s% (ﬁ‘aﬁ%gragl% @poﬁﬁ‘ﬁlgﬂﬁﬁ hod a%gfﬁg{naﬁéMeregie gﬁ%?gcﬁlgirx]lg

a subst e conpri sing
ageBBaelﬂgffé&p ?ﬁ:’rovlgsonéla‘i%t)fé groxyontenss, %hyqr%v 7-
butgulestonest Borwid, horahyclhides, dla]kyhnin&rhomles fairakdehydy, fysicenid,

hyd?(%@]? "HydiddBinohds) h)@r(ﬂwafn A agﬁdégiﬁ’d\?gﬁtacﬁle{rﬁlgaﬁgﬁeﬁ%%

rou si sti.ng
SO”&F?? clreuRrn TS ACit ﬁékfseta?reo ( ?qd)mlénv%scfh%rquga@g(éma ligquid
carrgee] and (@ chbfadongat leest g portipn oHihs nfetal iigan oxidized form to polish the
Slmgﬁaﬁbhydroxy 4- pyrones, a-hydroxy-g- butyrol actones,
ﬁﬁ f bor ohydri des, di al kyl am ne, bor anes,
(00 %Felﬂyﬁd%*on plse Pro¥dexa laetmfw BejshingiapubBigts copmesing a
methlyid ao mylldaadl foain, 1fhy pxamhd) Sqilhpl‘lismgsthaﬂb}ﬁ of: (a) pro|v1dmg a substrate
t t
con hhlgggsa Tl P er fizd g@} rﬁ%ﬂtaﬁti gca ﬂoﬁcﬂﬁm of?ﬁé sﬁlﬂ%x%kgwn}&a
chemicahmacl@aw iRofis lwste@)w@avm ¢ %eRolisEag FO%P%WtSFléﬁe(bﬁom
the piloep owisiating of mbmxweilamﬂstﬁﬁg‘ pad] mdpadohtbinatibetherebs (inat keto 1

wt. %Q)? %gllug H§ aééﬁY%@Ed &ﬂh@ké%p&ff%{é lgcﬁrf’d @arx'i@tagﬁ) gn}r é)omponents

dlsse&%Prz%laperlé%ﬁhelﬁlﬁethﬁﬁdﬁ%g %ﬁﬂﬁu@a %@@Cteﬁ érogt ﬂa@ grogp eongiging
of 3pitydmixgli4ngyrenes Ubisidi@dyey- R oyrplat®hdigasdorbitadld, béta@) borohydrides,

dlalQ%%ﬂ Iné %glafl% ﬁkm&l@lﬂ/ﬁg %1‘3’?“15 5({] I}}lgdlgg&f ilgcﬂf)&{nﬁonlgg syst em
hyd@éﬁlﬁmr"?r W@opbqsyh%ow@mdswwow%@ﬁ% ?01%%@%@% rsw}ﬁqrous
acidt kudts o] a0 REXteies thgreof, aﬁﬂ(xﬁ)ku’laﬁmd/@méi eﬂﬂ|(b}8dbkerdglgmaléast a

poﬂﬁ)‘ﬁg)f TheGQURIR %.% B)gﬁlizédc}t%frﬁ & %Ollglll ink gtzs%ra %u Iog a

Cl ng agen ase 1g the I|q
[001d3 1 i Ehe Taysatiomiprth @Wﬁ@ﬁpgnethod or polishing a substrate comprising a

metal in an oxidized form, the method comprising the steps of: (a) providing a substrate




di ssol ved or suspended therein, the reduci ng agent

bei ng selected fromthe group consisting of
WQ@-20pc683TY - 4- pyr ones, a- hydroxy-g -butyrol act oR€ES/US2005/000140

ascorbi c acid, borane, borahydrides, dialkylamne

bor anes, formal dehyde, form c acid, hydrogen,

hydr oqui nones, hydroxyl am ne, hypophosphorous acid,
comprisipgdmostsiiie iz exidizged fooh.uh)t @dtactinra pwtien ofshd fubstaatswith a

cheﬁﬁéa@-me@l?dnto‘él ﬁ(ﬂ'@lﬁﬁ@§ steﬁf%nfi’i'n&hg' I GFa %&%ﬁﬁggomﬁé}gm( delebtbd fom

el it hPL ot (et G pEg b o
redigod ddentRelsctien tlemtthogrofiuednkistingprfdviydesy d-preertesd f or

a-hp@bk dﬁ@bﬂ@rﬁac@dﬁ% thbAhE bERMPARS, ragalﬁyla%@boraﬁbsaﬁrm?meh
0XI od e steps.o

t he. net |
forg G s %ﬂwmeégﬁﬁ R bSO S et
mefabiony in(abJoxclatidnestdté heyirgg apatamtiard medok poteetia thas tsrleds ¢hanitheh a
stafRRITE G potBaRNaR et hS BN SHih SR RSRbES AR soiialed®

olis conpone lected fr mthe r.Qup con3|st|ng
ele fonaﬁaﬁlﬂg%s%%sahaqﬁaqo SRR oAt s G bigR seorer
wherbia tiggiolisi{ing Jys@nr dedsisatrgmagrernn os@lizhed aeentf arelnic} dveadixgoit feast
a p&@l&%%ﬁhé ngtap%x?én by z@?f Yorfh 1B Y5188 substrate.

rol act ones, baqrane or ohydri des,
(004315 kw%!% tﬁ%mt‘j?ﬂﬁé’ﬂé?mfeé? Fcihed figrcRolising ostgts epmprising a
mefayidrao geidjzed framotha intetod somprysdigiy bapd afe (a) providing a substrate

congkx QQ&&?&I% Q[Pé(lﬁg ddfom"fl (B‘Seéoﬁéact‘ﬁ{lg d?[?otnzdn df%ssubﬁra t}ha

tlon st at potentl a
Chernéca €’§§haP’r‘Eéer°ﬂlﬂén%ftyé‘ﬁﬂ‘aﬂoalpFlé‘a%x(lb%f"éﬁ‘ﬂlpéFOTBEODFWéeW@P%from
the igroupnomistidg aedh dbeasive, d palikhinly pady hehw@ndinatiso thesb€ dvherein the

polﬁhﬁg ﬂﬁlent ? | rilrblrt %{ﬁpx‘['f’s% 'a%léﬁ?el Jf?x agtrﬁﬁfnmﬁﬁd fuﬂﬂl:q E}nﬁﬁfy 'Zi%sa
redwg @qp%legt?%

Igight §UH1‘Z9P318§’1%rﬂf Behyd ﬁ’ﬁy'élfﬂyd‘?“fﬁang agent ,
o-hgdraxy(-g-putsidlctinag badand, ®ashydidpg [diadllomantific bdienedEfomthalddhydd)
for 1ﬁﬁlagfdz@%rcfggﬁ 'Hy[‘h%gt? glc)fléeé h‘a}d;@?%}flgﬁf Bf;} ghcisF)IQc%&?s] acltfaﬁl]ids}{horous

ntl on

acidy gpyastal ot @eféblﬁﬁﬁr ingp qyidatiopestasy havingastandarg irodoy pp@rlml thag g less
thaiiit Baadedr6 Sitrgiatl dTahshetisin ah oxidékd PiaYirdl dgxgbenzenes,

soléak‘ekaseiecﬁ&% &‘?ﬂporu's ?&E gsaﬁ'sf tﬁ?\h@é add[)}n?;ﬂn?s%he%{r%df(ﬂﬁ Mighfd)
carigqyeid 6l abf@é@ﬁ&hleé%a ppidion ehthp gretd) &t araxidizpdfprn fogpoligh the 5

subggdd. shi ng conponent selected fromthe group consisting
of an abrasive, a polishing pad, and a conbination
thereof, wherein the 0|IShIn Cc onent does not
compri se aDRTAILFR LRASGRIRTIGN HE RHANGRSHON umi na,

[003]i ) Bhd i@GHAELN BroRiWENE mSBbE & POllishir@rd sibra@f @UPrising a metal in
an &ocﬂzc'eg%mp %he 1bet§' Jj%g{é)%?éﬁﬁe e%)/egg DES (a) pr demﬁ a gubs drate comprising

rane,
a meﬁahm kg |oaudiza@ fcmr Gheantacting papEengbde sytsie avl‘fa@waemwal-

med MBIt PBRshidd)se§ted LbiPieiss: (l))éq{oﬁglﬁhg%ﬁlﬁjﬁnent selected from the
grO\E%(?OHFISU ¥ ol%oarrl gk%lr%snaec Iagahs?lpn ﬁj% ?%%Rx%gi!ngnoth&?&agggrreducmg

N avi n
agentemllﬁ@thqmdi catner,ma@ (@ gbna@gg attlpasgha pw@%@féh@um&@ g oxidized

forR S §UMsh &e s@stthdde nmetal in an oxidized form

[00%@I dyﬂi %/ Eecp ?Zﬁﬁ € 1n}len%0| Vantbeed gci % ! ﬁina%é/ ?ﬁ"abﬁ usralg%isate (e-g. 3
integiatpdiciicwhmeery, oraig ik, n@ml,aaqeﬂgveéfhele@tgg (ILL@) BYELi on of
sendidd@dwBRdrahictdlelddirodbdhadied s§ @i fe@oddtricsMagitic eddspdlabheric



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0013] The
i nvention provides a nethod for polishing a substrate
woanpricsi’ag a netal in an oxidi zed form the neCHWS2005/000140
conprising the steps of: (a3 providing a substrate
conprising a netal in an oxidized form (b) contacting
a portion of the substrate with a chem cal nechani cal
filopy ahsl S0V pichighydielestric oonstansfilmy corpr)sing apoétalsihian gxidimp Gomn tit
wilsed ﬁﬁ%@%oﬁ I’:H&ﬂ%ditﬂ@le QﬁB%HQte&%ﬂ%b %fdvf&igd B a @dﬁﬁ@ ﬁ é’oﬁ“nprgmg at

lead? %h Wl:gzq 51% é)ljﬁtal l%t ay o>flﬁxiz?n%) 1‘10511 |alil p% h%y%?s?qogw isigg ath(e@}laterlals
Such 8% adlicialy aahffdrert onetal i lrpfm xiidireddbrnt, heamipswdtinigmaerial. For
exaﬁ?plleg t%%dbsftrﬁfemaﬁ @on‘i’& sk8h nfsiﬂﬁtn%q%} E(ﬁﬁ}?rlsn{g%g}%ﬁlta-gﬁbqnsulatmg

olis
maf@Fh S50 8 o 61 oS Do e o otaR coret el mcr. Aupinged
orgaitic polyjingr, di any, othmtslatablq higher lev-elinsdiaghembrteiial. (W th.)plesent in
the k@Bhte, tBEMHs@MHIULTP pre fdFhifty Sbn‘ﬁJrfs‘gstar SidBhS ?é&'lﬁ& t em

rrolectr| magnet i che nmerlc
0031 "5 et ity the g By %’—}dy G srp%s g amémaml in
which a@lnas@a( patigrdf thometal atbmwpdmbesb ewenedectaing don ttiadlemental metal
(i.e$ Hieﬁﬁé?él%aﬂb@éﬁ%ﬁe@ﬁl@aﬁly‘?ﬁmlﬁﬁ) pfh@ #e@ﬁ Had 1513 ift aﬁ? QJljtagfé ddi28

r Jeast ‘one
fo“Bx E‘E‘F ie "?‘B %‘i%s IB‘EIH‘S% b‘l‘tégﬁ ?’E‘HFFJ;“P: %Wﬁj laifrrf@ﬁ, Borides,
sulfires.enil aligyres theteofisTle metldah an exidizddf forme bin lnwt ahy $uitaiole

mo@mwp B&shid. Of MexRip 1@mﬁeﬂmln@aaln9arg;§{uﬁﬁéd% arn o%%r%' Stetal

e.supstrate can an 1 n
in ap 8?%‘}%65 ?‘H&‘ 4} 93‘?&? wglegtlardamu Mgy n@@r@ﬁ\a a«rpre%mé Fhegmetal
andrye whlich dsxdndetegqp ocoessntivey the moxbedlef oxgbassomoinghdititallest

mol@&héﬁr%ft of fhle lﬁ%’idl ﬂ?&r{e&l L &yahy A0 nf %?!:a)fmﬁan & reg?ﬁ ¥<{/&t\%%h is an

sui tab
e R eRs Fﬁﬁn‘in}% fﬁ% I%laﬂs of matabatomﬁ@ tben%rmﬂa%tumf@equb@y gpit of the metal

in apoeifdecdfdrm. conpri ses a silicon-based netal oxide.

[00{ 015']" heﬁﬁeté‘ltc'ah b@?xﬁr stﬁ?tfilﬁé ﬁlletaf ey E)%I[ir[ﬂle %trgétﬁll Cla{l %F tanta um,

1 ze ers
and ﬁ%erlt’?@dn 8t O’flﬁ?ée 18|Calé%%@n%‘§%%d§ £-8unintadn @?l“rt@?ﬁée)
Prefieiuaty, thie enctd] ésreubsd merelt dlhe Gbblemetat 3@ beRhAbuitABR ndBRMetal, but

preﬁﬁﬁgﬂlg?éléc%’engfg %Blcgﬂ?stﬂ%g@laé&?ﬁl B{%ldnﬁ] ﬁ{ﬂ%mﬁl%l }ht%g

lagtgmpgiven p3mip@gee 6 ang goryligations theregle SMO% @rqu@y, the noble
metsluis fridéies ,andithe nidtad inisresxidiberfond is irldiemmRiddI(IrOR). an
i di L e. I roul a.
[oo% e@%t{aogbmm%m &%%%aﬁ?é(ﬁhﬁﬁikél gals%m@g}/s&g gfnpirhg gul
po 183%@1“&0%“ selecied from &ie eaUPEPRETIng of 31 24esiYeay BOlishimg pad, or a
combiratianihateof. OfechemibOyechitttad pdish@p & RSN ﬂé‘scilb&l HeRdidllesirably

comgﬂges%trll aM\‘é&&é“ar{d% p%ﬁsﬁlp%gﬁgl[e "Th gﬁgﬁ%ecgf Ibgg) zg suﬁé'{)qbﬁorm?e g.,

ar Un
abragie antlFlﬁS)a A he ghragivesinde ﬁmd @rsth@pféatn@g pedhand/greagbuil t o
partknlatbehandssugpental i@ gy liquRivag e NTha1®likHieg ﬁaﬂmﬁ Tbe @ﬁy suitable

poliﬁﬁlﬁgg% datﬁigﬁbrgﬁv d(:aﬁx %gén%géh“ 112%%1%“1%@%@' tﬁe 1edu%ng %ﬁn‘c
s

as welljag a1y thareemponepts rsuw@?ﬂ firgth ilméd AEEiE, fqraxrfhmohshmg
combadificl dafiihe (ﬂhﬁﬂlchhﬁeéfﬁhiahl polishag (6], obMR;dyitaﬁm can be a

[OOI{Sﬁnt aﬂ'htlé%l%)s(lklg gan(b%bagg sui ?fgtaglla%ﬁ% P& %m%g, th? abrgsweegc%g Ib¥
natuga)iof stheti apd eanrepprise ¢prfpin hard polymers (e.g., polycarbonates),
diamond (e.g., polycrystalline diamond), garnet, glass, carborundum, metal oxide, carbide,



preferably is selected fromthe group consisting of
platinum iridium ruthenium rhodium palladium
weizbosmess7osm um gol d, and conbi nati ons t her eoPCTNS2105/000140
preferably, the noble nmetaf is iridium and the netal
in an oxidized formis iridiumoxide (l1rQ2) . [0017]
As not ed above, the chem cal - nechani cal polishing
nitridgpy andethe h@rp?hegé@swe gosirablb corgprésenpueehoxide| Sidtakld nfetad nxides

inclidB ghell OXiReLRRGS Trbfﬁgh@éro@ﬁ"ccﬁgﬁtﬁfg' ofBlunfind A1ics RERY 2P&Fhia,

stanfy edtnfith SouOirh Ao g MAEP SRR P]gmo'éa@s%abiys@g
metahpxidbis aelecied ford the gyoup ehiistpgpédumitiesitite, asiay endcambimtions

there‘of' M0 prétetadRl e hRETbLige Qomprﬁ&lr s@l%avﬁulﬂﬁﬁﬁt(é gl ﬁr?ﬁed aldfina or

ol b e g et it s i P Bt 4
alumdray Wlean. theTiteasiye] dogipiisey oppuinioa thabrasivg caniblsabéngprise other
form@ F m&hiﬂagsmgs fulf3g AR 11?&5 'T\h@ olaSiRa, SUSRPRLED, daH c&lﬁﬁme any

sutabe e g s e oo PRt B pane e
on thehadalpedighs lof thg abespe)s Prafeablpfthe deluotendoogirisessi®hvetrti oamore

(e.g. LB SRoPfhof & 76 wi. ol YR orS YBLE S 01[19%8210 I8 RRRS 18Y Gt A%

n bl r
more@g(l)]a y sui t abl e q, asi ve

Lo RO Y% G RGPS B b SR LT 16 VBBt o e
abradiar. dlhp@abyasiwe par{idegty picgdl haeaaboreze pdrficldidianta of 20 gn to 500
nm. ﬁb&lfé’rﬁl;ly Shé Lérhg\gﬁr%ﬁ?‘g@g nli]llg%er al,nga%lggé %ﬁg\lh@&%mﬁ&ﬁgm sy g)% nm

oxl,
(eg’a]@Pélg}t\?@ 88 ap y conprises a netal oxide. Suitable
[0019fet aWlexititesbrasivelivigtesentein alie dhmnntelsmsc&lamcﬁlqﬂhﬁhamyﬁtbm and is

suspcg{dgélj{?l thOhgdid Eérﬂgr (Pg @h rﬂlQQUrasWe id Qéomﬁb‘?hﬁtaof t 'ﬂoﬁ%glilga

anl a, er mani a, or med Bro uct er eol
COHI%WB% 3y Briable ﬁ’é‘P%P al?i"flsé‘feéﬁa% ¢ presqnh i theplishigg cerapgsiion.
TypiselydCt wo%fdr anord (eez.,gr DuP%eo nbie bi Ny, %oranhma) abagsiveiviil ba,

prese%'?fn tﬁe %&ﬁgmg QBEHn%&ﬁIohO e %ﬁ&fn‘?gf 1br4\£we%n ?{ e§h ﬁgkﬁr%%mggﬂﬁon
typlcallnmlhlapt gxcesd 39 whrmappre %PlcaélywHﬁpm@Peér%Otwe@ 08 Wit

exced Bfer@hl y, the netal oxide conprises a- alunmina. \Wen

[002683he Weﬁ%}'l a%re&%psr §u§1$e§1d&f 19"[}1;4:'80?191111%&%1@91&1 tP{ee]?o(iigﬂgg

compgsiigg ﬁafferalﬂé 1%08919#\1%&&191% tespeolpid refersio tswpiRaEoNAy
abrasivtl gagthlle® immRUIghidabrrich eCallvidas statality @efars to Thewhaitter@hcdafitieat

SUSP&BIO}I ri')% tm% gﬁlcﬁge Joﬁ%x?tﬁﬂ@? 1n¥81tf2>§1sa%dabpeﬁlvte hsecc%lghajed
collo&gi’m F‘iaélé & W@emhe %16$1Ver1’é placgddnig a 1 éeml\& adypigd cyisder ango
allowdkd tOstaxid wmERated/for MMim¥ w002 homs, ghe cﬁﬂemﬁce%eﬁﬁeemﬂfe&:pnc&ﬁtratlon
of pa\f%dle%’i]? {hergégtgg égqnl\g'% Hlé’g?ard%lﬂ?c{ c&/emg‘% %Jflﬁ/ egﬂls ggé/ﬁ:%) Al tﬁehe
concqriatiah pEgiriicespm theiten Esmt gfﬁhwwtgateﬁ&vw&h([ﬂ Brtergs ‘of i)
d1v1d@él by thelisitigl cdp®iheatioafof pEHiBles ina@hdiMastudicompeditsradCyin térime of

o B AE PRI 0 BN O B s A
desirgiis s lpssdhamsr saval & Q.3 apd pesfmbly i lqspthan or equal fo 0.1
[oozqhemrﬁ@hvef@@ Ijbaxr‘mbmize pOthk pblisAtheSYEbEININE. gl, Shesdveagngacht

the a rgﬂﬁe P]aé'h%l %usl%eﬁeedr m?hre l?%ulae catrle\gﬂa%]feltagg %95% Es\égnt fly
unchatas thro@loatﬁhweﬁé h’éemf tlﬁ@%s@mnnowﬂ%elnp@m%}@r rﬁ’gf
averds® FR@SIetsiz8df the polishing composition preferably increases by less than 40%




Typically 0.1 wt.%or nore (e.g., 0.5 w.%or nore, or
Iwt. % or nore) abrasive will be present in the
weoabis®asITyg conpositi on. The anmpunt of abrasi vePCI/USE®5/000140
pol i shing conposition typically will not exceed 30
w.% nore typically will not exceed 20 wt. % (e.qg.,
w Il not exceed 10 wt.% . [0020] Wen the abrasive is
(e-BUess dradd”s fess than B, letsithay 26¥mprss thei 2096, ledsahauol 5 i legs
tha€ QOPRPHIdulsREut BfeafsefiBlte Yot the pSIhlRi & kbauélt(é%' 90 dIJ¥ %r'irfe;&é“

180&2&%&%@ Ig?refr%8§g;}crnsrotrE{raomsjuspens| on of abrasive partl cles

Col |l oidal stability refers to
[002He nﬁh%‘tf@nmééiegﬁantchlamllslu@%@mmhtzw10mlgehnetiméofthm

invéd¥®n cANd R rls@ﬁn}I slﬂlitﬁblé gk @%nt Hr é&frﬂﬁé MR rbdiicing agent can
col 1 oi d the abrasive is

ere
be SeFeCtségg’ O %g%’“liﬁfﬂﬁs qu%@i@fdé‘?i‘yciwr%?é Ee &nd al lowed to
3- hgcirm&m@ﬂgﬂ-ﬂaﬂg@e} erhydroxynebutyfrol2ctoregrasgorbib acidj Hokae €RHE),
bor&%ﬂ@@nd{h laﬁﬂm&ﬁﬁ gorainﬁéthﬁ%fnb %br%ﬁe)! ﬁmﬁgﬂ@elrg)@& tf&{_ﬂ g

ate t
acid) ydfbecd (o Buftb RS o P bps st wich Bpsrgiylating
hyppplespicaehisatidd HeBM4).mitesphoiol adic(H:BOMs2 okgl ai et ivisde én

oxid¥¥ioh B@teihlihk @'staﬁ@d?@ Fe'abi %ﬁtélﬁﬁl ﬂetr15r’r§§,st el 8 s aﬂdag@f%gg)g

pot?nﬁ gﬁ‘?&l}eelgcg a{l 8x1612gd %%[rm trlhy(%rﬁpgjbenze[wﬂ ? g[ d < 0.5).
1,2 ?ﬁl@h}&dmwberaﬁnﬁ[ BRAtihydrGybaesie, abl.g, Sl-tshj/cbszs/bbmzane)molvated
I

ele&@H@de @f_? egeggrg,? %ﬁ@ﬁ&% ax}dlc(ﬁeégijssa&m&eﬁg &ﬂ?{
thef&%*irﬁél UGS msta or m?t%@ %R%P %@ anysjusteb Bm"«iah%r raﬁaldelil b@evmg a
statqdaldtrﬁctolxe)srtesudﬂlmﬂ ihelelss ithmnttheestdnidepdirellox potenidl Jof theefetd] abhny
oxidiSMEbnS ﬁﬁﬁ@l@trécﬁllc n¥ nHREGeRH (S RRAR0ME fNR1 Pﬁﬁgﬂo
alkaléllgf e ﬁé g]]s e{'ﬁ@bll shlln%1 n%) EI tiLon. In particu

erd 1 dnelals, ging irgm, ke’ g0, <A R RIBHHRSS heresh
Furthemmfoes, aithIVI)VI beodesteebthinythd mémmglaﬂalé Offpetabions daddbs atdoaibted
witlPpitablE %&nkl@%ﬂg §§€ﬂ‘l lgesassaft Gﬁ&hﬁéléﬂﬁtn%%u%g&ﬂc %ch{ Gy | es S
prowﬁengﬂgmwﬁtrngﬁeﬁ%acdé;m%gp? ;eélrhei(eén 816 tergp* salg@@ glectirys erefers
to ad 8Bctchayssrrounded be a siall BEbbed af sricnted 3ol et mdIEORR Je. o heater
mol&nﬁé§5 C@lvzﬂ&ﬁé i&%ﬁsaéan Be hfc%ﬁéeﬁ%g%%ﬁ}n%@ dftdﬁflféréﬁ :a de%sésh §uch as

i nvention_can c ri.se_ any
the %@B@}Sﬁg valse Z“rg sHIS VaRER ST e pb@f@lywé Gy %’ngﬁétﬁ golgigie Be
Fe(Q§)seotBd from the group consisting
[OOBf] 3- g}{q )?y T ér o(aﬂt?e%t G rgdlscmg ag%nt ds selected from the group

he

y yrone Xy-
conﬁstwawswgr@mﬁwona%@& Briydepyd: m%y%@yremiws;lydmxy “1-
butybalrabnedrbotes, balolaidkiydsadinlglaindredomacy (€.gg dimethylamine borane),

foruﬂa'l%ﬁgf&y k@mﬁg Eg@@%e)nulln)&ig qgm ggsqxgeh%cfr&gdﬂl&le 2§81'fc§:§1’1c acid),
hydwy hBHiechye phqwraes@yﬁrlmrﬁéybewﬁ%ﬂﬁssMg‘r@%draémmne
1,2,4-HBiHER)y bephaphrol, Drsrilgydiosty en2die kolvated@tatongrsulfi@ba acid,
salt§ tﬂé]%of’ &qq‘ﬂ xﬁ}fésqﬁlérkﬁn I 51‘%?} iy Bl%ﬁelﬂlg&’ elﬂb%pﬂﬁgrﬂaﬁqg rJdgggé( agent is
seleg@q gﬁ‘f‘lﬂéﬂ STEWD §ORISking: q [dimethyd@migs berpnce &ormds gpid, hydroqumone
hydfofiiihyretr saiyfie acieé e drok flag@ine, Bypdpldsphidrd At dxyihedoeienzenes
(e.g éig ‘#Jn%d 91? W@%@fﬁ%yd&%g/%ng’en@ d&ﬁﬁ@?fhgé%;?%ﬁ?éﬁ@? salts
thereqf etndrnaza%lreaé pege( I—Iéﬁ%?tlveb’aﬁl’ccé af WhereBe cheapepl sehanical

polishing system comprises 0.1 to 1 wt.% of a reducing agent based on the weight of the



thereof. The reducing netal or netal ions can be any
suitable netal or netal ion having a standard redox
woab@rksak that is | ess than the standard redoRCT/US2005/000140
potential of the metal in an oxidized form Suitable
reducing netals or nmetal ions include, but are not
limted to, alkaline earth netals, alkali netals,
liquid pratierjang Ay Famen¢rsndissolyad ovamprinded thenin, theeedaoing agent can be

selditeﬂtfi@ﬁwmergﬁmp lc&nswltlhé obﬁhym&sjuﬁbﬁeﬁest(@ t the reducing

sui tabl e

3- hga:‘}h%i f-meth [lTﬁ d)é/r({ne)(, gshé/groxg ygog&réclgc%ones ascowmc acﬁ borane,

bor@lmdypl@nélg Ksileininet horananiEe idimethylemige borane), formaldehyde, formic
acid lh?cmséeﬁﬂBﬁﬂr@?ﬂxﬂbﬁ&sﬁ&rgt'ﬂ‘%?%!}ﬁn@fé'sd])f@mﬁ&l&)t hydr&SahnilRL €1 N,

£ t s,to.an elec ron
R S R AT
trihpdypedanzese, (08 1 3.5 tripdrexybendeaeusobeied eBsirons, etdfmtscamdmaks
the&@tﬂ a@ﬁnﬁdﬁﬁé’d&ﬁ&gofbWVH‘énQ%@ﬁhlc@f-ln@éﬁaﬁi%ﬁl%I1skﬂﬁ§§3§§§ﬁﬁ>e not

corgf SR80 0 ST LSt oL A S0
of Fsdany-bpyomss (84., 3-hp008]-2nrthyl-pipsfaae); edydmiapditmgndlactones,
bordMREbdrEIdFHEY dﬁﬂk?ﬁ?nlﬂf%%'e@@:tge Qith &R bOFAMP formaldehyde,

forlgi% %;f&? %@3%5 g nét?e)éi? %nlg}{ ?c?qgﬁﬁgéfe%%ylc aﬁld_) hydroxylamine,

hYPbmoylv}@Irmtagudezsmelbkmalmfﬂ i ioyokidaties stathitalinyg katmdeed redox
pot&‘ﬁﬁﬁﬁ@ﬁls le§s tﬁan thé htgﬁiahylleaéﬁ d}?bgeniﬁglr@ %) methiQh TR bLANY A Rrm,

rmc ac 1.NO
tflhhfi}aW&a%ﬁeHWS R R 8-t M‘E&zﬁw&m«%@nwne or1,3,5-
tritprgrophospd)osabiase daeddctionst sl fuyls aaa;i,klaahmhnlesf eed mixtures thereof.

In aﬁ@tgelgelﬁkfoﬂm{ QRS VAEN Bre gyhgmﬁlg ol Qﬂe‘ﬂf OUD ERAEEE-mePhanical

-tri drox benzene trons,
POl SR SOR e b S s oot iap e
reducmgeagettiven bgseddcted foth mﬁgmxdp mmststmg dnfe% -hellog-hgyragene.gl s
3-htRb:§s- ﬁféthfyr @won@) %9&&493359%&@%15&@1@ o ofhn BB @mege

or ane (0] UI no
dialgylpmige .‘bema%ﬁ ﬂ ane pol w&%gﬁq TBURACh hydrogen,

hydtdquhynhscémgbbytkmlmsmé eulg)mc a]:;d?, h3eitoryiamitepkypoenEpieous acid,
phoéy %ro%s E{%H Wﬂ%tﬁw e ﬁﬁ? n é?lroxitﬁﬁoést%tg h%ﬁ%g &XP&W}?Q&Q

pot%iﬂ&lﬁﬁ%{és @%zﬁamh%stew@fﬁ r@%crx R?&‘Elﬁélrﬂf &g mesg)in éﬂ Sﬁéé% Bm

trihgbogybesesesQe.§., 1,0,34ringdrhydtnzang, 8 dsirhgdaggithzdnased, 305

trlhiﬁ?&ﬁz@é@ &qva{eg%ke'cg&ﬂé S %foruk g&d %E@s tﬁagoie Qﬁ@lﬁ&ﬁﬂéssthereof
ve

or suspen erein ¢ing
[0024d S dnegqes ép stiestiyelneel 1@]@ gﬁﬁulg’sgﬁ@, the Ftﬁ@:{ard redox potentlal of the
reduefng-aaydshonyd Ye lpssrtharetie ftendgrd redox potential of the metal in an oxidized

forn’?’ ﬂ¥@?%ct O%W xﬂM—k fo%’d{%yahglﬂ@ll‘-la@ﬁhg%ge[l :%%SMs'l‘n%né‘grsgﬁtela;i the redox

ascorbic a
poteafgli weaﬁ#%@g@s?lﬁ Aok BHds lessahw%vﬁw%@lt@bpéh@metal in an
ox1cﬁ@ﬂlf®dndﬁhydﬂng ornmic acid, hydrogen, hydroquinones

[00{'5; "Ehe%%ﬁﬁgl%&%gﬁ dﬁ lﬂkﬂs‘i’lﬁ{ %yﬁgrh ggﬂ cdﬁyﬁgfsg ?Qél &mﬂﬂg amount of

or ous aci
the @d@cng %&emh viapisanpd Wfbﬁ@walrn%hanw% ppwvs@ﬁe@ﬁ@ses 8101
wt.% DBm5ret(E ighyds exybennaeeeor,0. 1561, % ak ﬁﬁbreg kenitihg ragent based on the

wei%l ?gad%gﬂrlgl‘ aq%i%r}% «Sﬁ%l{ﬁﬁb% ﬁ?ﬁrs omsﬁgi)yr{cféﬁ tl pegtgggl{en ot

I N SysSt em
chela@ﬁlplm@émaﬁ pebishiieAy siem Agugatly C"t’lﬁ%“%e% a%wr YigPrdes f-2-c v or
less S it @ 1ek4, 8RR Br 1g4spoiD WiMSi $dsé)R¢ucing agent, based on the weight



of 3-hydroxy-4-pyrones (e.g.,
3- hydroxy- 2- net hyl - 4- pyrone), a-hydroxy-
wQ-2stogsok act ones, borane, borohydri des, di al kpCamiSz®s/000140
boranes (e.g., dimethylam me borane), formaldehyde,
formc acid, hydrogen, hydroqui nones (e.g.
hydrqu|none sul fonic acid), hydroxylan1ne
of thelisishresish ardany camipenents disselaed ayrdispetsed thewins In p peaferred

emb@dintdat, k&%h&hﬁhﬁn@@ﬁh@ﬂ palishiBndasd 061ﬁ91@§és @qtt§ Bty al, rﬁcﬁ'@t

pref%r%blgf(]‘) gt)%tlh /é Oa ﬁ? PrF&f*’?f%‘f gg?;})nf wé‘gntg uc Igoaféeﬁthbeasgﬁe on the
Wm@“2f@ﬁﬁﬂWﬁVQWERVﬁ@nZeﬁ@pmmn@dwﬂﬂwﬁhwdmmmybéﬂmﬁme or
[0025] 3, 9 lifwid ByreiEOox ang ﬁi&ﬁ])cate &e hﬁ}ﬂfc%n‘-ﬂf@&t efb@e@ﬁfe (when present

sal.ts th
R L G S e PRl I e t@fmtﬁ%ce ofa
SUIt@dﬂﬁplbﬁ@m tode pphished hieptiveaived. e ligwid catriepainibs iy gpitells tlignid

carrfé@ eﬁypﬁ&!ly,&@é"ﬁcﬁd@ arAer'Ts Whidf, 8 nBtuR-RWAE: B 28 Fabid Watbr-
e selected fromthe

i 0, oS e PR ey R ey ot
esseguq:i}yd)f,oxyo@mhseqﬂvgpltermfyy poafi@dbly deionized water.
[002@] hy @[We‘d@h‘b@% Mfe@hélﬁfcﬁl%&hmﬁ@drl w%hm*ggglﬁgﬂ qﬁh%ﬂ%%;he

¢ ﬁ-ﬁ{l .am E bor an é?j }g
metfeg} CdBYRhen Co e BRlighs WB@@@ S RE
standaed pdox hytntidthianis fess thah fherstaodaad reddx potydiabafthametadin an
oxidiRée @cﬂﬁ%‘ﬁm’lﬁ%‘c (S"f‘%héjsubﬁﬁ%,pﬁgﬁ §1d%§ﬂrgr R o & englére that

having a_ stand
the 1038 450 QR TUFOR AP SR ddn o Wi by the Shsgsel-
mechamicahpalmhing bystdnepreerailly daws ast compﬂsezaeﬂxemmaMmdlzmg agent (e g .

1nor%aﬁﬁc|"'a)ﬁq ro?@é}ﬂ% £E885ouh s, Bromatks %nt%atésr &lﬁ&g{?g’ 3‘)’1 %ﬂ% S NBdates).

t roxybenzene , - hzene
Pam%%ﬂ&e ef@ CREPY ﬁ@@llﬁ“%ﬁ%ﬁ%f@éerabé& foes “Ph‘é)rl%lﬁe 2and
componehie s ntekpd llcmoﬁr coﬁr%ﬁrﬂq) hhvinga stedatdoreddsf pedntiniethyt is greater

than@l‘fél éta%t]aﬂdh@do%%i%hﬁﬁto? hhguth‘?al S i Bae d?&ttﬁé"grt%l%gréﬂfedox

téﬁj E(% ucj ng agent ess than the st
potepti) gihp s1dufie agengp). e ﬁ&f%@bbra A SEVGKPIATdRE Sl
mecm@hbpcishiyg sytens tigi podishipd syktem dobendt bemnpiisla-corpbaint kaling a

redoQ bt RS usly ﬁltl it 1st é?fatcrr %Q)fhquﬁcﬁzg)to'teﬁgal%ff tﬁehﬁet%lqlq Fﬁ‘f nglzed

t s
formt éumqndr% ﬂé?rfe% Retepty of Grewsdyeing @&wt@rpt SPOUZE]  The
Altembivaly; alie-direm ivalmedtanjoall pofitinpGy syia cemfieher @appise S @Myore

redox aﬁlﬁ%r ﬁé?.fcal@’ ﬁt&ﬂ?ﬁﬁe tﬁeﬂx@&dcﬂ‘%y g?&'%d/ox]_ $PLGal éo%ﬂpg%}lé'n%s of

the RM1se}1r;nragc;§/stﬁg§1r5@ tl(aé tk@ red L@m@ Beeit al% Yeh %?@OHWLQI){?S:@%M ogagfwith
eachrotiie i e, elwmdmgagemtand theedr ampohentyed adttunddrgd e
ox1d£t o%HE(ﬂléﬁ%{ feh@tfonf&ﬂm%%{e &Efﬁpﬂ@ﬁlﬁg of ﬁin' %ﬁé?}!u}fﬁqné%ﬁam%al

P°115§9’§t5)é?‘i‘?nﬂ ohiur g the f@aww@@gtwq gﬁm at%Sda%ﬂﬂlg;gésI\eé Bor, exarzple
whehe Y6dotink egei cckprists Bé”dions, @R cheiBicitm8eharicAl§S Bshirpr 5
com%ltlé% %En hl?t%él) cofn%gyec\yvgl[gr &Q%&Ealv&%ﬁggﬁn"%&ﬁ %m}’ﬁ ! %h{ with the

Fe*" igng mrgwe@ﬁ@r@as mydippide, tbfir@?rym@atlr@r% deagien(s) Vt’lﬂ”'ethe other
compsdhents 6fdhe polshAgisgatm pid ansmbtr@nlﬁ)ﬁﬁﬁ@mtmmmhc&!%&e&aﬁlcblo

pollsﬁlng?:mé‘g%ﬁ'WOrn Q%@Jrﬁ%@gfy o Qg/(ﬂ‘tlotn 11 ccyﬁtl rg% gﬁggnoﬁﬂgttlrgeracts with
F{g{] doRgdp gmiu@ra ol thatipeevenis o1 réﬁarda @Hy &@}W%’éﬁﬁéﬁhéhﬁ @ther
com;ﬁﬁnSﬁ@bfltﬁélp@l[Shﬁlg‘Smé]ﬂed therein. [0026] A liquid
carrier is used to facilitate the application of the
abrasi ve (when present



in the polishing conposition), reducing agent, and any
other additives to the surface of a suitable substrate

woaoBs@egioki shed or pl anarized. The |iquid carr PET/US205/000140

be any suitable liquid cafgier. Typically, the liquid
carrier is water, a mxture of water and a suitable
wat erm sci bl e solvent, or an enul sion. Preferably, the

[0028]i qulte @ammaleneqtl@mmlupgb@lng@mﬁgm@p@or@ﬂs étn’thﬁlacrqngprms a or
chelaﬁl@g"&*o‘é 1eRfn \é@én@rThdM@ld%ir%f &t é/nydsﬁitélﬂli &ﬁﬁludélﬁicﬁﬁtwe that

enhaisgy g #ﬂhoga@@tst AR ARt Y%y s SR il fting or
compleringrigergncapongirdes s exenpdd, carhomg conppodelsts, aeetylectaiicy
and tIRAFRS, shﬁmé SR ﬁ{@(@gr&efa@g%m%emmaé ahd@b m«% | ess

standard re
carboas'iliﬂ@f SoiFpE me(moa'ﬁg@ B RhEet Bla, Shet s TR s ke
gallicl dciind sdltsrtherent, ant thedilep di-t i-end peky-cathakyletee(eram deelpies
phtha®@&NitrhiSs, Q¥RInhRY |tﬁ“£1£t@s nRBRds, Wetafbsi &g HﬁBBt@imdn’ﬂEE‘FA)

| mech r h t
A N N
phospigeiatgrqups,@nd the hire.g3uitableahdatireyampoploring agnmpsoﬂmd:gn include,
for eﬁﬁﬁ%fgﬂglﬁ Stri-, Bt %Jl?ﬁll&ﬁlols?@k O IeS glf}c!@)'l cf)‘}mic@t%@ho'l %jn%tgﬁlﬁ)l tadic

chem cal - nechani ca ol.i shi,n
scid, B A BE T s T PO et s SPteche o
alcohblsyWi-, ti-, eeimpdamdies radithegike). sTierdiaice of witaiXe pefating bal

comp‘iqﬁkﬁfg g t?{;v egéndt &ﬁﬂe f @ o§§u@§ig@er 1‘3}/&%’ f Xthe §fpB Bk }n@{al)%mg

t
polishedy WlﬂdleéPRrF%Tte‘g‘ﬁla‘tfﬂ@yroé&?&%{ nefyisfeq Sneo g exstin

the fqpmeff @ sableye,, aateta sgjt, we ampidnfuor satthe thhide),calapdcdran i partial
salt. 9811 éxﬁrﬁgﬁgclﬁé@st Hded J}@lc REl fRieMhs %YO%BB q- d&ﬁstrl-@%s theleof
(002 e a, co nent1 Vi, Ng atre OB%}POten“E]G ﬁiﬁ@ ¢
SﬂH tmachp@lc@k@%& R AR YHEmGR" paEany rublsptk e pil o
the cliggtied]-nicohanitabpalidhizgsystenr canatfes victregda @maitiols of breh thedox
reduc%% ggﬁtlaﬁh th%fmett'ﬂ %’,ﬁrp @12&190 eﬁ& ()méHI tﬁé"ﬁlﬂ opl'ﬁle chemical-

em ¢ a anj ¢ I shin
mechgvg%l@ﬁ%l@m SV%}?‘? et b%ﬁ?}?ﬁﬁeﬂ g rh %@f %YCP@dD&Weg the redox
potenSitiedTithd Zéucingtagait akd the rédoalpbigntisl abihk infeeal irhan axddizedifougn,

there%@%{b‘io‘%ﬁ%{l@ Lhel:nt;&h/%xﬁﬁg oﬁﬁmgaﬁ)ﬂtb%ﬁ@e EH%%G&I@&?%E&H@ Ond the

reduci ng
metalip ap ogireS ogs. RspicHyathe il ﬁalaf a?hsg}ﬂgéystene fes apH
of 13108 tHg&: i MegfegBNthe @hdnitdenahiigeal paishmgendtan tas aygi ofiihodego

(e.g.,%io?)é%sg?ec;rgegé,troﬁgﬂg {gle Tg;ﬁ@ﬁngcﬁm:h% Al o ! %E gﬁfslﬁln system

anlca Syst
has agFl efulrarmpre -2 WETH- whi ch t he subst rate i s being

[003@o! i shesH offihe cmﬁm@phamehpoﬂ@ang eﬁkum m bageii¢ved and/or

mam{:amrgg %g %1?3?’ sultgl%e me? (grg gpe‘c}ﬁ%m}p ﬁle g‘@gslﬂ&{ éa%%x‘ﬂ&r
ur t her “conp rlée I ssol ved
compm«;/g eH admpfplc R PHAWIaringagent, Wi 3 wm%ﬂrz@ ﬁlprqo Shegpbi adjustor

can b@%ﬂﬂ?ﬁﬁbl@ p)ﬁl@rdﬁ@u@ doyicpoid. deyr exdneple e i ?xgmm cagbany

rea on
potasgny é/f;]h{ox 5 sgﬁfg%nhrhé; ng%b%ﬁﬁloﬁ" ?1%?@1%%% §Ha cBFx%mQQcLam C
The pFbbufEiing geesberdsiany BHabla UEPiiE A68RT (76 F}§i1 nggle, phosphates,
aceta&g ddo?dt&n@hlhymﬁlﬁ RIS, 51 the likgQan@ chihaicaliméchndedl $ol\mhtﬂg sydt@n

I ons C

can cplgpgsre fLY gul% glregtglé) 1 o%e%}—f%rqgt???%g/&aé 1?11-2 Pﬁ\gégﬁ% %% rov1 ed
such piheunhds suéfmqmgtowh@mr{dm pgjntaip ghe ke heapalivkin Sficgny hin
the rdd@éd sehioR@ hexmt em optional |y further conprises a



chel ating or conpl exi ng agent. The conpl exi ng agent is
any suitable chem cal additive that enhances the
woensywass7eat e of the substrate | ayer bei ng r enBCeas2005/000140
Sui tabl e chel ating or conpj exi ng agents can i ncl ude,
for exanple, carbonyl conpounds (e.g.,
acetyl acetonates, and the like), sinple carboxyl ates
[0031] e. glhe chersicalmechanicyll pobeingoystém optonatin firthecdnigisys a

surfa@@ftb Qﬁ%‘dlb@t SBEaaAN @&innhdleheOmRe e}&fnp‘f@ Eﬁlomé@ﬁﬁ%@fintg hifdRie
surfa%zﬂa&sg ggtp ng garcgaaf?s argﬂ'a}te{lﬁ éurch%&lél%%&%rgs? tpfn% a% algﬁta fce

Prefepablyythe pprlibing ssstem compyses a osabrat ssfacpht txleatasple of a suitable
nomoﬁictsﬁﬁﬁc%ﬁlt 1s%%91y‘1@1‘éﬁ§mnfe B&B@E%lengﬁrﬁcﬁﬁt ”ﬁfé%%hﬁtsof

surdsf Bptcafl BLADT 31 Ts R 4 et OBy Vi D gt i -005
wt.% &nei0wt.fh bessHonitle: \gfnghl p§the dndd céreiel andeny Sompaiehts dissolved

Orsuéf}gﬁegme;@nor conpl exi ng agents al so can include, for
tri- yal cohol s et hy] ene

[0032& yC e Chﬁ‘?‘f:@)lc‘ﬁ?%’@%‘i‘l p%@fwafft% |°pt1<fnaﬁ¥1 fEthereupPrisesent he
antifdainke)agentd Taerhutefoamtgdgaitiegn bomyauitdde {mi-Gamingrpani a,

Sultalﬁ%lﬁﬁ’oﬁfﬁhg dgen ?sgﬁhaﬁdea lb?t%e ot hlﬁlgté% % oglfléon'-l%a@&fjand athélemc

am. ne ice
diol- 1@??& aaflfOﬁlalr@rager&ﬁpT%&m@l Spt-Loafimg aggaiuRnLH thewrolishing
compofitieLppitalbtie 40 pyaro (42 gpm. t he type of metal) being

[0033ZO| "F’J%%ﬂem by lﬁ’ééhamgﬁ dﬁgﬂﬁr%%kﬂ&ﬁg ttu;}l%hy ﬂﬁﬁ%% &)fmr#rﬂ?s .

enentl on exl t |n
biocideg eP@c;@ie cary)| en%ptyépltg)éq 1001 den for SR Ie AR §at|htazolg]on@ higcide.
The alnolqﬁt)o,f bivnida ok, in die mSlﬁngomﬁpbahors@btcallﬁé 1 te3apphe,
r | ude citric acid, as well as nono-, di-,
prefer%lg I@ttg% t's thereof. 0029] The chem cal - rrechanl cal
[0034}0 |Eﬁ|fﬁI§OV§y& pxamriosruhey 1 VSR DaitvaRIQ ik of paREsq Fragid not
be cohd@ed dmatpivayrigitaniicatoppol | shing system can af f ect
the redox potentials of both the reducing agent and
the nmetal in an oxidized form Accordingly, the pH of
t he cheni cal nechani calEX¥YPLhilng system can be

[00353 €l enﬁ:eékam@lelmzﬁomtmstﬂlmeendarfcéce;sarmﬁg Bad veemetahia ah edidized

form Qﬁutlb%%i lbg Ithe et{lﬂfofrtﬁetdﬂ%n?gn aﬁﬁlnltar sglrﬂgragg%oﬁlﬁlgg ﬁ% 1r1d1ubm oxide

(IrOz)i Wigse BYlished w@ ereY HEfeipnche r@lgfaldnefﬂih@cq‘l @ah&Imwyﬁém@veen
(Pohshimg NGNS mgl&g«mmarm 1F1rwldrra) aPolisnm@rSyaxm@I 1 A€ld5 20K M

contaH%(g 5 w% %_? Ttgmna gl'l)rrr]ag 9e coﬁ%ﬁ?lgg é}axtux% f 66‘?0' angul%}/n%tagmo%

fumed ﬁem@aan wnta@ﬁ e@H ogj@nrl%wwffw aﬂdﬂw@étha ppofdhe pplighing
systelln ess, a(1@ water. ﬁol@hmh 8ystem 3 AqEorhiR$Sivendid Aotonta@Ssteducing
agent gglls%% ||§?§'St]@mhl% ¢ nv%nhon‘:)l fon@ge%%b%ﬁ ma%:ig %\n wglé%}gﬁ#ﬁdp acﬂ
(H:P@sh b@sné og Heraight oﬁﬁl@ rhlawﬂ@a'rlerwri |t1sqﬂ0ﬁ"g>os<§r%9c iFOEAR Obe
suspea&éal tl@éfﬁﬂ E&l%ﬁfg S’j@tbﬁht 1@ ?ﬂ/@ﬂtk@)ﬁ) adtiyaifsadi dppidk BnIER N Svt.2VDT €
hypo@ 103% a%d ﬁ@éfﬁ% ?n ik ﬁﬁtoor}?]?esll (1111(9 D §E0nd %h(r)tr h :r
composwisi digselveshon suereaded. thari. BHIS&@E&ﬁt@m lglaﬁm%étlfawomamed
appro§hﬁatté¥§’ I &, %’hs@gﬂbufdclcﬂﬂlséﬂwmwﬁghﬂ%@Eheq?q@mmaﬂler bhethpH
e 0 DA e e g
approtsiufately | e Yafpemic agirbaes aarilye weight ol the liguidrcarricn gndige nt
compBﬁHhtsQP@G]W:cﬁ@r NEREMELESIn. Polishing System 1F (invention) contained



acetates, borates, amoniumsalts, and the |ike. The
chem cal - mechani cal polishing system can conprise any
weubtsaesw2anount of a pH adjustor and/or a pH Barfuseiosgooi4o
agent, provided such amounip is sufficient to achieve
and/ or maintain the pH of the polishing systemwthin
the ranges set forth herein.[0031] The
appr@h@rﬁtecba? wirdcitvaegadel (i-pol .2 SHiihyglrepybemme) pased na kieyweight of the

hqufdwhirféﬁ5nd1ﬁ@&fnh1§ﬁ§nt§d1§wl\fe@%I ﬁﬁbend&'th%f"ém Q’oﬁbﬁuflgf‘ﬂs?éﬂ{ G
1 oNniC

(v e} PRl ot BB TR oo e &6 B oo
weight; pf the Hewrid sarried autl tireesomphiesnésatissolyadion swepehilddetherein. The values

for tﬁ’é ﬁfdﬁﬁxﬁ@h&e retrd@al 9&5 (i féhglﬂoﬁ)! %5%% Ede $RAsRe N BPERA b the
pohs Cact an{lo SQ}E e alﬂ%%f (itq e noni oni c
REPSHY s ahEY %ﬂ‘é‘ﬂ?aa‘ﬁf’ Ylxyet hyl ene

surfactant. The anount of surfactant typically is

Tabl@- IOQ@&UMEOX%G’QH(;V&N&%OO (pr ef erably 0.001 wt.%to O. 1
W. % Orﬂ) 9]0)¢) T to O

Ir

Opolishifig!SyStend Calfri er apgk é;lqrrponents §h-ReprayakRefe

suspenged t herein. [0032] l%egchem cal - mecha@di/mid)

pol i ShllA'lg system opt| onal Iy furt her dronprl sesl

antTfoamng—agent——Theanti=foamng—agent—can—be—any-

sui tatdiBe ant i -f oani ng’hegKrous 46id abl & ant | f oatilig

agent sid ncl ude, but Hasphopholobdthtigd o, silicprgbased

and a I'eni ¢ diol -baged .antifoam ng agents

urm'd‘ﬂ::l%}u?/ an{_} __r(}am _|plg‘§‘mu Rs‘ﬂ]}dacanf J| ngf h_n rz‘%b’gghl nL

conposlift i on typi ( ally |F©rm1©13g§pi”n to 140 ppm [92]83] The
chem cgd - nechani cal poI syst em optl onal

i p gml s

further; conprises Tde can bean
M@* Ii‘xs&m&ﬁf%fl :E‘H’chnbhl azol i nbHb a

bi oci de. The ampunt of biocide used in the pol i shi ng

[003@8“’%&5&:' Qe ifé?ﬁcﬁ@i %té/ laBthd n‘feﬁxoé Qf &Ig %Vegfo%fe%fu‘%m b4 hi%g to

ow ng
remqva| Ia@tf%& leetﬁhl& ap ﬁ%‘éﬁ?ﬁi BATISE fomw Gursyeiler @sBiord do which g
polishingsystere do@siot congprige waddutihgrigent gniphsicslan fhe.mdboaVRtizidg

Pohsihg%gk el-ll-lg hB- 1@@&@? g)ﬂllﬁ?&%ﬁ ?111&1@1{1 %§1d(3 ?egn Q@GQ&Q was at least

po ize
100% greey tha ﬂ’syeqlw@ it Mg B ar o Wil b RolisBingisy sigm that did
not coHIpsiter Aeesc it (bé. n@lishlhgl Susero X Aglelnddad Ghy methos utilizing

i [

Pohs}g@n sﬁ/ﬁ%s Y8 ch91(§ B¢ Zﬁgxﬁ thz{n IP@ ﬁ{‘%ﬁ%&%}i 55?%@9@%%%
apprppgmaqe}y 90§%Cgrq:e®r thanghg gemoH@1 r§9 § ‘@xﬁgnej_lpd llgllgg&ﬁohshmg System
1A. contained 3 wt.% of an alum na abrasive conprising a

m xture of 60% a-al um na and 40% funed al um na, an

amount of KOH or nitric acid sufficient to adjust the

pH of the polishing syEXAMRIF B, and water. Polishing
[003By St eThid dxafpRieR0Adiiaks thethnBanked pdliBhig tafe 6F aBethIGh a@

n
ox1di%9<? ﬂ)trm eﬁ?l)ﬁcftlmﬂﬂm%@}g& ﬁ? tluB hn(/Exp[ 0! tS 119 2;1} Elﬁsg% (an rlslémg on
1r1d1‘tfh exr%(lgmza wefe nokghed |ué|lag aoue érf&reélif clmﬁucaﬂ-ﬁ@cl@@wpmpélﬁmgg
systefisYBallskiag SQstems 2A, 2B, 2C, and 2D). Polishing Systems 2B-2D each contained
1 wt.% ascorbic acid based on the weight of the liquid carrier and the components dissolved

or suspended therein, an amount of KOH or nitric acid sufficient to adjust the pH of the
polishing system to 3, and water. Polishing System 2A (comparative) contained
approximately 3 wt.% of an abrasive comprising a mixture of 60% a-alumina and 40%



suspended therein. Polishing System 1C (i nventi on)
contai ned approximately 1 wt.% hypophosphorous acid
WO RERORYS7hased on the weight of the |iquid carPCeUS208/000140

t he conponents di ssol ved of3 suspended t herein.
Pol i shing System I D (invention) contained
;Fpr oximately 1 wt.% ascorbic acid based on the weight

fumeyf alurhima) bug didcdhog eentaie pscarbit ackle Pobshieg®sistem 2B Esvintier or

contE P PRGBSI oPRkilishARGiIveY PERIMIGES yele RVAN ih R ion)

cont ai ned ro el Y% formc . hased
o8l et i ARE ORI & et b i P lshiBe SEriee 20
(invefitiosldontaihed approsipeitadied wt.terfen abrastod ¢aiyirisg Sysixeme 6f60% o-
alunfihMRIM0D P8 Atnfhd) SORRBREX o B Slidtunk ode YerhWa PRR (EP'

i.e., 1, 2 3-trihydroxybenze based on the weight of
onpirS g te I B U o ST LT GRS GoSaigia Thr resels
are wingpeiaetbid Tiahker?ei n.  Pol i shing System I G (i nvention)

cont ai ned approxi mately 1wt.% hydroqui none sul fonic
I d.hased. on the ight of the liquid carrier and the
Table 2 THOSGITE88YA BfSor suspended therein. The val ues
.ar. the iridiumoxide renoval {rate (in anggt ridiugedxide
POIH U e

“MBasur edy 9L each of ARARItHY)| | g hi
Systenpos| t i okgent The| r esu tslvare SAbraRIve fetdd) ngﬁnovai.Rate

Table 1: lridiumoxide renovall rates |lrCh Remv &M

Pal i shj ng Syst em RetlucidngmAgent (A/ndn) A" 122 1B
Phosphpbrous Acid LZ%&guMophosphorous Agid 1259 ID

Ao e A Ani oA NHHoH A 1 ar A 029 1 -
ASLCUTTOTC ACT U ZZZ r=Tornrc ALlTruI9Zo 1T T

288 | G Avebidcisone subifiemic dcid 638 [0038]

rnesul t éAg@gf_amsabrdai eFundtaldaii@ et hod of t he |i nvenygan

| ::iimzezxs?a%p{r?\ rngir dr?i‘\é%:dgg‘aq@thga ;O;i ?ri I EaFrEIt Itogni n 24 ch

t he pol i shi ng syst emddoalymiyet |conpri se a rdduci ng

) (D

agent. In particular, the methods utilizing Polishing
st 1B- 1G.each exhi bited an i.ridi um.oxiYg .renoyal

0038h o TR oS SGRoTgE ok e hegpaat e TRIN HOTS AdE
removat @iedbr @msiahin saroxivize utmiss ichmparedjtoa spoilarginiting! is yddabrihe
polidhiftsydid dBQ ndk Q&H%Sﬁséﬁ r&ubRE HEdnD In3AR RN ak, iheEmethods utilizing

1,Pol I%EI n 2§y e Q)B.b. I nde@efg, the nmet h%iis ugl |1 zi n%
Polighing ﬁewg ot 83 eplbitgdpn i oxidg remeyial P et wasiahetn
1200x grteter i thelrematagratchefta swaitar appfodxtilizingh poldBiRosysten ther
did ﬁF())g lé'cshlé{ﬁg &R Ir%gé@tiee.,%lﬁhk}% SPRicROgh U trinkdeZb @ further

I shi .

demonstratsé that %e 1g€c’ntity otj tﬁa abrasive contained in the chemical-mechanical polishing
system can impact the polishing rate of the method. For example, a comparison of the
iridium oxide polishing rates exhibited by the methods utilizing Polishing Systems 2C and
2D reveals that a polishing system comprising a-alumina can be utilized to polish a similar
substrate at a higher rate than a polishing system only comprising fumed alumina.

[0039] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and



EXAMPLE 2 [0037] This exanpl e denonstrates the
enhanced polishing rate of a netal in an oxidized form
wexhisiesee by the nmethod of the invention. SinPCaMS2005/000140
substrates conprising iridijgumoxide (1rQ2) were
pol i shed using four different chem cal - mechani ca
pol i shing systens (Polishing Systens 2A, 2B, 2C, and
equivaiynts dPdlhe ssthjepligm@ies teitesd iR Bhexihima eppepdadthaietredt phrmitied/by
appl RAAO k. (M@@b\dzr tﬁﬁ§ Séhlgﬁatwﬁ%f Ylfé'agme-dégcrfb@@ elein@Mt ¢ all possible

vari o R B Bt R Iones Crtion TR A OF o

Otllela‘d§etpéftar15'hent}tﬂd10¢ﬂd hylventextt i shi ng systemto 3, and water.
Pol i shing System 2A (conparative) contained
approximately 3 wt.% of an abrasive conprising a
m xture of 60% a-al um na and 40% uned al um na, but did
not contain ascorbic acid. Polishing System 2B
(i nvention) contained approximately 8 w.% of a silica
abrasive. Polishing System 2C (invention) contai ned
approximately 8 w. % of a funed al um na abrasive, and
Pol i shing System 2D (i nvention) contai ned
approximately 3 wt.% of an abrasive conprising a
m xture of 60% a- al umi na and 40% funmed al um na. The
values for the iridiumoxide renoval rate (in
angstrons per mnute) were neasured for each of the
pol i shing conpositions. The results are sunmarized in
Table 2. Table 2: Iridiumoxide renoval rates Iridium
Oxi de Pol i shing Reduci ng Anobunt of Abrasive Renoval
Rat e System Agent Abrasive (Wt.% (A/mn) 2A " Funed
alumna 3 122 and a-alum na 2B Ascorbic acid Silica 8
1537 2C Ascorbic acid Funmed alum na 8 1695 2D Ascorbic
acid Funed alum na 3 2223 and a-al um na [0038] These
results denmonstrate that the nmethod of the invention
exhibits a high renoval rate for a netal in an
oxi di zed formas conpared to a simlar nmethod in which
t he polishing system does not conprise a reducing
agent. In particular, the methods utilizing Polishing
Systens 2B-2D each exhi bited an iridi um oxide renova
rate that was at | east 1200% greater than the renoval
rate of a simlar nethod utilizing a polishing system
t hat



di d not conprise a reducing agent (i.e., Polishing

System 2A). These results further denonstrate that the
wOdeostoes3y2 of t he abrasive contained in the PCT/US2005/000140

chem cal - nechani cal polishkng system can inpact the

polishing rate of the nethod. For exanple, a

conparison of the iridium oxide polishing rates

exhi bited by the met hod§SLMMSi zi ng Pol i shing Systens

2C and 2D reveal s that a polishing system conpri sing

a-al um an .be t oli.sh a sim/lar
suﬁs;J ra A?‘éw@Pd for WOE%@’P ar%gsém?erfgwpémﬁ%ﬁi@ﬁl HEpnsgddizsghform,
the ll%ﬂfhoﬂ cemnmmgthngtepwfed al um na. [0039] Preferred
'ﬂS@cWi(ﬁnQS stBﬂra?te b&ﬂﬁﬁiﬂg%%@él% 9@&8&1&&?@ LHerein,

| nventors for
c g(ﬁ ir yi Y 81%6?Hngtaﬂ°e’rt Oﬁ\r;’gﬂle Sﬁl?f’t’ a"%i‘f"i?‘ét‘ihﬁﬁ@lome‘il}%’%l polishing
systepy coferisiag: errbodl ments may becone apparent to those of

ordinary skighl i é‘pélﬁﬁing%mwﬁgﬂ sEl@&%ﬂ?xl‘ntedébe%{E% &}%ngtﬂ% of

descri ptl@ l‘ ven grs exg rti san
enpl oy “8d ﬁSIY/%lalpﬁ $ <ANg 35PB Ptﬁﬁné 15 t he
i nvent or s i fit)enda feducitgrentrvlected romttioe greulpmhcf(stii@eﬂ

Accor Ot S RaRa S Rl %“nqg'ﬁ%ﬁ@f& P grides, o
andequii T%aﬁ’i”ge %‘?r a‘feﬁefogﬂ‘?ﬁ‘%éﬁqe feeeidy @é‘}r PEsH, ol QQH@OneS
cl ai s hagrpeyigevie Hypethosperque acid, titildrdy bapphdscaiblagdl aw.
MOT €0V @fectrEHYsufRARE RAd, is@R t0dredt %d%thYlﬁee YK oe?orf i hgd

elements in all possible variations t

encorrpassed %& iU ‘iﬁ‘érh%aélﬁ unl ess ot herw se
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substgnt ext . CLAIMS 1. A nethod for polishing a substrate

conprising a nmetal in an oxidized form the nethod

conprising the steps of: (a) providing a substrate
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pol’i shing’ system conpri 3‘ shing conponent

sel ected fromthe gr oup COI’]SI sting of an abrasive, a
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tri hydroxybenzenes, ectrons, ‘'sul furous
acid, salts thereof and m xtures thereof, and (iii) a
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and ceyabipgtiongtheredf t he group consi stl ng of oxi des,
nitrides, borides, sulfides, and m xtures thereof.

6. The method of claim 5, wherein the metal in an oxidized form is iridium
oxide.

7. The method of claim 6, wherein the reducing agent is selected from the
group consisting of dimethylamine borane, formic acid, hydroquinone, hydroquinone



3. The nethod of claim?2, wherein the oxidized formis
an oxide, and the netal in an oxidized form has a

wounbesmdassae fornmula MkOy in which Mrepresents POe/uUsSE08/000140

and x and y represent intggers, where y is greater

than or equal to x. 4. The nmethod of claim2, wherein

the netal is tantalum 5. The nethod of claim 2,
sulford ¥4 hydrbkydarmit dlyposhosphoais ecidetigldregbautied, falto therdes, and

onsi sting of platinum indium ruthenium

numngﬁagfug1 pal | adium silver, osm um gold, and

conbi nations thereof. 6. The nmet hod of claimb5,
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t hereof, and m xtures thereof. 8, The d of claim
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alumifL Pk c&Bbin@Mbnakdrésgl ve suspended in the liquid carrier,
and the abrasive conprises a metal oxide sel ected from
the group consisting of alumna, silica, ceria,
zilp.c onThe methed af elaimge Fhgisinghe dEasHGRBATS GeRIBpL2-
thereof, and conbinations thereof. 9. The nmethod of
cl.aim wher ei the silica, funed
aﬂ@nini?e@F%8&8§3‘“hatlon %ggégrpﬁ?%ﬁﬁ%he net hod of
claim8, wherein the abrasive conprises a-alumna. 11.
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and cpinbinatimsthergaf.di um rut heni um rhodi um pal | adi um
silver, osmum gold, and conbinations thereof. 13.
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or a conb| nati ereof. 15. The nethod of claim 13,
alumigaedrd) RMPHEN Y Q?P e conprises a-alumina. 16. The

met hod of claim1, wherein the chem cal - nechani ca
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the liquid carrier.

16.  The method of claim 1, wherein the chemical-mechanical polishing system

comprises an abrasive suspended in the liquid carrier.

17.  The method of claim 16, wherein the abrasive comprises a metal oxide
selected from the group consisting of alumina, silica, ceria, zirconia, titania, germania, co-

formed products thereof, and combinations thereof.



17. The nmethod of claim 16, wherein the abrasive
conprises a netal oxide selected fromthe group
woanmsissiTag of alumina, silica, ceria, zirconi 8T/US2005/000140
titania, germania, coformgg products thereof, and
conbi nati ons thereof.18. The nmethod of claim 17,
wherein the abrasive conprises silica, funed al um na,
orl& colifisinredtaded clame 1 gofherelibthe Tbresiveddnagtisef sititaifumdd,
alumme&emlﬁbhﬁnabfh@ébye conprises a-alunina. 20. The
mef hod of claim 1, wherein the reducing agent is
sel ected fromthe group consisting of dinethylam ne
bot%ne, The aretliod odiciath 1 hyhemduihe ebresivdwyostimiyes aanenina.
suI fonic acid, hydr oxyl am ne, hypophosphorous acid,

hyd yben salts thereof, and m xtures
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Ier and any conponents
‘ant‘é,rG%ﬁ‘@]r‘?B d therein. 22. The nethod of claim 1, wherein
t he chemi cal - mechani cal polishing system conprises an
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conprises a conplexing agent. 25. The nethod of claim

1, wherein the chem cal -mechanij cal polishing system
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compfseCdnadbrasive adie @bmsivde figbemiagrlishiiBehani cal pol i shing
system further conprises a surfactant. 27. A nethod

for polishing a substrate conprising a netal in an
0x33di z dde msthed of hlélﬂirbtvﬁt%?ll@:@gswlélcﬁf@et pemprisspyalst: (a)

providing a substrate conprising a netal |n an
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substrate w i caefrel ani cal
furtherepiprisdsagomplexing agasiti shi ng conponent sel ected from
t he group conS|st|ng of an abrasive, a pollshlng pad,
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27. A method for polishing a substrate comprising a metal in an oxidized form,
the method comprising the steps of:
(a) providing a substrate comprising a metal in an oxidized form,
(b)  contacting a portion of the substrate with a chemical-mechanical polishing
system comprising:
8] a polishing component selected from the group consisting of
an abrasive, a polishing pad, and a combination thereof,
(ii) 0.1 to 1 wt.% of a reducing agent based on the weight of the
liquid carrier and any components dissolved or suspended therein, the



hydr oqui nones, hydroxyl am ne, hypophosphorous aci d,

tri hydroxybenzenes, solvated el ectrons, sulfurous
weaehw/o6sakt s t hereof, and m xtures thereof, an#Cfiuszgosa00140

liquid carrier, and (c) ahgading at |east a portion of

the netal in an oxidized formto polish the substrate.

28. The nethod of claim 27, wherein the chem cal -

mechaniredicingakers hking sdgettderoncibagroup eendistingtad 0.5 wt . %
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conpri sing tal, 1.n an oxidized form ( contacti ng

a portion oflil he? SGiHd £34¢'e®i t h a chemi cal - mechani cal

pak) shiahgdmgst Basteeoyion sf thg mefal jn aa ozadizehiong te pelja nignt
substsfd ected fromthe group consisting of an abrasive, a

pol i shing pad, and a conbination thereof, (ii) a

reduci ng agent selected fromthe group consisting of
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Comprﬁ‘?ﬁﬂi% lflqoé‘i?fiﬁésusﬁ % §B’nor ous acid, a netal or netal
ions in an oxidation state having a standard redox
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potenti I'n an ox
the mfh%y@ma&v%ﬁbféﬁé%o sol vated el ect rons, sul furous
aqbd, $adviding herbewdte camndishieX it $n ztrhekﬂi:vfed fang (iii) a
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hydroxylamine, hypophosphorous acid, a metal or metal ions in an oxidation

state having a standard redox potential that is less than the standard redox
potential of the metal in an oxidized form, trihyydroxybenzenes, solvated
electrons, sulfurous acid, salts thereof, and mixtures thereof, and
(iii)  aliquid carrier,
wherein the polishing system does not comprise an oxidizing agent,
and
(©) abrading at least a portion of the metal in an oxidized form to polish the

substrate.

30. A method for polishing a substrate comprising a metal in an oxidized form,
the method comprising the steps of:
(2) providing a substrate comprising a metal in an oxidized form,



an abrasive, a polishing pad, and a conbi nati on
t hereof, wherein the polishing conponent does not
woaopgricge2za m xture of a-alum na and funed al uRCTAIS2005/000140
(ii) a reducing agent selegfed fromthe group
consi sting of 3-hydroxy-4-pyrones, a-hydroxy-
g- but yrol act ones, borane, borohydrides, dialkylam ne
bofbane sonthgingsl phefiondd thed mibstrate with d chényidalageshanical polishing
Systé;llygﬁ]%gjngpnes, hydr oxyl am ne, hypophosphorous aci d,

phosphorous acid, a.nmetal or netal iopns in an o
oxi dati on s(lgt e hE fsgglga?og’&’ﬁ?ﬂ’é?ede‘%t“é]ofé‘%n H5tEPHN omsistingsof
i s | essintbasive, mepodisiampipadd andedeomipadtion theatof ok hdrkia tiet al
in an i e
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el ect ro?s,, sul flur ous acl ereo m Xt ures
thereof™4AH (iii) a liquid carrier, and (c) abrading
at | east a forti aredofing hgenmetiaiied frorathe@xogd cwasistimroh t o

pol i sh sthRrYSEhBieS; a-hydroxy-y-butyrolactones, borane, borohydrides,
dialkylamine boranes, formaldehyde, formic acid, hydrogen, hydroquinones,
hydroxylamine, hypophosphorous acid, phosphorous acid, a metal or metal
ions in an oxidation state having a standard redox potential that is less than
the standard redox potential of the metal in an oxidized form,
trihydroxybenzenes, solvated electrons, sulfurous acid, salts thereof, and
mixtures thereof, and
(i)  aliquid carrier, and
©) abrading at least a portion of the metal in an oxidized form to polish the

substrate.



