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[0005] Various metals and metal alloys have been used to form electrical connections
between devices, including titanium, titanium nitride, aluminum-copper, aluminum-silicon,
copper, tungsten, platinum, platinum-tungsten, platinum-tin, ruthenium, and combinations
thereof. Noble metals present a particular challenge in that they are mechanically hard and
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pol i shi ng syst em Preferred stopping conpounds include
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such as
and di-carboxylic acids and salts
wo b@seosse(e.g., malic acid, nalates, tartaric BCT/US2004/017601
tartrates, gluconic acid, and gluconates), tri- and
pol ycarboxylic acids and salts with secondary or
tertiary hydroxyl groups ifpan al pha position relative

to a carbhoxyl.ic grou e.qg., . citric acid and
Tabjq }:r Bethenium dHissoly %ﬁ%é@ogwh&{reﬁ; fe 3

wi t h hydoxyl groups in an al pha position,
strai ght chain nono-

honzon

Poligleing:Comppsiiig |diQxiAaE HEFYFnY dRBAY Bt cif g‘ﬁ@ﬁ%’i Rpte

penee
salts. phthallic acid and ag¢id sai /8,

v+ ocat-ecol

cid, ahb

irt her

pyrogal | ol , gal |icNaes d, gall at es,lz-PaEni C 4
t(eomprray) [ 0032] The folld

illu$Brate th
cqhstutioayl as
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EXANMPLE 1
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oXimgk@ion) age

X anmpl BKCdsnonst
nts on the pol

rates tlhé effect
i shi ng of ruthern

of 0.5
iumin the

cont gut of a poli skBsy systlem [0038] The di ssol dilibon

anghve@onpsi on| rates of rutheni um were eval yated

el'ectrochem cal Ty using a rutheniumrotating disk
[0038] eCt Thse resRBREImonsttateshas relstivedichigl nehlg metpldipsoPbien &aiFstgn

|skdeQRSmEROL b RYeRAPOSi tions 1A-1D). The

be a%g{éﬁﬁsur%qelrgct rode was rotating at 500 rpm and held

in contact with an abr aBXXMPAER with a down force of

kPa, . ' i . it C
oEhabrrdt sERidEihORoehBlo tN@Solishing of

.[O'O_%Ba! UZP1éé§%n§ﬁ% %eén?}gﬁ ace of the e ec??gode was abraded
iridfuam bt eantexhok aRABSNARSSSM er  abr asi on (corrosi on _
[0088]t €) Thd Biesolutioh amd eutrosioh ratést of indism messevebidied glegirochemically

.current densi ' e polishin:
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conppstigay (Polishing Cqrappsitions23 Byt TheEdy ql%“ﬂf’ﬂg‘gw 8 TOWAHTE &
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at ained _an_oxi t ed{dissolution
el B S y R LR kB RS Rlop SRR ahianet
ratq)iagd aftarabmsion (reredet B onne #

brasionsarieR t5i9)oRhe e 4V

ly 1. The
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der¥BREMT @6h febdlog@edingS a dib@lutior ritead compsitraratec(@ Afwin) wfiieng

F sgst ns. The results are summari zed in Table 1. Tabl e
AR Heni um Di ssol uti on_and Corrosj ﬁn t es .Pol %LS i ng
[0038hp o Fath ofithapglighing pepRsiiens (ot BAshing(OHPRSITR®
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apé'gzgl B’%ﬁ%tnﬁ odﬁ sélu ork%}dd?ngéglg {?E% g&tlhﬁﬁﬂ)n were KEh&Rdlibr dach of

the chemical-mechanical polishing systems. The results are summarized in Table 2.



(i nvention) [0036] These results denonstrate that
relatively high noble neta

waehisevsdl usi ng the net hod of the invention

di ssolution ra

tes can be
BEX@ivVPR1602017601

[0037] This exanpl e denonstrates the effect of

oxi di zi ng agents on the polishing of iridiumin the
context of a polishing sys{gm [0038] The dissolution
and corrosion rates of iridiumwere evaluated
Taté? %-Cfridé%ms m’qlanlq (RSN ; eF‘Il um-r nf a i rh c-l
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be diephd g
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polishing|conpssitiin soniained Amds ocHisa pred heds; @L@&PB@KH@‘@ hé-
2ddTESD 98EnQf tepe1iinmeeddhip8sitiodsXEpitE oBshing Composition 3A) contalned

an oxidizing agent. The identity and concentration of the oxidizing agent in each of

Polishing Compositions 3B-3F are set forth in Table 3.

[0043]

The iridium removal rates (RR) and within-wafer-non-uniformity (WIWNU)

were determined for each of the chemical-mechanical polishing systems, and the results are

summarized in Table 3.

Table 3: Iridium Removal Rates and WIWNU Measurements

Polishing Oxidizing | Amount of Oxidizer IrRR WIWNU
Composition Agent (wt.%) (A/min) (%)
A 1one -- 5 38
(comparative)
3B H,0, 0.6 4 20
(comparative)
3C NMaClOy 2.2 112 21
(invention)
3D KIO4 0.04 148 11.1
(invention)
3E KB1O; 3 316 8.5
(invention)
3F KIO; 3.8 510 24
(invention)




[0041] This exanpl e conpares the effect of oxidizing
agents in a polishing systemon the polishing of an

WO poodioossscont ai ni ng substrate. [0042] Simlar PCT/US2004/017601
substrates conprising iridium silicon oxide, and
silicon nitride were polished with different polishing
conpositions (Polishing qu@ositions 3A—3F) Each

i shin co osition co %, S|
[00@14]p H ghesgﬁaﬁlll g%%e}?ﬁflﬁaf Eatr%l? g%c} (l)t] tﬁ%mveenglgﬁ c%uf &i lﬁsgg tohfo(ijlsh
2 nghi-inehal cptatinpebitritons rEleticipligPeitd. IhipAgiCTsrHGST e spbstrate
is pglg)r?gg %{Eﬁ)gftn?:éqg t@h%%@%&?%ﬁ?v&%@ﬂ ttheefgﬁl%vél(iﬁﬁ bf thy nablé metal is
apPERTINSREY Y t%ﬁ%&?stwﬁ‘g o R O’Hd‘%f‘ébﬁem?
usefl 0 W48ethbéof theimumtmmsbuml a simtlggnqreaRy ozm@, pohshlng method using
hyc#% O%eg g@roﬁ‘ﬂg ?g fhﬁ ATl ol %gﬁ'ﬂ_ tr¥e &gﬁ}‘%‘l? thﬁ\/g’lfvi@gtﬁlfhar@é’ugb gﬁad
subsfantial HesTeassin ‘Y‘Q“%\ Wéfe§ St of’é‘?}y AHC gl gas ’F%})af e gl%%smg
no bﬁdizm@agkmomatheﬁaﬁre,sh@mdthw whbE Myasionawing Peolishing Gompagitions
SD%& gft‘: élk&»gszWa?%d cf%t:r)eﬁé bvﬁﬁﬁw. \J/affaaloWu\ﬂH&nGWW@Sh bd)lﬂ;ﬁmg

| one - 8 (conparative)
I“E@hiflr%eﬂp.?@x %} ?Zefb%)ag?}é I\IaCI 04 2.2 112 21
(|nvent|on) 3D KIO4 0.04 148 11.1 (invention) 3E KBr(C3
3 316 8.5 (invention) 3F KIG3 3.8 510 24
(i nvention)[0044] These results denonstrate that the
met hod of the invention can be used to polish a
nobl e-netal contai ning substrate at a relatively high
rate. In particular, when the substrate is polished
according to the nmethod of the invention, the renoval
rate of the noble netal is approximtely 20 to 100
times greater than the renoval rate when no oxidizing
agent is used. The nethod of the invention shows a
simlar increase over a polishing nethod using
hydr ogen peroxi de as the oxidizing agent. The net hod
of the invention results in a substantial decrease in
W t hi n-waf er-non-uniformty as conpared to a sim|lar
nmet hod usi ng no oxidi zi ng agent. Furthernore, the
nmet hod of the invention using Polishing Conpositions



3D and 3E showed a narked decrease in

W t hi n-waf er-non-uni formty over a polishing nethod
Wa@0080035¢tr ogen peroxi de as the oxidi zi ng agenPCZUALNB017601

1. A nethod of polishing a substrate conprising: (i)

contacting a substrate conprising a noble netal |ayer

W th a chem cal - nechani cal ol i shing system

conprising: (a) a polishing conponent selected from
CLAIWESPgr oup consisting of an abrasive, a polishing pad,

or 1a COoAhndiadd afpolishimgeodubstialy) comaprising:di zi ng agent

sel ect efl 11 O 0 Q8RO HhRA nBblc RIoAIRYBSwith a

, ro

bromte hypa it es, géﬁ orates, chlorites,

hy sbemirarmectanioyh Bplishing SuTeEs COMPHLE%s, hypoi odites,
peri odat es, (apr oxymtiehihgcaniodent selgaetbierh the gyxyp consistng of
corrpounglg a]?r?%%ﬁt’ %p&lﬁ‘ﬁ n%g{ad, Oaﬁgoﬁgmo%ﬁér&ﬁ,s t her eof

and (c) carrij; erein %he : ting of

cheni cal - mec®ni R oxpngIgeRgelered FRPHILeguR ErusEiRE Oy

| ess, abfmwhe/Ebmitd)aymbiotiies, rhlosgesnehleies hieschioritduce

a subst E&%%l%ate@,@&’rﬂés ﬂ{poﬁldﬁ@??@rﬂda@@,bgﬁﬁy\acew&id, lokgano-
at least a _po t h

abradi n tion Q e nobl e tal. | gyer

to pol i Selotor campmghsats thereofad SETRBAIYF NEFRHAD ,

wherein the @)ganolduid eardety conpound is selected from

1e group CoRgl el Adcidd HBLIALRAUAAIIASRyHRm has a pH of 9 or
I'm de, r.onpacet

N- br omosucci n € om a e, . ¢
N- br onobesp2op WaersindhePHEZINE 3ginh g‘]’qs ppiraduse @ subsipiiplgmoun
tris(triofblememaaaloaat])andi odobenzene di acetate,

pent r af lé‘lﬁl)g ro 51%9&9% Qtzlg%? eh g&ﬁ&{ & tflé H¥ioaeSet 1.§§/e$ Yo polish the

i odosob eng, 1 odoXxybenzene, i odoxybenzoit acid,

salwbsttateer eof , and conbi nations thereof. 3. The nethod

of £l ai Mhd mettdareicRirh hevieheairine atgarebilanixg abmpainddhietrgted

system has .a.pH A I . . 3 . claim
fro@‘,tﬁ"v\ﬂg‘l’pe‘foﬁs? of %%‘18%%‘?%@?@‘%%#%3@%8 i {snﬁﬂ_ﬂleggyst em
bromscetengiff, Of-brpmoberizephenompiming.dodips HEEPIHE 1048 m 4,
MSY’@Iﬁﬁ(fﬁb%—be%atb?, 415&%@?1%?1& diﬁ@ﬁ%@ @bﬂﬁlﬂu@@iddﬁ%nn@e@g{t@g@a@taae),
. pH. o o, 4., 6. e, et ho .1 G ey :
iodggabgzens, Jode x s %%e,s18%oxgﬁ%ncz)g1f: g&flfegtag% ﬁ{lgﬁg éct eghllfﬂ)rl Ilci) m%}wh e
thegrofup consi sting of platinum iridium rhenium

rut fieni e bR $i¥airR ] Wil e chbhi¢airmedhanical poligdhgkystem
ni t}li_hg_?s t hereof , oxides thereof, and alloys thereof.

hasa p Mfffod of clai m 6, wherein the netal | ayer.
confr i s€Bhermuthainifighnim 3, wherein the chemical-mechanical polishing system

has a pH of 4 or less.

5. The method of claim 4, wherein the chemical-mechanical polishing system
has apH of 1 to 4.
0. The method of claim 1, wherein the metal layer comprises a noble metal

selected from the group consisting of platinum, iridium, rhenium, ruthenium, thodium,
palladium, silver, osmium, gold, nitrides thereof, oxides thereof, and alloys thereof.

7. The method of claim 6, wherein the metal layer comprises ruthenium.

8. The method of claim 7, wherein the chemical-mechanical polishing system
comprises 0.1 wt. % to 5 wt. % oxidizing agent based on the weight of the liquid carrier and
any components dissolved or suspended therein.

9. The method of claim 8, wherein the oxidizing agent is a bromate or an

iodate.



8. The nethod of claim7, wherein the

chem cal - mechani cal polishing systemconprises 0.1 w.
wOoR@sB03s61 % oxi di zi ng agent based on the wei ghtT/OB20080@17601

liquid carrier and any conponents dissolved or

suspended therein. 9. The nethod of claim8, wherein

the oxidizing agent is a hyomate or an iodate.10. The
met hod of claim9, wherein the che

Dol i ryedchelih et 45 SO eE R e
comﬁﬂih@s hii SbasiveGaspehdsd innd lighid calviensiditbe itgasivenie s aictad Rxide

ab1a%w%§%?ec¥ecel ﬁsog* & g%QE c&r%@tl{lggf SRR, ARANeh, MBordh, titania,

I rconi a tltanl a, gerrranl a,
germgnid, @@rﬂ@ﬁﬁﬁ@ﬂ@?ﬁéhw@r eof . 11. The nethod of claim 10,

wher ei nThehBeth®Rt ¢ clani 10 pwisdsia diewneetal oxisle labrasive BailicThe

”]Od Ble FoiR ({)ﬂtgclalmegvﬁérgmttﬁbecheﬁﬁ:m ﬁ@éhaﬁﬁ@l"b%‘ﬁblﬁﬁé system
po shi ng 5Ys

em conprii ses an ab { Si nd t he
compiiyea 81 ghasive, ppddbe a‘?%Sl‘éF ipHrsdiRiRg 1%‘&‘&% Pafs The net hod
of 1¢l ai mefinetmmeﬂmmtm @hereinahe hetyldnyer omppiisse gridivrai um
14, ,The I%Et gff cldi J‘nalIS ﬁ&%em \Méecﬁlgrh{&altlﬁgchamcal pohshlng system
ch%ﬁ1cér HEe S

an ca Orl I ng stem co r
compises 08 Wit % O5o%t Ui oxi gnw@wt B%‘Z‘é]&ﬁ%}‘{e’tg fj\kg?e@‘l’r'ﬂd %"fmf and
any E dnieﬁl’s"u{:iscﬁ@ddrdr@ﬁspa:médamemonponents di ssol ved or

end | {P%h &mgrein
OXI ﬁ\gez § <§ f c1%1m514 &H& i2h %éﬁ’“ ma%ﬁgiﬂ? of )
cI dﬁm 15he mh p@pﬁclmel%wa@élpe chemica Fl&%lramﬁa]mf’ g systent
conpYiSds G 6A5IE éu%ﬁ&mdédlm&bé Hcﬁmd/@nsar&?@?ﬂ aﬂriame t?s&rasmta]qmdg
carri.er br asj oxi.fe SHME
abr@@?é@?c&dag?%&ﬁ t%ﬁ%up I 8ﬂp%§8?1%| s:ﬁ? hg ot 2'(éa i ngfal Si | |aca
gxmmnmandmnmmmﬁmasﬂmﬁw%nla ger mani a, and conbi nati ons
t hqzeof Thd thethd8 8f aﬁﬁlhm;i wabreil the ietABoxideerbedsivetihie-almtisd.
oxi de abyasiye,.i
5. 8unorbs et o€ iRy ’t%nf%ﬁﬁa"ﬁfep“"%.“ﬁg BB e
mmqmmﬁmmgbsmanaa&ﬂas%VQweaﬂﬁwﬂﬁﬁi 18, gpﬁils fixed to a
pol4igshi AYe Bﬁfﬁod 19 claﬁhf:‘ WiRtdOfe Ofientibainmachanivsh polehing sytem

N o hi T an
congges L - T 5t Syt oG ST s B ERAUR b 86 B fla byr and

ased on t
anytcbﬁlpbmemsl dissolred peusgEndedghsreisbonponent s di ssol ve d 0 r

spend g‘ﬁ e Wt@loRioR cla®P1, Wi ﬁ%nﬂﬁﬁa beidizfg apbatiisra Bromakeer ei n
Z

the OXI In of
1 gt P Lt i CRgif aebhs BRURE 1 )

Th e22mst ithel nosthodl ceickaint 1, wmem@thn Otiﬁélllt%@gémzlﬁ A geIRgatt . s

h pey i o:jﬁlte Gnettfod:of -gPﬁn ﬁr{a\’ifﬁéﬁgn ok cﬁér?lbﬁﬂlﬁechﬁ\lﬁi@ﬂ @bl’ibhiﬂg&ystem

chem cal - nechani ca oll.snin SLE es an
corppsisasan Abrasi rndithe SRS WShY gd% %"’nmq“e“gdrp“‘%‘is‘he l'i quid

carz4. er .Th24netFileofwipirh 88, vaferen e mlgg CoTFREPETIISEhEater.

l : g d Gﬁlre 11'1@%150«.10&@%51115?%%@&@@1@ aBasivd e meilhotlcabasive
selé}@?d&?p@@le groeurﬁeclogsmtmo o?allr.u%lsr{avselhcagscearia,nzellgcgylfll.a o%blﬂ? germania, and

combinations thereof,

26. The method of claim 25, wherein the metal oxide abrasive is silica.

27 The method of claim 1, wherein the liquid carrier comprises water.

78.  The method of claim 1, wherein the chemical-mechanical polishing system
comprises an abrasive, and the abrasive is fixed to a polishing pad.

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

further comprises a complexing agent.



sel ected fromthe group consisting of alumna, silica
ceria, zirconia, titania, germania, and conbi nations ’

Wo b@seeissl 26. The nmet hod of clai m 25, wherein POPURBN&ED17601
oxi de abrasive is silica. 27. The nmethod of claim1
wherein the liquid carrier conprises water. 28. The
met hod of claim 1, whereinsthe chem cal - mechani cal

pol i shi ng system

bbBts v@%.xgeytmm?a?%‘i;&yi%%@m Fer i esettiis g yger
ﬁlrtliéfccﬁﬁ;&iseﬁ alpH bhffsriigngéie chemi cal - mechani cal pol i shi ng

sy?#’ q ol’clarrh qﬁgd &%’fg?ﬁllls%ﬁergm‘ﬁ%@%ﬁﬁapﬂe@ﬁﬁﬁﬁl pdlshidd&stem

Whér chem cal - nechani ca
furﬂrpobqrsmsﬁfgawgiﬁ@ﬁﬂurther conprises a pH buffering
agent . &lnetlﬁal&)f@seﬁdhﬁ@ aafibstiatei comprisingier ei n t he

cSur{ 2] antconRbh RS AprBEh S, Mokl 250 B TR L Ae

a surfactant® i shing. a substrate
c otayei witlhg chepriyal srsshaice] l?féls%in%% %ﬁ“@’q’églﬁprl sing a
nobl e et al qﬁ)ayera plishigg caponeht beigated fimn Fheggroup consisting of

chem cal - ani ¢
ol 1 sh, TG g pAE LB IﬁMﬁm“’*&f‘%L' ®consi &1 1
of an abrasithe, ®nesidizng afs@ntﬁslactgiﬁog f@ ‘é‘i“? Sk of"

t her eof bro&mes&ﬁomnegh@omrrﬁ@e rhlogtdsedtenies, hpppchlegtes,

group co t
i o at BESHieG iofics MRS, peoas ?Efg??émﬁf?*g@ﬁ"'

i odat eshalhwmp@umwés, S?ﬂé thesephtand combinatiaps > aci d
g(r)%gllnoh ;’:\I 0- @)Y Ong{gdﬁf ( mpsmidt\shmﬂwmppmﬁses thedemoval rate of
nat,i ons ereq c) a stopping conpound which
suppr es e ?Oﬁlgq?ygﬁt%val rate of the second |ayer, and
(d) a |iquid(®ar r4bquid ¢@detei n t he chemi cal - mechani cal
pol i shing Sy%amnhﬁ&c@nﬁﬂm—m%clﬁmm fotistsng sysembtae p@iof 9 or

the oxi 'Sﬁ'élg {%g{ th?]g i 1z1n tagéﬁri gge%%g ﬁo@ﬂ:@ tsﬁﬁkttdnﬁhl amount

armount | ng at
| east aopﬁellemlemnlh@iog@m@n@obl e netal |ayer to polish the

subst ralfy) 33bradil |[‘1§ aﬂ@ésb@ﬁorﬁén 6f thé mobd2metahleyeitmpdlisk the
st oppi ng ‘conpoundis a cationically charged nitrogen

con8ff%g conmpound sel ected fromthe group.consi.st.i
of Bm nekhe nietiada claim2 edhereimihg siepripg FemRauad H?e%%‘?“’an@

cha’ 4 i %%H E&Raihing E@rﬂﬁoun@ Qelec-féllefrdﬂi‘ ti@goupfcondigtingoB dmines,

lm’@%a@%fa*gfdgfs’fpﬁ%ﬂg lufes it ed from the

pol 3det hyltemethadf claim 33, wherem the stopplng compound is selected from the
group consisting of a polyetheramine, polyethylenimine,
N-4-amino(N, '-bis-[3-aminopropyl]ethylenediamine),
4,7,10-trioxatridecane-1,13-diamine, 3,3- dimethyl-4,4-diaminodicyclohexylmethane,
2-phenylethylamine, N,1M-dimethyldiprop; ylenetriamine, 3-[2-methoxyethox y]propylamine,
dimethylaminopropylamine, 1,4-bis(3-aminopropyl)piperazine, and mixtures thereof.
35.  The method of claim 33, wherein the stopping compound is selected from the

group consisting of of isophoronediamine, hexamethylenediamine,
cyclohexyl-1,3-propanediamine, thiomicamine, (aminopropyl)-1,3-propanediamine,
tetraethylenepentamine, tetramethylbutanediamine, propylamine, diaminopropanol,
aminobutanol, (2-aminoethoxy)ethanol, and mixtures thereof.

36.  The method of claim 32, wherein the stopping compound is an amine-

containing polymer.



N-4-am no(N, N - bi s-[ 3-am nopropyl ] et hyl enedi am ne),
4,7,10-trioxatridecane-I|, 13-di am ne,

W@ 2@5a0388t hyl - 4, 4- di am nodi cycl ohexyl net hane PCT/US2004/017601
2- phenyl et hyl am ne,
INﬂN¥dinethyldipropylenetrianine.3,-[2-netho:LyeIhoxy]
propyl am ne, dinethylaninq@ropylanine
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