COVPCSI TI ONS AND METHODS FOR CVP OF SEM CONDUCTOR

MATERI ALS FI ELD OF THE | NVENTI ON [ 0001] Thi s invention
wo edoaeri2t o pol i shing conpositions and net hodsP€DUS2007/018980

pol i shing a substrate using the sanme. More

particularly, this invention relates to

chem cal - mechani cal polishing conpositions suitable

for polishing sem conductor surfaces. BACKGROUND OF

THE |1 NVENTI ON [ 0002] Conpositions and net hods for

chem cal - mechani cal polishing (CW) of the surface of

a substrate are well-known i;n the art. Polishing
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nmet al - cont ai ni ng syrfac ' tor substrates

(e.g., integrat ed%g‘zf“@u(sfgglf‘ ;@%&ﬁq&ﬂgont ain an ]
[0001] 2DITR% MPenticH feRitss t9Gdlikhing cEMPBSIUBAS andimettode for podishing a

[0003]. In general, C i.nvol ves the concurrent, )
substrat@]q@ﬁgélzg Samfy WM’%‘&PTIMN%HY?@O&WQFP%QS W}qumechamcal
polishin%'(c):ﬁﬁ%logiﬁ)ﬁé sﬁi%bféd(ﬁ)? PBlichiRLE&rhRBn@lctbWirfaded. ace of a

anar secon ayer on which the first layer is

formed. For exgApiGRYBUND At ¢0iE INVERTEAR di scl oses a
CWVP process using a Eol i shing pad and a pol.i shi

[0002] cofgeaepasitimstagd far ehemical-mgehanigal aORSiPB(CYIR) of the surface
ofa sub%t?aﬁg ta?e] é&?-?cﬂg}yh%{ Ble A0t PG Sdthd AT (alsh %ﬁ%gk Yblihing

ayer materi al becorres copl anar wt
slurries, (P@rslguies,cand @VIPtdompositionelifos €N @1 eyl rconfxipipg surfaces of

. etail ed, expl anati.g f ' - ' i-shi "
smicor {2 SR8 2 €0l SNSRI B 501 A us v
compoudd4ead 8ixlik¢.0004] Manufacturers of integrated circuits

strive to i ove.t he, current nsi.ty. of, semi conduct or
(0003] o g Eecrt, TR i inS Hitetent Grery Sl R R RO sRing ofan
overlyin @@t lagbSioxpb&tth ptioh@F it duvfacy of 8hofihahae sedomdildyer on which the
eature definitions_forned in materi.als havihg | ow .
first lnye B FERY: & GRUTRIR §-Sebaieib B0 048 agased oM aRifEigs using a
polishingHad GAR aPolisNifg COMPoLRidn RE LSV AHIsRIRRE at a faster rate than a second
i'nt erconnects. A conductive material fitting these

layer uniid the susieem ot thew vt pineriratiayen ofgyateraldespmes Peripagr Wifpthe upper
surface gg frle! oYL sbﬁbaddsih?&. 939913»?&? }iétgi'éd Lip125oh YPHERAl-mechanical

. vices IS t t copper uses | nto surroundi ng
polishingregu batfoundyiant 818, Betentst,62d8T 4NE. 6Fmndrd.:4.836i on

[0004] i ntﬁaﬁ&ﬁc&&??&ﬂh@é@&@& @{ri:\ﬁks’ strive to improve the current density of

semiconductor devices. It has become necessary to use conductive materials having low

resistivity for conductors in feature definitions formed in materials having low dielectric
constants as insulating layers'to reduce the capacitive coupling between adjacent interconnects.
A conductive material fitting these requirements is copper and alloys thereof.

[0005] One difficulty in using copper (Cu) in semiconductor devices is that copper diffuses
into surrounding insulator mf‘lterial. To reduce the copper diffusion into the insulator material,
and to aid in the adhesion of copper, a barrier layer is deposited in feature definitions prior to
copper deposition. Barrier materials include, for example, tantalum (Ta), tantalum nitride
(TaN), titanium (Ti), and titanium nitride (TiN). Following copper deposition, the excess copper
and barrier layer is remnoved using CMP.

[0006] Current CMP processes and commercially available slurries for barrier layer removal
are limited as to the useful chemical composition of the slurry because of the relatively inert

nature of Ta. Consequently, polishing relies predominantly on strong mechanical abrasion.



and to aid in the adhesion of copper, a barrier |ayer

is deposited in feature definitions prior to copper
waele@smseeon. Barrier materials include, for exedmpUs2007/018980

tantalum (Ta), tantalumnitride (TaN), titanium (Ti),

and titaniumnitride (TiN). Follow ng copper

deposition, the excess copper and barrier layer is

renmoved using CMP. [0006] Current CMP processes and

commercially available slurries for barrier |ayer

renoval are limted as to the useful chem ca

conposition of the slurry bgfause of the relatively

inert n re of Ta. Consequ I | ishi lies.,. o1 1
st sppebt SRR S SR e bSO win igh
solids cORERMEInsdof (WeHgibdey witiTEa-chiitaRiig VarfivRlalyaliavENEty poor selectivity
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among the hewier lapieranetal byeniSikprsedl soditheinteslaygriglesirisfILD) layer (silicon
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arrier er, nmetal [ayer (Cu-based), and the
[0007] i ntAerdthsrepprtiach ¢ polishig mdjtifl e grstals isf 4 suhstrate is to use a large amount
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of the nfp)s aecher comadliedtiyrthe nad of quldétivesvetlich passivata dosietad serface or
compleg, magdog) i Poeareinss gRRAnE fe PHRpibt ilm tRemistry to stow
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suffer foffitthdceeptablle pHtidhing pbHBriRaRe! dub,ARefeirbialiR@fiohigbing!Red for new
sl ow down the oxidation of one nmetal and allow th
CMP cqraprsitignsdhatexbitubretiaenpva faten orserisqngugtor m@mﬁs such as

tantaluqq/?ﬁé{l%faesteHPwhﬂ%%g&Mij&ﬂposi tions are suitable for

pur poses but also suffer from unacceptabl e

pol i shi ng per%&@ﬁigmﬁ"oihﬁﬁnﬁ?ﬁ@iﬂéwn ongoi ng

need for new ' conpositions that exhibit useful .
[0009] r erfthedinvenitameprbuides a ghopitdlimeshaniesl @elishing spmposiion comprising (a)

t.antal um when pr ] C
o sor 0 S ER AR U A S O o 88 pine
modiﬁe?a)ghﬁmrﬁbdd) adigaidhearsibr. pol i shing conposi tion conprising

a). an abrasive, (D) first tal polishing.r '

o010y 2 Bhe BB o B P B A G0 e
reductidPsbténtRil 169 @ikn 0.3 7 fethtive tb bGtindaddiydrégen dl&AdddE, Wherein the first

one enbodinent, the first netal, polishing rate. .. .
metal pRRHITE B HOBHISTAEENS B CINPRF AR £6505H o Lhlishjng ralggodifier
agent hh{@ftai34 réé\fcﬁbﬁ%bté%tiﬁlogx@atéi dadarsh Vyehageth £hesddr@i@drogen

wherein the firs
electrode.
[0011] In a second embodiment, the first metal polishing rate modifier agent is an organic
oxidizing agent comprising a quinone moiety, and the second metal polishing rate modifier
agent is selected from the group consisting of iodide, iodine, I>'malonamides, and triiodide.
[0012] In a third embodiment, the first metal polishing rate modifier agent is an organic
oxidizing agent comprising a quinone moiety, and the second metal polishing rate modifier
agent is an oxidizing agent present in a concentration below the concentration of the first metal
polishing rate modifier agent.
[0013] In a fourth embodiment, the first metal polishing rate modifier agent is an organic
oxidizing agent comprising a quinone moiety, with the proviso that the first metal polishing rate

modifier is not 1,2-napthoquinone-4-sulfonic acid, aminoanthraquinone sulfonic acid, or



metal polishing rate nodifier agent is a quinone, and
the second netal polishing rate nodifier agent has a
wae@agmel reduction potential greater than 0. 3BCNVUS2007/018980
relative to a standard hydrogen el ectrode. [0011] In a
second enbodi nent, the first nmetal polishing rate
nmodi fier agent is an organic oxidizing agent
conprising a quinone noiety, and the second netal
polishing rate nodifier agent is selected fromthe
group consisting of iodide, iodine, |2-malonam de3,
and triiodide. [0012] In a third enbodi nent, the first
net al F0|IShIng rate nodifi ent is an Qrganic

hydroquindgng; saifpnicagit eng éhqﬁchmhglegpl @gf}ﬁgﬁg ralg er%nttlﬁ an oxidizing
agent, W%&C%n %rcﬂggc?{hapﬂl 1S RO E@] FolfoRiHg 1ol mBERRE absnt@not the same as the

I'ng agent present in a concentration bel ow the
first metad pchs]ﬁm@tatmmodfﬁdrhgerﬁtl angtis net pdtassbin iddateyorrnitric acid.

[0014] f - L 1ﬁ{§i g o éro!gil 3l 2 g? Lifiod gf"#hteﬁugﬂgg%tegﬁ‘aﬂﬁealﬁ)%hshmg a

substrat@) Whith @ndﬂk«bd b(ﬁhﬁﬂsaqsmromdnma mbatgata, dpsnrabln'emr!ﬂm piddegst two metals,

oot e w20 hat e Tt Tl RO AILIG HB ) o

the subs%‘ﬁ't@@ﬁﬂ"a@cﬁﬂhh‘n@%& vﬁtﬂ fhepoliskiifg dom@biizidn dﬁﬁnebmween, (iv) moving the
ul fonic acid, and the second taI fa\kﬁl é

polishingRadAng PoRGEAE PEPSHUGRTHRSTSY 1E SHreals EHE O Befipeas least a

pomontc)?ﬁ{e sﬁn‘aﬁraﬁg@@ﬁ&idﬁeﬁm@'su&@atesm ng rate nodifier agent is

he sane as the first nmetal polishing rate

de' f' er aggnia lEbDES@RIPM@&S@FmHEmMmom t ri c
acid. [0014] The invention also provjdes a_netho

[0015] chéMeciaventionaphuidies alqNP sempepiting ugeialipspelishing MP’e-ﬁmfe»
preferaﬁ\}? ta%%gjt &191'3% ot §bstiale tﬁir[:lpd’és?% RnBiRsdth&ise twcdﬁﬁ:keﬂ@ biNe CMP

eas two neta provi di ng one of the
compositi @1 esmaits Cdi@mabmsurte Gﬂaerﬂﬁnsamepxb ppKstingratemodifieriageny, (c) a second

metalp&jlil'ﬂl)l% nt X éhtear?éj trlli”lgﬁd %‘%{h@ a polishing pad

rebet ween, (iv)
[0016] WDVTI&EQCMIEcmbcbsitﬁbm@esﬂlaﬁlmdvxdedi fos leivemg, rapndpcmpyalmf one Or more

relative to the substrate
merals i gaetn ieivRi Snerpars PP shpentPhE eflon Bitme
composihd e LQE%R'IEEMIHT\HEIChWém@GBﬂEﬂmOW of copper and

i nvention provides a osition useful for
tantal“IBonsWtW@aﬁyér&N s?qnalfee"“kﬁdgjfyztg‘ﬁ BFY- a sem conduct or
[0017] SU b?ﬁoév%;rgslbg 3ln Ble Y ﬁﬂ{alﬂlecéwis%é’l SspfcidlBad aHerdTﬁhabRa for use in

conposition contain b
CMP of parsicorci moEriaR| Apeshissnmeisiay cageness piysists estentially of, or

consists §£& Hl%tal oxide. Examples of suitable abrasives include, without limitation silica,
alumina, titania, ceria, zirconia, or a combination of two or more of the foregoing abrasives.
The abrasive preferably is silica or alumina, most preferably silica (e.g., amorphous silica,
colloidal silica, or colloidal silica doped with aluminum).

[0018] The abrasive can be present in the CMP composition in any suitable amount. For
example, the abrasive can be present in the CMP composition in an amount of 0.1 wt.% or more,
e.g., 0.2 wt.% or more, 0.5 wt.% or more, or 1 wt.% or more. Alternatively, or in addition, the
abrasive can be present in the CMP composition in an amount of 20 wt.% or less, e.g., 15 wt.%
or less, 12 wt.% or less, 10 wt.% or less, 8 wt.% or less, 5 wt.% or less, 4 wt.% or less, or 3
wt.% or less. Thus, the abrasive can be present in the CMP composition in an amount of 0.1
wt.% to 20 wt.%, e.g., 0.1 wt.% to 12 wt.%, or 0.1 wt.% to 4 wt.%.



metal polishing rate nodifier agent, and (d) a liquid
carrier. [0016] The CMP conposition desirably provides

wo o008eyaRr; rapid renoval of one or nore netal SPCTUS2007/018980
substrate relative to conventi onal CVP conpositions.
In addition, the CVMP conposition can be utilized in a
manner in which the selectivity for renoval of copper
and tantalum and optionally TiN, can be varied by the
user. [0017] The abrasive can be any suitable
abrasive, especially an abrasive suitable for use in
CWP of sem conductor material s. The abrasi ve desirably

conpri ses, consists essentlélly or consists of a
[0019] o ThE b, capRaip ey switable formb ﬂéypa%llasﬂ\?@r%‘tq i§ dfa the form of
arﬁcles%u%uéanl Ber%fta%r'sﬁﬁ%ﬁéls z‘égr e. a#]l‘é'ﬁlﬁﬁetef bf @B 'si"hall@ﬁrsbﬁere
two or nore of
encompﬁssr@he pgrtiﬂnf)ai"bv esamplhcthalbmsiveesap hefea aidap na§1¢§¢ pize gf 10 nm or

or ~al um na t referabl SI|I e "
5y LA RS M0 ain,
abrasivedahlhage dfhennrPartid10 6ik8of 'SDG nﬁbdhdsssy €.gc300an pr BsgR00inm or less, or

100 o g ol Bt RS ARSI PEC BRSO T EICRAPY of Which are wel

known 1?1@1?@9@' sﬁa'cﬁ%sld&eﬂﬁglﬁ@@&f&m@fte&rﬂqdﬂs % or err e, e.g.,
% or nore, 5 w.%or nore

[0020] AI tﬂ“ﬁr@bquiﬁ@l desirghly |1?15LE§HE’i14qddﬂ the GMPaﬁqug?S\}témb éﬂorsggecxﬁcally n
the IIQUIBré%.F(%}tOf the tﬁ/ﬁ’ % SERO S WiHeARhd %ﬁﬁv@iﬁ%@ﬁeﬂ%d Zth}WCI%P

mﬁ % or |ess, % or _|ess,
composmon%h@rabms,@ prgfemblmﬂolloe?ély SSaWJF %%Peﬂlne §§“0»41 ’WFfe% to the
r S e
suspensﬁ)neclfga%?asn% ;Eagt W fRE 13 ﬁgt?c{ail%%qw| Eotgﬁﬁig?mptﬁﬁﬁity re?éifg tPthe
mmntenaﬂce%ﬁthamspmsﬂzm ®ey txmeg In the contexs of thipinazntign, an egbraswe is.
00 Th V,
consil ity SRR o RREA S0 pion  paced
into a 100 nﬂ@fdduateascylmﬂewdmdcaﬁowkad toftand without aditagiopifera (nneepf 2 hours, the

e R s AR A R0 A s cvinaer
([B] in ﬂ%ﬁﬁi bEgIp hi&tlﬁfcoia@edﬂﬁh@h offabRsive id the tap SDrdesf tie geaduated
3 nore, or %ﬁ nor e. /Mternatlv

0
eylinderT] 11 6710 b AIRADTE TR LCOPRUSH PR APEeL b CMP
composﬁfonis@@] Hmeﬂﬁs bEs/enl) & 168ss th3PBr &fato 0.8%Fe., ?l_(ifb] N[M®AC] < 0.5). The

) nmor less. Particle size can
value of A THIER desasabbm lensithampreequal o3, andryelsrabinisdrsshan or equal to
0.1, Well known in the art, such as Iaser light scattering
techni ques. [0020] The abrasive desirably is suspended
[0021] i n ThediroMdcssepobinetad polishing ratp sadifierAgetsjage selected from the

following pairs of first and second metal polishing rate modifier agents: (1) the first metal

polishing rate modifier agent has a standard reduction potential less than 0.34 V relative to a
standard hydrogen electrode, wherein the first metal polishing rate modifier agent is a quinone,
and the second metal polishing rate modifier agent has a standard reduction potential greater
than 0.34 V relative to a standard hydrogen electrode, (2) the first metal polishing rate modifier
agent is an organic oxidizing agent comprising a quinone moiety, and the second metal polishing
rate modifier agent is selected from the group consisting of iodide, iodine, I,'malonamides, and
triiodide, (3) the first metal polishing rate modifier agent is an organic oxidizing agent
comprising a quinone moiety, and the second metal polishing rate modifier agent is an oxidizing
agent present in a concentration below the concentration of the first metal polishing rate

modifier agent, and (4) the first metal polishing rate modifier agent is an organic oxidizing agent



the liquid carrier of the CMP conposition. Wen the

abrasive is suspended in the CMP conposition, the
wa@boastmel preferably is colloidally stable. TheCT/E82007/018980

"colloid" refers to the suspension of abrasive

particles in the liquid carrier. "Colloidal stability"

refers to the mai ntenance of that suspension over

time. In the context of this invention, an abrasive is

considered colloidally stable in a CVWP conposition if,

when the CMP conposition is placed into a 100 m

graduat ed cyli nder and aIIo dto stand MAthout

.agitatjon for a ti of 2.
comprisfit 4 BUROPH B HCRHE o ?%W%?ﬁaéﬁ*?%@fsggl <] Pl EG R patg pegtfer is ot
1 2-napt!ﬂog§i&10¥1@-ﬂ -SIRAB S eyihddadBiaqhinBhe bulfdie a&idpdr Wd?ddumone sulfonic
the concentration of aprasive jn the top 50 m

acid, and ke ypcand meal pOPshingante profitisrpgeat ﬁba“&x“&?wlg)agali“x/?"d © proviso

that the Q¥cotnh%ét91 ﬁdlﬁhufgoﬂaf‘eexﬁb&ﬁﬁ ngn@ﬁs RRRS sathe hdthleTRst@Eal polishing
nposition ([C]"in ternms o is less than or

rate moéqim hgend a0d & 1ot mtassm(upgqodate[or]n}tchch 0.5). The val ue

[0022] g; JL‘pr e*ier g%ﬁ%dgﬁeﬁ'{trtﬁglﬁ)( t'rﬁet!ﬂe}:ﬁﬁls r}af?:rm&ﬂﬁé{ O%eﬂt fardbe any

ess than or
suitable'EheteﬁalrImVntgwmsndaJd dectr@tlah pp)@lntlslhtl»er;S‘l= é[t @Qﬁ‘ﬂvﬁlu@for Cu*" — Cu)
agent e ct.ed f r e
or less rg%ngg 2% i&nﬁ%r[d ydr%ﬁ | ng ¢ a{I“gla Hl< pgn@tgf aﬁtﬁls%ﬁng %%%Odlﬁel‘ agent
in the fitdtenfbotdRhenteanlbe rany lsﬂilmbhgmaedrml hiwing laestandgle]ntedmiwna)otentlal

greater 50 SRR 1y B DOV RSB AL S G o1 the firat

[0023] rretlalth@s&doﬁh efiolahéent]ihe lﬁ&st&hetalq&ﬂts}ﬂmg ratequomcmeagemn dan be any
t he second net al O|ISh]ng rate nodjfie ent as 13
suitableTgARIS POICHHEE EEFH1FOPBFBIEI T BRREPRIEY 1 BhE BF0S j gietal bolishing rate

modlﬁe[' %.géﬂt Y ehe Rcond ERABIANTENNYAT PO Rlifble pdat seﬁéi')ted #iém the group
rst metal polishing rate m)dlfl er Tgent IS

consxstmgg»émded@wan% Iignagepemidese At triipdidea The GR éOWPé‘fl?n of the second
embodl tu}le frir'? P]@{élcoﬁghkég's%nﬁﬁx@dlgﬂg'a bR agent is

ecte group consi sting of i de, i odine,
[0024) | 2 Imth@ﬂmﬂ ehaodivnedt, the fistimetal ppBshing sate mogifieragant can be any

suitable? é)rglﬁx?lgl nﬂhzﬁa}é %ﬁgﬁdco;ﬂﬁ:fm %gae%n&%e I%BIC ! g é SecBtl aa%él Mblishing rate

e secon
modiﬁeﬁagait ipthd &hﬁr@bo@hmemﬂndn fbleeanyagmhle psxdazmg Agefit presgnt in a

concen B0 5P ST S 50 R S e s s
[0025] D glln;the foudgedthbodinin, 4)e fiendetal polistih@tate niadsﬂinrmgemtataa be any
nodi fier ent i s an organic .oxi di zi ng ageptconpri
suitabl T gaRiF G AP GBSt TR G DTS o RBEh hepep o That th firs
metal pBBilhg RRE DAL i§ abel Imﬁpﬂﬂoq{nnbﬁe-ﬂ%lfomc acid, ammoanthraqumone
2- napt hoqui none- 4- sul fopi ¢ aci d, ui no

sulfonicagid i hydgggu&por@rsu}fyamm noesecond B’H"F pOﬂShl hite modifier agent in

the fourth embodiment can be any suitable oxidizing agent, with the proviso that the second

metal polishing rate modifier agent is not the same as the first metal polishing rate modifier
agent and is not potassium iodate or nitric acid.

[0026] Suitable organic oxidizing agents include, without limitation, chloranilic acid,
organic peroxides, (e.g., -butyl peroxide), n-methylmorpholine-N-oxide, dichloroindophenol,
I,-malonamides, and quinones, such as dihydroxyquinones, e.g., (2,5-dihydroxybenzoquinone),
naphthoquinones (e.g., 1,2-naphthoquinone-4-sulfonic acid), and anthraquinones with one or
more functional groups. The functional groups of anthraquinones primarily aid in enhancing the

solubility of the anthraquinone in the CMP composition but also can affect the performance of



acid, and the second netal polishing rate nodifier
agent is an oxidizing agent, with the proviso that the
w@ememer4pet al polishing rate nodi fier agent i SPEDUSI00E018980

same as the first nmetal polishing rate nodifier agent

and is not potassiumiodate or nitric acid. [0022] In

the first enbodinent, the first netal polishing rate
nodi fi er agent can be any suitable nmaterial having a
standard reduction potential of 0.34 V (the EO val ue

for Cu2 " Cu0) or less relative to a standard hydrogen

el ectrode. The second netalﬁgﬂllshlng rate nodifier

t in the f
the OMPgoBRPHRoRSY PRI & B8 BcRBeL Aok o4 e

limitati (;Ih %ﬁlf@na%és }‘hé hé§hates Vid fnidest ’Eﬁﬁjﬁftﬁrahuﬁioﬁaﬁémﬂia%farrﬁﬁ@ure of two

e second enbodi ment, the first met
or moregbffﬁ@m weaz af fanetiomal igsounsg Breforath fepctianyl aropps %r the anthraquinones

are sulfi 1g %Qldg o%hg i P&paﬁ%%d&ﬂfﬁq ﬁt' prefetatly hé"ﬁﬁﬁltﬁﬁhﬁﬁ%ﬁe disulfonic

et a ing rate nodifier agent in
acid, susle a® ﬂ,d Oeuﬂudqmanne-é,@Pdlb@ﬁanq agidi Q,&%aeﬂﬁg@nm%l Scdiggfonic acid,

om.t 0 i odi ne,
9‘“)ankuﬁ%P g]e' éggﬂﬁgﬁg% ﬁdgg gRSHﬁ#§ o conposi tion of
[0027] t h GSlﬁﬁblH‘ldotgahmd)x‘nhzhlgmnﬁs pdlodea Ilehofug htrh@hon,dmdm gen peroxide,

poss R RA PO SRS i 008 by 08 i, amons

: dlpersuﬁ'@t%l’lﬁot@s%nnb @ncﬁﬁpe&tﬂfht@bh&i @bgaaﬁum chperslulfata)g pagedratte salts (e.g.,
I none The s

a
potassivsB FEUAIG . Paic LGP e B PRE ARl ‘G B e potassium
jodate),G88inB SrifdVAtS sHlds 2P iBsstich %bﬁhii&aﬁ@eﬁitnofgaﬁmts ofiiren (I11) (e.g., ferric
concentration bel ow t he concentrat i h irst
niteate) pargaRic selts %W%(IIB(%gW&PKIIQerQEW%F f@HX&V}“Sﬂ; Gepigm (IV) sulfate,
bromatd Qﬁ{st(g & e PR TR bron}dt®), hid éﬂloﬁ?é ﬁhtsp PrdfeRbRY WiRh&he second metal

agent can pe any sui tabl e orggnl c oxi di zi n?
polishingyeats modifisr agéntds an inorermeoxidizer jt isveleated %FQ}W% ts (e.g.,

potassutlrlﬂgct)c}]ate Y hfdlﬁes,’ O&Eglﬁll‘n S;R;%n CQ% frg)trgarﬁp dijfd cﬁflrd é .g., ferric

oqui hone- aci an1noanthraq
mtrate)slbﬂofrmm mchdﬂd:atmalmym@pnsm&MS%tsl fl siroe smbddinTengs, the inorganic

Q taI I|sh|n ate podifier agent in the
metal pf’_ﬁ%?f‘%mge %B{m%\rr’ﬁ/a%'%l tabl e oxi di zi ng agent,
[0028] W tThé ORID bmpssitlcbmeetn funthesamoprikertedide apoinks.s Buitgble hulde anions

mcludeggnfqrg#? ﬁ@ ,eanl[q?}a&xgtp.e tfkhgragqﬁne% dtfe ggwfgltlﬁ gk&et gg&sla éomposﬁxon is

jodide. | Pt Ride anitin! dah®eatpplied Wﬂﬁ]usSUfhﬂjbklﬁ'tabl&gmﬂ id the CMP
oxi di zi ng agents include v\ét,hout 5
composiiPry  Syitqble. saé@lfar supplying halide ions 1nclu

ammonium, magnesium, calcium, strontium, barium, and aluminum salts.

% T example, potassium, cesium,

{0029] In addition to iodide, in some embodiments the CMP composition can contain iodine,
1,-malonamides, or triiodide. Iodine can be present as molecular iodine (I2) or as a soluble
jodine adduct. Soluble iodine adducts are produced, for example, by combining I, with a carbon
acid. Preferably, the iodine adduct is I;>malonamides.

[0030] The first and second metal polishing rate modifier agents can be present in the CMP
composition in any suitable amounts. For example, on a weight basis calculated on the total
weight of the CMP composition, each of the first and second metal polishing rate modifier
agents can be present in the CMP composition in an amount of 0.001 wt.% or more, €.g., 0.01
wt.% or more, 0.05 wt.% or more, or 0.1 wt.% or more. Alternatively, or in addition, each of the

first and second metal polishing rate modifier agents can be present in the CMP composition in



organi ¢ peroxides, (e.g., £-butyl peroxide),
n- met hyl nor phol i ne- N- oxi de, di chl oroi ndophenol

wo 20smb@aam de3, and qui nones, such as PCT/US2007/018980
di hydr oxyqui nones, e.g., (2,5-dihydroxybenzoqui none),
napht hoqui nones (e.g., |, 2-na rhthoqui none-4- sulfonic

acid), and ant hraqui nones with one or nore functiona
groups. The functional groups of anthraqui nones
primarily aid in enhancing the solubility of the

ant hraqui none in the CVP conposition but also can

af fect the performance ofthe,CMP conposition in

oy S8, T G R SR IEk. S PHE i, cac o

the ﬁrstaa?ﬂd%éondTﬁﬁta@B&liH}ﬁﬁé‘fa?@ﬂl%&ﬁ‘e@ RghRY @axﬁbéfbﬁgsbﬂtﬁn @the EMP composition
nore different types of functional groups.

ata conmetmomeqf 1 mivE o1 11938, eeff- oM 05 Marped B RF gmﬁ?arfsr?éﬁéﬂ\%%mm
Altemaﬁ%l& aﬁﬁitg)% &U:?f thé Bt ahd %Eoﬁd foétgl' FoliR %8 modifier agents
'y 1s AR ant h raqui none disul fonic acid, such
can be mss@,t 1mt1ar¢Waaq:mmnm ingndinyyint 0fi6@ maydjog less, e.8., 40 mM or less, 20
t 0
it o 3 0L AEGRLHETES o B 3 88 e mociti ey b prsti
any conicheti&tiifn; gfd0R TharSeijbal bo,corilessrtanthe fost detal pghsduggmage modifier

spen. BOFLE o PB4 Bon AFRRF By L Mgy potising e
modificR ARt ik hdOMIPEshpbdditidreis 1awepthian thedqneestrdtiont af the first metal

) oota33|aggnnno er sul ﬁﬁ’ and otaSS|un1d|persquate)
polishiy eg ggeit in the ‘Tﬂ‘n peri odat e),

[0031] pe(erHeﬁ figd @W&drﬁp&ﬁh@h corﬁﬁxﬁ@% SiHamdpathe hhl@tﬂéiﬁlﬁbn can be present in

i odate salts (e.qg., _potassiumiodate
the CMPrqopenesitionsia|any Suﬁ@%I%%Ii“i?ﬁ’frﬁ‘é‘?rhaF@aeH%{“é’le’l %Pi}&?ﬁ ign can be present
in the Cﬁ@*’tc%ng;osftloﬂ% Q'cbhéexﬁl%tlgn of 5¢hbhd Gr ﬁ’abié @tgG)l 0 il @R lnfore, or 25 ppm

I ron 1) (e.g., iron (I111) malonate
or morq. FAltennpliy i) @]qx addréwmuthe(hawe ion <fa§tb§’ Preyeahit BeddylP composition in a
r I
concenhufg Y 0 OPE LG g 0161 By,
[0032] nodThe Bquidgerrierican bn any ovigablé hqmmo@,rrzegr Withoytdimitation, examples of
ted.fro odat
suitabl i 5t BRI NP REae fiote PRIGR S, BURKG mthanol,
isoprophﬁ@ln bltahdl) af@ combirfadons memof rEtedjquid cmt & wned to facilitate the

s AT St T S Aok ol i o e st o a

suitabld@bsfrh@! PRgRAbIY, SheRfuidichirie? igwatir. Rr@&iﬁjlyﬂhe“@“kﬁls deionized
conposition can further conprise halide anions.

water. Syj t abl e hal i de ani ons include chloride, brom de, and

[0033] ' Od'![‘ﬂc?(ll\/ﬁ’ B6:8564iti8H opibrialls faRh& tonibrises suitdBle amounts of one or more
nposition is iodide. The halide anlon can, be

other n@mmls e@l%pthWénﬁfé’ga’éfca‘a Ry othsr masereals sppmopLy gludgpin CMP
compo&ggxPso SFJr' &3mp @Jbﬁ&m)tﬁelsﬁhfeﬁafscﬁ'an%%{'ﬁéblﬁﬁ iR@bite, Viebssity

for exanp e, potaSS|un1 cesi um
modifying agents, surfactants, “biocides, and the like.

[0034] The corrosion inhibitor (i.e., a film-forming agent) can be any suitable corrosion
inhibitor. Typically, the corrosion inhibitor is an organic compound containing a heteroatom-
containing functional group. For example, the corrosion inhibitor can be a heterocyclic organic
compound with at least one 5- or 6-member heterocyclic ring as the active functional group,
wherein the heterocyclic ring contains at least one nitrogen atom. Preferably, the corrosion
inhibitor is selected from the group consisting of 1,2,3-triazole, 1,2,4-triazole, benzotriazole,

benzimidazole, benzothiazole, and mixtures thereof. Most preferably, the composition



amoni um magnesi um cal cium strontium barium and
alum numsalts. [0029] In addition to iodide, in sone
wepmedirent s t he CVP conposition can contai n i BCi/N82007/018980
| 2- mal onami de3, or triiodide. |odine can be present as
nol ecul ar iodine (12) or as a sol uble iodine adduct.
Sol ubl e i odi ne adducts are produced, for exanple, by
combining | with a carbon acid. Preferably, the iodine
adduct is Vmal onam dea. [0030] The first and second
metal polishing rate nodifier agents can be present in
t he CWP conp03|t|on in any suitable anounts. For
exanpl e, on a wei ght basis 8%Icu|ated on the total
comprisaebeytrotrizzole STENEMEoaRRIS i G CanEBIPTISE 2K suitahle pmgupt of 2
comomo%%&%gﬂ petal pollshlng rate nodifier agents can be
resentin the CWP conposition in an anpunt of 0.001
[0035] vvt Tiediocide ean lee gny, suitable hivcids.oA switable tiodide igtandisethiazolinone

composiigpapp RATHON® Bies ) fai ik FATbl Bl R it g

(Phxladdlplhe Ryl TheCMR) ecriaposition hm mmetanyrsuttﬂde @nfeunt of a biocide, e.g.,

m @EC%A ion |nan anmount of 5 w.%or less, e.g., 1
typl‘%‘?évi‘1 RefalpEount.o . g 5 w . 9% or Iess On a nol ar basis,

[0036] €acihedMPRMpdsiionadad haee eyl suitibis pIﬂ.O E’két’erabg/, itiet EMP composition

nodi fi er agents can be sition
has a pEhn ﬁlecfemgf‘e?ﬁ I o 4 Eﬁ}@% éomeoij“‘m Qpﬂgkp GpgpRsises one or
more p}:f SfingRiaferiald, f@r"@@aﬁf 14106 QcidNukB b althy atid, h?droblﬁlonc acid, acetic
Ition, each of the flrst and second netg i sh

acid, andah@lﬂnwabrasg puchisrAngmenRia, RRIATSFER BNEroxiie AR é@d%e or a cotmbination
thereof, QR qﬁ&ﬁ'o]’x'tg gmé ng?\l/lhé&nam URd nglc 66m rTEIMl&ﬁS B CIP LompdSitidh]

I ess, | ess. The second
[0037] rret"me @MIP @hprgition @nlhs‘mrﬁmaéﬁd hyeny switaplgtechnigye manyof which are

known ?o%ﬂge{) % (f in Ha W 1 ?ﬁ?II {Tﬁ’g Ql’tloﬁ%gﬁl Iba:p?l g?éd ﬂn%sﬁatch or

I Tst net al rate no agent
continubey prexeszp Ic;ae,neramypﬁe mmpmiuontdae be gueremed by combifing the

t he eco d netal ishing rate dlfl n h
compongRgs 1§| qlﬁyo‘ﬁd'lﬂg %ﬁg’l’nt RERPYIFE con%sgﬁthre%? | E)nnc I‘hﬂ% o lﬁdeual
1ngred1€f.ﬂt§ &g J"Eﬁr&hv&@ B%lgb,l MS\?; ietal I’pbtilslimg Iratagm‘fdlﬁemagehts SMPthe like), as
nposj tign. 1 e the osition c
well s SO o P o e PR R REEE worer and
the met&lcﬁmﬁﬁintg'r@ﬂ% th&diBRY agent, R Bhea @ BE BﬁHerc’ahl‘tﬂrhddE@rand mixed by any
exanpl e,” t halide ion can be presen
method dhati® §¢na|blﬁrpﬁ iRcerpeEiiag s ePmpINests it %ﬁ‘ﬁ\i&’ rFBFE’OSIéIOQ When

mudlzn'}g3 é%?f@ 42t a8 soﬂ% 02§11 P Eﬁeodmﬂ@{r% agbhis@hi\abé H&ie}d, 3u§trpnor to the
dition, the ide ion can present_in_th

CvP
mltlatlowmfmoétshlng ofthe %lbé@ﬁée Ahe &9mﬁn@'fts iﬁEDb%ﬁﬁ”é‘Pcﬂ &8 éhe polishing
platen BY o or]rggre%ﬁqvgfy Aﬁ&%ls. or 60 ppmor |ess.

[0038] The CMP composition can be prepared as separate components that are mixed prior

to use. The separate components can be combined in various ways. For example, a three part
system can be made wherein the first part (part 1) contains the abrasive particles, the second part
(part 2) contains the metal polishing rate modifier agents and water, and the third part (part 3) is
water. As a further example, part 1 could comprise 4 to 30 wt.% silica adjusted to a pH between
2 and 4, and part 2 could comprise two or more suitable metal polishing rate modifier agents.
The three parts then could be combined in various ways, for example by adding part 2 to part 3
(water) followed by adding part 1 into the mixture of parts 2 and 3. A skilled practitioner will
recognize that the proportions and concentrations of the various parts can vary, depending on

solubilities and stabilities of the components, such that the final concentrations of the



[0032] The liquid carrier can be any suitable |iquid
carrier. Wthout limtation, exanples of suitable

wo pgpaiozaearri ers i ncl ude water, or water m sci BCBEUS2007/018980
sol vents such as ethanol, nethanol, isopropanol
but anol , and conbi nations thereof. The liquid carrier
is used to facilitate the application of the abrasive
particles, the oxidizers and any other additives to
the surface of a suitable substrate. Preferably, the
liquid carrier is water. Preferably, the water is
dei oni zed water. [0033] The CWMP conposition optionally

further conprises suitahble s of on npre
compongntpef theareparad €M %GEWP%H@? Wb a1 desgrhedshergi hn advantage of

prepanng%éeéw gﬁg‘%ﬂ?ﬁ Yroh{ rmt it aPé.r& VG e£RAN @5 SHefiN$fe of Bie product by

t her s can be corrosion
keeping |Sﬁpnrmpttb¢ gbrasqvg vediclss fraraitheother enyepanents. Another advantage is that

r

most of ﬁ{oér\%%g% xgérgdlsnn %%Hg?@(? ﬁoﬁ{]ﬂletrﬂﬁp*fbéfﬁrg}' &é)ﬁlgdsggﬁhﬁe facl:)glrc]:atlon facility,

but coulddeariged ai the lbrbaatlon whesé the polibhibg vaH octym theaehyyreduting shipping

corrosion inhibitor is an organic conmpound contai ni ng

a heteroatontontaining functional group. For exanpl e,

[0039] t hehe@nvesion ﬁléorﬂ’tibbidboa nustifodoef cﬂ1ehﬁ¢aé¥m@qhahical mwolghingof a
conpou wi th at.least. one 5 .heterocycl.i ¢

substratg Y HEeTRicE PR AL PO G PSS CGPTR (DG thcting a surfuce

of a subQidt6 WYL pb1fshir g dCAHAE ACNP edmpEsitidn MSﬂmtécDm&nahmhﬂu) moving

Preferably, the corrosian inhibitor Qted fro
the polisfiee SO 148 1RESPT ROAUbSis 2t e poliShing compSition

therebet;';vegn %EJeb?%Q%a%mg@fWé&? b inBARINDf the StrfiBeda pBlish the substrate
enzot hi azol e, and m xtures thereof. Mst preferab

[0040] ¢ hé’h@@hpmsqaimmmmlgb@gw%d eipbopeed tymalighpmy diitable

s GRS I A AL Spes o

alloys, tsmmtuabltmtblummﬂade, AT smrlba‘xahentmhywxfe The inyention also prowdes a

et 5 AR AT B 5 A TS P Bsing o

a substrBA) Thé gethdPcarnppssialtering d&:rbomoaﬂratma cflope lrrtQIb lbéthe metal

potsin ko S bR LA EA s o

decreas&l'fela%%&o S reH{chEBfa@@bﬂa sécbﬁd EMtalc rEp esarhpleNinkassinght
the range of 1t .9., 2 to 3. The CWP
concenteabippdg ipmeiAl mﬂtshmanawne F hasit i gomPOsiion may increase the

removal rate of copper and have no effect on the removal rate of tantalum. Therefore, in

costs.

applications where it is desirable to remove only a small amount of copper relative to tantalum, a
lower concentration of the second metal polishing rate modifier agent may be used. Conversely,
in applications where it is desirable to remove equal amounts of copper and tantalum, a2 high
concentration of the second metal polishing rate modifier agent may be used. In addition, the
concentration and combination of the metal polishing rate modifier agents can be altered to
effectively polish TiN.

[0041] The CMP method of the invention is particularly suited for use in conjunction with a
chemical-mechanical polishing apparatus. Different types of CMP apparatuses for chemical-
mechanical polishing are well known in the art. Typically, the CMP apparatus comprises a
platen, which, when in use, is in motion and has a velocity that results from orbital, linear,
and/or circular motion, a polishing pad in contact with the platen and moving with the platen

when in motion, and a carrier that holds a substrate to be polished by contacting and moving



nore pH adjusting materials, for exanple, an acid such
as nitric acid, hydrochloric acid, acetic acid, and

wo b@sloz kel a base such as anmoni a, potassi um hpdr/u%100%018980
and the like, or a conmbination thereof, in addition to
the other acidic and basic conponents of the CWP
conposition. [0037] The CMP conposition can be
prepared by any suitable technique, many of which are
known to those skilled in the art. The CWVP conposition
can be prepared in a batch or continuous process.
Cenerally, the CWVP conpositiQn can be prepared by

[
combi ni ng the conponents t hd f d
relative i%msuéfé%@%@ﬁtpor{g@n%é@ KBS B Sehing o (ReSOPSTEAL ebgmplace by the

substratk B%ﬁgﬂﬂfé&ﬁ $n CEntdctwitlp E}fésﬂo\lﬁﬁmg%kl%d al@ePSconifisRion described

Ing rate nodifier ents, and the |ike), as wel

herein aad ﬂmmnomguthapoleﬂhmg padrrg atiye do the subpiratecoras|te abmde at {east a
portion Bg{ha Stra‘i@& gﬁlsﬂ c}ﬁ?@ﬁb%ﬁg J N water, and the netal

|ng r Ier agent, or the acid or base can
[0042] be md!ﬂﬁthatemmi tré plathrizgd anpolishet ot nEMP somppsitibe apfescribed

herein v FB AU UF R 0K PR L1 & RO e e S R|shlfbacs

include OBk 8k &hpig, woeat &d’ﬁ&)t;—%vadﬂdﬁlmngspadp; gmloved)mt fn-grooved pads,

initiation of polis lng f the substrat.e .
porous %@ﬁibﬂ@ﬁ?%p%%n %‘59 H Meregyer ﬁ‘é‘P%L P%lrﬁhﬂbg %ﬁ & cpypprise any
sultabletﬁQﬁ’yrﬁér HOFaeyiag|dedgivy hﬁﬁd‘hbésn&nd{r&ﬁﬁ &bmphessiBilRy, ability to rebound

nposi tion can be prepared as

upon CW?SS&PIB apd SeWPHIsPigR Mpeflulese Swﬁgfegg’gg‘%g{ségggﬁﬁgnﬁ?ﬁ%“Ple’
polyvin ﬁﬂl&ﬁlecﬁ%ﬂlgﬂ’ﬂd&d\éaﬁﬂgﬂsﬂﬂﬁﬁ&rbgﬁ poycaiitingte, dolybstes

art s nmade wherein the first_ part (part
polyacrylate polysthes, noirethyjers ipplyagde.i naluyetheng, PobiEbY &% plypropylene,
coformé{fJ gﬂ'o%iugt; Cf?@&i?h&f mtlﬂgrégecflé'ije P%és?xl?:biyﬂ zﬁ@ﬁcﬁxsﬁﬂf@ pad§ seful in the

The thi rd par part I's

CMP nw&toelrare padseconoprisieg ptdxam;haeae ppbymeers: coul d conprise 4
[0043] an d ea?\l\c'ttli gonigl(}lfﬁdgf:a %%Jaﬁx fard §oq=t gacp W&%ﬁ% a%xf:?t?&ﬁes c(?mpnsmg
barrier atdrialy, Bach at tantahh fdrﬂlardtgedst is offth@voided begmuse of theanpsulting high

u n vari ous X e b Iy
defectivishifgogar PRy S G TGN S HE TR A Hgever it s ofen
desirabRabpolish Oéifg TahﬁrdTpaﬁ because h4pd ph&s lastanﬂgéi' thbreblyl lbWedng the overall

ractitioner will recaogniz at the ortion

cost of Hharkresacr e P SoVIB FOPRESUAR Do BusAton iy Dapipd Wih AR pads and has

shown Qﬁ%ﬁﬁgﬁzﬂ eﬁﬂrrﬁé?ﬁdé%ltﬂ tdspéct 2 fbve Hafebtivity @hewhsddnith hard pads.
rrponents such that the final caoncent rc? 'gns of

[0044] t heEamdHRparpeTitiomer e dbeansan ony RetiBied & tBR PRI PE LR, In other
words, ﬁﬁ: él@ﬁ%dn%%l*tﬂﬁ{ St the nﬁ)&nﬁ@ﬂ ?%Qhﬂﬁed‘)&tﬁtﬂ@fdcﬂﬁoﬂ SEtheRemical-

ositl rom separate s is to extend the shelf
mecha:hczﬂ @Obﬁhmg,ee . aidthe sul’gj;}:rate-pohshmg pad interface. Any suitable dilution can be

used. Dilution is done by adding an appropriate amount of a suitable liquid carrier, typically an
aqueous diluent, with adequate mixing, to a concentrate of the CMP composition. The liquid
carrier typically is water, preferably distilled or deionized water. In such an embodiment, the
CMP composition concentrate can include the various components dispersed or dissolved in the
liquid carrier, e.g., an aqueous solvent such as water, in amounts such that, upon dilution of the
CMP composition concentrate with an appropriate amount of liquid carrier, e.g., aqueous
solvent, each component of the CMP composition will be present in the CMP composition in an

amount within the appropriate range for use.



keepi ng separate the abrasive particles fromthe other
conponents. Another advantage is that nost of the

wowien2iaeed not be shipped fromthe manuf act urBCT/US2001€18980
substrate fabrication facility, but could be added at
the |l ocation where the polishing will occur, thereby
reduci ng shi pping costs. [00391 The invention al so
provi des a nethod of chem cal -nechanical polishing of
a substrate, especially a sem conductor substrate. The
met hod conprises (i) contacting a surface of a
substrate with a polishing d and a CMP conposition
as descri bed herein, and (||? nmovi ng the paqlishin

[0045] 1 elAsniseé herpin ierefarpRosde thy corhRosition andmethpr of thein ofin, the term
tunable pe%%ﬁs §0! ltl{égaabq fgﬁg %Htebpa?p$1£bﬁ§r?§3r%ié’@lea{‘suﬂs9§t%%@Mm@%ﬁdﬂyr&ijustmg the

tio surface to polish't

~ concentsatibos tof ane or gr@ma empbmenthefithe &Mw@mas@an Fer pxamplg, by adjusting
od can be d £th

the concgﬂﬁatlx%n ec? %eteh é}&? ?lll bg rl]atpo hdl a?%éﬁtlg ;é?gli/lg?oﬁxposmon of the

inventiogQHethdtalvgn pamﬁtg rat@mﬂfe tnasd &oai tama,ssqf Ot tarR080 Amin, the copper

potsin s s 5 DTS S 5 BTt on b aned o

0 to 15006A BhihY Q‘Heel‘maion{ﬁisﬁﬁ)n(?ff tﬁ&ﬁ&éﬂﬂiﬁ&i Rltandbie to one, two, or more metals
chem _cal - mechani ca| polth CNI}% of a.substra % hi
present jfpd prRStratsaplheduaabilityend they c‘&‘&ﬁ&%ﬂ?’i‘ Btq Scﬁ eaiffPodishing
precxsloHQJrf thoi ubsBstetBh@ b‘eﬁ&!r 'fﬁ:ﬂi _rféi %‘ h@ltiphd) QiisEra aliring
e renpval rate of |rs net is increased or
manufadmnsased relative to t he renoval rate of a second
[0046] "EliHe foﬁ? xﬁm es ﬁﬁﬁg@@%&@&e%nQWJta&f & sifould not be
metal” pol| ate no agent in a conp05|t|on
conmnmﬂnwdhmmyauaehmﬁungumwm@ab rate of copper and have no
effect on the renoval rate of tantalum Therefore, in
applicati ons where it i EXAMREbBAe to renove only a
[0047] _ S l'%sza ﬁio ggfo%?tﬁzg sg t@g%ﬂ%&l%&a%@of (ﬁﬁ‘i glle?dppoﬁsllnﬁﬁv‘?e{te modifier
agents, ﬂﬁdg@; lﬁmbﬁthmy-ltﬁadisaﬁdmc@om(é r&sAIQDSAhas a first metal polishing

rate mog)ri;%a :qg%{tl&ggz%gherg 3|ﬁ%)xl1 %S%f%?g%meiﬁ? ﬂﬁgg?\% Lt g ! Eﬁd,n‘jer agent, in
pohshn&f subbiPats£ESMAInIHM tahtaReh bdoiper.at e rmdl fier agent may
be used. In addition, the concentrati on and

[0048] ¢ orfbimiler pelstigtoscREDising taalur AR gPRRSE ¥ SFRATShEd on a Logitech
tableto;f%gdl}‘i\]ér &2l REmcte mot&de(@iﬁ&ttw&bé’le&ﬁﬁmésh Alirdta, Tllinois) with

The CWP net hod of the invention is particulayrly
different potigdng cpmpesitipns Eohisbing Gosppagitigns J A-1E). The tool conditions were

102 rpm platen speed, 110 rpm carrier speed, 24.7 kPa (3.58 psi) down force, and 100mL/min

polishing composition flow.

[0049] Each of the polishing compositions contained 4 wt.% colloidal silica and 0.08 wt.%
of the potassium salt of 1,8-AQDSA and were adjusted to pH 2.2 using nitric acid. Polishing
Composition 1A (comparative) did not contain a second metal polishing rate modifier agent.
Polishing Compositions 1B, 1C, 1D, and 1E (invention) contained 25 ppm, 50 ppm, 100 ppm,
and 500 ppm of hydrogen peroxide, respectively.

[0050] The removal rates (RR) for copper for each of the chemical-mechanical polishing
compositions were determined, and the results are summarized in Table 1 as averages of

multiple polishing experiments.



chem cal - nechani cal polishing apparatus. Different

types of CMP apparatuses for chem cal mechani cal
w@oiosstidiny are well known in the art. Typical | BCT/Uk®07/018980

CWP apparatus conprises a platen, which, when in use,

is in notion and has a velocity that results from

orbital, linear, and/or circular notion, a polishing

pad in contact with the platen and noving with the

pl aten when in notion, and a carrier that holds a

substrate to be polished by contacting and

movi ngr el atlve to the surfa ? of the polishing pad.
The pol i shi of the substrafe pl ace by the
Table 135 (lopperdtem mtwwﬁm 8 QD%}%ggﬁ Ef;ég polishing

Poistiingnd a |CVP Bfdnf®@®mi on desclﬁmrel 1 akd KR&Amin)

Conmositivgr t he polishing pad rlelative to the dubstrate so

1A (caaspdratiedr dde at | dast_a partion d-O0the subistratelBf

1B (ipokntidn)t hg substr2ase. [0042] A sub3trate dan be 230

1C (imvem@m)zed or pol fghed w tih a CVA.Sonposi tli on_as 326

1D (FRektidd)€d [Nerein 1o ng any suitakd.e polishing pad2i

1E (fnFeflion) POT|I SNING spdr T ace) . ‘Sui t ablhe pol 1 shi ng pazise2

rmctudé,for exanpl €, woven and non-woven poli shing
pads, grooved or non-grooved pads, porous or
[0051] norFheoesuts ipdigste thstdnemesing the hyNprgsoRsFoxide penggpEation from 0 to 15

Lol Aiizhabl e pol ymer of
mMmCPeasesst%g%glel%y t?f‘aﬂg%ﬁgf@;dg?% %ﬂgknes}s conpressibility,
ability to rebound upon BRRR% bon, and conpression
nmodul us. Suitable polyners i nclude, for exanple,

[0052] poI This mydmpilecolemstrpe* theiefifiekctivansss @lﬁaduah}nmi polishing rate modifier
agents, B8P§ é%%&%‘% aSQ/ & gﬁarégt%pgélgﬁ’h)llr%ﬁay gx?xggig}?gg«lg%f%gﬁé%)@tsﬁum iodate as

a secon@ hatAltpolishiag rpelny@tifipydgent in pofidring sulptratis costairtieg tofalum and
and m xtures thereof. Desirably, the polishing pads
COPPer-yseful in the CVP nethod are pads conprising

[0053] pOl Siﬁ'ﬁﬁi' ma%@bbﬁﬁﬁﬁmg[t@&ﬂﬁﬂm e c@Per slerarpolizhedd onam Iawsitech

wbletorap s wiasa AP0 pelidhpemsd FiB i Arren GAF g PRDSILgnd (Polishing

Compo§ift1bﬁ§‘2ﬁVK'I)d etheNB6PsbIRItRns e 163 Whhipiged ls;iﬁéd 1 10 rpm carrier speed,
fectivity due to nechanical factors,

1.58 pss@rmm & foraeapereandahd Bt (bh PSPARBRIPIGet Tor Ban&fc‘l“é‘nand 100 mL/min
pohshnf%&%rﬁf&t?oﬁﬁ o®0l i sh using a hard pad because hard pads

onger, thereby lowering the overall cost of th
[0054] pr oGadisaf tﬁhpoldgmg;mmmlmqr@rpogfamq@ WETe ﬁqlicgﬁalrpgy:abg 08 wt.% 1,8-

AQDS/gsed %Ot I“ ch‘olélgﬁt{ R?sanﬁow de Httb ?Plai V\% with mtnc acid.

resp ect1 vi en used
Polishing Cbnipasmiop ads(cohﬁﬂmh]ve)mld 1@yRonteinposicond medsal nofighing rate modifier

agent. i’oﬁghmg 8ompo 1t10ns d% (a ﬁven@%nf&%xﬂlnn% 2K %Sm addd IWm of

potassium jodate, respectively.

[0055] The removal rates (RR) for copper and tantalum for each of the chemical-mechanical
polishing compositions were determined, and the results are summarized in Table 2 as averages

of multiple polishing experiments.

Table 2: Copper and Tantalum Removal Rates with 1,8-AQDSA and KIO,

Polishing KIO; (ppm) KIO; (mM) Ta RR (A/min) | CuRR (A/min)
Composition

2A 0 0.0 | 620 150
(comparative)

2B (invention) | 25 0.12 726 233

2C (invention) | 100 0.47 696 321.




words, the CMP conposition of the invention may be
diluted at the location of the chem cal nechanica
w@oiosstidny, e.g., at the substrate-polishing pedr/us2007/018980
interface. Any suitable dilution can be used. Dilution
is done by adding an appropriate amount of a suitable
liquid carrier, typically an aqueous diluent, with
adequate m xing, to a concentrate of the CW
conposition. The liquid carrier typically is water,
preferably distilled or deionized water. In such an
enbodi nent, the CMP conposition concentrate can
i ncl ude the various conponeﬂ?s di spersed or dissol ved
inthe liquid carrier, e.g., an aqueous sol vent such
(0056] 2° 1H2xEuts!;flaiB8 ¥l Snctbisnd fhliod i OBnclhlrbiidrP RoRI  Id'6:5 mmol
conposition concentrate with an a pr%frlate anmount
increasedfthé copped reraoval eate ie adinearfgsigon froow | Q&m 32%44nin. The Ta removal
rate i AL BRSO R il W tesc By SRERby ilicating that
the Cu refidhvaPitedéa beanged indepersien{lp Colthe TAsreuswdl agr.ei n i n
reference to the conposition and net hod of the
invention, the termtundXaMBMiEB8s to the ability to

affect a palishing rate of.a.substrate,conponent. .
10057 575t PR SSBBRBEHET BB Tnes ook BIeeh SR UG g modifier
agents, Qfink N%-SUYDHSAAP @ Firkt Aal Flishiipaay Wodifier aggni§15 MPRVMeagent) with

) concentration _of one of the netal §°"Sh'E%=ratZ‘ . ¢ difi
ither ppigsyiPmdpdaig f £ -diRYdroaNPenZgARent Pof Seont FiFiRA g fate moditier
agent (f“hﬁdlimt%eﬂ 1 B3 RinE Gub @t ResChtRRIng YARM b 418 doppes of

0 to 200 mn, the copper polishing rate can be ™
[0058] t urRithikar sehstrates compoOisimgtrrfaluzgnand FRPPFT NepoPqlished gn AMERRA

polishin?fatgf)ﬁg\&plfﬁa%M&Hﬁs?wﬁtﬁ a gte?/ i Frond tﬁ?\g@\@ﬁ?aﬂw&ttﬂoﬁﬁmng

I‘fnvention I's tuna one, 0, Of nore
compositidsl (Bolishisg Gpmipositions B4+ 3Q) éThemthel eanditionsiingluded a @3 kPa (1.5
N d CW? conposition provides greater polishing precision
psi) dOgR IQTR& substrates and greater flexibility for
[0059] POl E#dhi of ghépolishitgecamnijysstiatsesnthinddnigwidhedlbgdal silivg.and 0.08 wt.%

0046] ,The fql |l own es, further J.l.l.ustrate .t.h
Le-ACE S s G B St e Pl b g o
(compatHivaN furlhY cbhtdinel 03 W& YSBTAL . PR Corhpdsifi3B Tinivention)
exa%gle denpnstrates the gffectlveness of
i

contains@)p Hﬁ‘% BEAandZdnM 294 @ﬁl{p§ybqﬁlgpﬂ%m0ne. lg(%islhinngeég%position 3C
(invent%m% Q5:2hB8 qH! wenesT A8mdi e 94 ©. 4T hdMY BotSsshEatas

Irst metal polishing rate nodifier agent an

d : :
[0060] hy dFleyeemayet eresd BRadorcannes Aerl stamfir fachiafghe ghegical-mechanical
polishiﬂ?%rﬂfr&sﬁﬁcﬁﬁ%& defirmined, and the results are summarized in Table 3.

Table 3: Copper and Tantalum Removal Rates

Polishing 2" MPRM Agent Ta RR (A/min) Cu RR (A/min)
Composition

3A (comparative) none 532 25

3B (invention) 2.5-dihydroxybenzoquinone | 435 55.

3C (invention) ‘potassium iodate 431 37

[0061] The results indicate that the slurries containing dual metal polishing rate modifier
agents have increased Cu removal rates and slightly reduced Ta removal rates when compared to

slurries with 1,8-AQDSA alone.



pol i shing substrates contai ning tantalum and copper.
[0048] Simlar substrates conprising tantal um and
w@opper74aker e poli shed on a Logitech tabl etop ppdT/Ek®N7/018980
with an EPIC' D OO pad (Cabot M croel ectronics,
Aurora, Illinois) with different polishing
conpositions (Polishing Conpositions 1A-1E). The t ool
conditions were 102 rpm pl aten speed, 110 rpmcarrier
speed, 24.7 kPa (3.58 psi) down force, and | OOm./ m n
pol i shing conposition flow. [0049] Each of the
pol i shing conpositions cont? ned 4 wt. % col | oi dal
silica and 0.08 vvt.%ofgbm sium salt of
1, 8- AQDSA and were adju 2.2 using nitric

[0062] aCiTis XakipiidHofARAThE egébtivanésa@mamhbmebol@bhmmte modifier
contain a second netal polish |n% rate nodifier

agents, ySing S Dwgﬂ@@qﬁse@mq-l,ér@sm@mq@ld b3-ARB5¢ a@uﬂrﬁféhw@%yohshms
rate mocﬁﬂgxt %eﬂ? Qndg-? tg&mm 9P E a g&gnﬂ f&f@talgﬁ‘ﬂ*slﬁg rM&ifier agent, in

en per oxi de, respectively The renoval
polishing aumra(ceﬁl%))nfwungm@nmf@d qogper-of the

006y SUTHER BEGURELEoBEL 3PLOR SRR BEporeie e g

tabletopé;ﬁ)halvc&rvagem 11010l fdlishingppeti(Bhilely withptiffereonpelishittg eonpositions

(Potishir CGpe TGS AATE L ERE o Fordiiong g 1op AP gds ot Spesg 10 o
carrier sPERE OB 14 @B pspNddvii forddy and¥1i50 che/aﬁﬂsaohhianﬁtmmpunnail flow.

oot Lokl OO0 2200 M CXMERE B OO TS 01 k1.5

AQDS A Qlobs BhROBTAL SndBRIPH Ras agjesied to Osi Mglm&'imAPaHs}ﬁng
first netal poI i.shing rate nodifier

Compoq@mraééu(wmpﬁam@ did ngt catand sretnd mﬁ@?P@Fﬁ%g fatg godifier agent.
Polishin! @éitn%%e‘ﬁ; 40, '?m@Qb'% leRBiof}EstAiAbE $25 PHhaR 5B PEim, and 500 ppm
ant a um and copf 53J Simlar substrates

Ofpotasel@n‘pmldeten§SP%ﬂW& m and copper were polished on a

Lo 2 tBn@lheh R Q06 BOlHehERLkal-
[0065] glhteqtgﬁ iﬁ%} gﬁlt{?p%r |?E|érnégfdctgm§03| ﬁrons (Qggilel stﬁﬂlglngsl mechanical
pohshm@@npm@lsttlom wezeﬂdﬂ@)mnﬁh@ndm resultgianeisomenaized in Oabledm

pl aten speed, 110 rpmcarrier speed, 1.58 psi down

force for copper and 7.6 kPa ( 1.1 psi) down force for
Table 41 @ojppérand Pandal iR erhbval Rates with 1,5-AQDSA and K103

Polishing KIO; (ppm) | KIO3 (mM) | TaRR CuRR Ta/Cu Rate
Composition (A/min) (A/min) Selectivity
4A 0 0.0 186 65 2.9
(comparative)

4B 125 0.58 457 160 2.9
(invention)

4C 250 1.17 641 152 42
(invention)

4D 500 2.34 1102 229 4.8
(invention)

[0066] The results indicate that increasing iodate concentrations from 0 to 500 ppm lead to
increased copper removal rates in a linear fashion from 65 to 229 A/min (R*=86%).
Additionally, the Ta removal rate linearly increased with increasing concentrations of KIO;
(R*=99.7%), but with a much higher slope (1.8 for the Ta removal rate as compared to 0.3 for
the Cu removal rate). Hence, with a polishing composition comprising these two metal
polishing rate modifier agents, both the Cu removal rate and the Ta removal rate can be tuned

simultaneously with different Ta to Cu selectivities being achieved.



pol i shing conposition flow [0054] Each of the
pol i shing conpositions contained 4 w. % col | oi dal
w@ 008027420, 08 Wt . % 1, 8- AQDSA, and 500 ppm PCT/US2007/018980

benzotriazol e (BTA), and were adjusted to pH 2.2 with
nitric acid. Polishing Conposition 2A (conparative)
did not contain a second netal polishing rate nodifier
agent. Polishing Conpositions 2B and 2C (i nventi on)
cont ai ned 25 ppm and 100 ppm of potassi um i odat e,
respectively. [0055] The renoval rates (RR) for copper
and tantalum for. each of th? chem cal - mechani cal
pol i shi g conpositions m erm ned, and the
results are summari zed i as averages of

[0o67] MU I‘I‘hisoé)&:r%% HERbAGrafSRBE LB venesbfT ddaPmefal pSlishiiirate modifier
Tant al um Renoval Rates with 1 8--A DSA and Kl O3] 0056

agents, U3meg l,ésﬁQD?‘SA azlh st @qtﬁmolﬁshi@géatgim@diﬁ%age@ag} 1,2-na]phth0quinone-
4—su1fon‘r1:<g zrx]ccics gﬁ@tﬁ)oag.afsreggq&ngﬁl 8?155}1?‘1{%#%% Rlodffie: %geﬁt,hgx Z%&féﬁﬁfg substrates

nmo ate in a l'i'néar“tashi rom 150°to
containiAg dntaluibhendi@ppernroval rate did not correlate to

i N¢reasin | O3 concent rati | ey: :
100681 YB3 TRSESE PHEPTREE ER Bl Sopbar i BHEhS! pn o Logitech.
SR I T SO R et e g g S

L B e .
Compoiigts HAH): Jor SN G RPE W] 11 T BYB Gevlhel o Slrer speed,
9.31 kpd (B39\E5PAowa forck] &ifd 1 TRMA/mBpOpdlBhinggongiositiondidw.er

agent ( 1st. MPRM agent) with eit ho9r ot $3 .umg(Pdat & icle si
[0069] o Each baliFyar 6aPBeRIey GPHBNEd 1oveocalgiT Rliea o0 i paricle sizo).
0.05 wtlof lt)f A SRS 4161 1,84 QPSAN hnd 2000 HRRBPYAId) theiphl was adjusted to

pol 1 shing substrates containing tantalum and co%éécondmetal

2.2 witlf WioBBycidi Rplishing (BBwPsitien Sdoiepmparatiye) digiaat GAR'a
po]isMx%%g%ﬁ#%(gﬁ%g?@k.gfgﬁ%&%‘cam%ﬁﬁéﬁs pB! 56 Ninass1H Gakention) contained

h a Polytex pad from Rodel with
125 ppmij I50gpemt andd100gipiom gf NQBre gespestivelyPol i shi ng

Conmpositio A- wenl 1 i ' .
oo7o) SO BEERGFREBER) ek Bl GRAH KB P il mechania
polishinpongvishipne ergpo déteimined candtthe nesultd avetsudsroariediin dlable 5.

silica and 0.08 wt.% 1, 8- AQDSA, and were adjusted to

pH 2.8 with nitric acid. Polishing Conposition 3A

Table 5{ CHEpeF aid Yaitalutt Rbebvalaites with 1R-AHDEA MnBNVOSA

Polishid®! | SNGEAONPOSINGSA 3B (il méeRR 1 on) | CuRR Ta/Cu Rate
Composition | (ppm) (mM) (A/min) (A/min) Selectivity
5A 0 0 669 36 17.6
(comparative)

5B 125 0.48 745 53 14.1
(invention)

5C 250 0.96 814 221 3.7
(invention)

5D 500 1.92 | 802 721 1.1
(invention) ‘

[0071] The results indicate that increasing amounts of the second metal polishing rate
modifier agent, NQSA, ranging from 0 to 500 ppm, correlate with increased copper removal
rates in a linear fashion. The removal rafe for Ta does not correlate with increasing amounts of
NQSA at the levels tested. Hence, by using a polishing composition comprising these two metal
polishing rate modifier agents, the Cu removal rate can be tuned independently to that of Ta,

achieving Ta to Cu selectivities ranging from 18 to 1.



contai ned 0.04 wt.% BTA and 2 nM
2, 5-di hydr oxybenzoqui none. Polishing Conposition 3C
W@ povseet4eon) contai ned 0. 01 w. % BTA and 0. 01 RET/¥52007/018980
(0.47 mV) potassiumiodate. [0060] The renoval rates
(RR) for copper and tantalumfor each of the
chem cal - mechani cal polishing conpositions were
determ ned, and the results are summarized in Table 3.
Table 3: Co er and Tantal um Renoval Rates [0061] The
results indicate that the slurries containing dual
nmetal polishing rate nodifi agents have increased Cu
renoval rates and sli gh%ggﬂiigd Ta renoval rates
when conpared to slurri 8- AQDS A
[0072] a' %@s SN Bedhoh QPR thE REfsctVEREI &F diRNBRE Halisting e modifier
fectiveness of dual netal polishing rate nodifier
agents, a‘gm\ﬂ S-AQDYy a9a f@stamthlrﬁéﬁhWétel modifies ageh And vagging amounts of
Q%@?& t bldAlfier agent, in
2,5 dlh;d%m??f 'i\an pota gglljéu gg% emgs&gl)%(g?g% pﬁg%}gflggégl FﬂShl ng g
pollshlrrgzsubstlmch ¢qn$mmangéﬂmtalunnarp;£b¢qm¢r ng substrates

[0073] @‘a' Al Bl tg‘%% \?v!afsélggngﬁ  SORREH: cokgs%ﬁ%cﬁlﬁbb@/x) Ta (250A), and

TEOS (soxbo,fsmdt Ioad sech @uéviewdty palndhed opitipotopgive polistting amposmon to clear

e conb S RS B PSRl b RS i o

(Apphegmﬁbﬁmgp@rmrsec&ﬁg rpm pl at en speed, 110 rpm carrl er

spe down force o
[0074] poIEr iof &%Eéﬁglﬂgt‘f qSFt S °[’6’@WF 4E‘§E fhﬂ‘?f‘é mhca and 0.08 wt.%
1,8- AQD@A %H&ﬁwe m@aﬁﬁ,teul 8N Gk AitAedci, Polibhifig Conpisitin 6A

lica, O. % 1, 5- AQDSA, .. 1000 ppm BTA, andtqg

(compasoe@yeh@qdu@t é@ntﬁ’él psegopd metal pplishing s#tp dodets agenh Folishing
Compogﬂmi){@ (f rb# ?ﬂmﬁfo?ﬁ cdRthindh 0n, CI@Otp%h‘U afd 360 PP of 2,5-
Ing rate nodifier Pol i'shi ng
dlhydro@ﬂptb@mo@ngma regigetiyely- 4mall plising APEEHPRY teeigd the conditions

were Su@g‘g}em ? V%F){}].e -Fzgg.géﬁ%ﬁ.‘mrof pot assi um i odat e,

espec he rermoval rates (RR) for copper
[0075] an dl‘ltmtm:lvakmate;sr(RBadhr afppehandc RE@Sdat € #h¢ ekgmical-mechanical

ron SR S TR S Al T,

Tantal um Rempval Rates with 1,5- AQDSA and KI G [0066]

Table 6, Kt ad TEERH G s wmbww@b%m

Polishing DHBQ (ppm) A/mn) TEOS RR (A/min)
Composition

6A (comparative) 0 58 231

6B (invention) 50 , 135 239

6C (invention) 100 144 250

6D (invention) 300 302 254

[0076] The results indicate that with the addition of the second metal polishing rate modifier
agent, 2,5-dihydroxy-1,4-benzoquinone, to a polishing composition containing 1,8-AQDSA, the
copper removal rates can by tuned in a large range. The results further indicate that the oxide
rate does not change significantly.

EXAMPLE 7
[0077] This example demonstrates the effectiveness of two metal polishing rate modifier
agents, using 1,8-AQDSA as a first metal polishing rate modifier agent (1** MPRM agent) and
ammonium persulfate (APS), potassium triiodide (KI3), potassium permanganate (KMnOy), or

I,-malonamide; as a second metal polishing rate modifier agent (2™ MPRM agent).



i ncreased copper renoval rates in a linear fashion
from65 to 229 Almn (R2=86% . Additionally, the Ta
WO egmMzi42r ate | inearly increased with increasiPQI/US2007/018980
concentrations OFKIO (R2=99. 7%, but with a nuch
hi gher slope ( 1.8 for the Ta renoval rate as conpared
to 0.3 for the Cu renpval rate). Hence, wth a
pol i shing conposition conprising these two net al
polishing rate nodi fier agents, both the Cu renoval
rate and the Ta renoval rate can be tuned '
simul t aneously with differegg Ta to Cu selectivities
[ achj eved. EXAMPLE 5 [ 0067] .. This ex -y
(0078} GeiFBRS Fod Goreh BloeKs SEA PrrOHs SOBHAh N & MIRRA TSl ishinggoo!
(Applied R’f %\Iﬁ'ﬂ?ﬁ 1Q96TY Solishilgshdlwn %t%h@hﬁmgrcﬁinpﬂﬁh@hs

g rate nodifier agent and 1, 2-napht hoqui none-
(Pohshndg §ohfpomlonaaAd71@N$A9 togk C@dst@wnﬂerﬁépa |rp1§d?1?f§h spepd, 97 rpm

carrier se (ﬁ lqufa (ﬁa n?ﬁfgch]ﬂ% Ecgkcg %d%mflo@gg]w‘gﬁ‘ﬁ? composition flow.

arning copper
[0079] sulEath abkshingonpesition tentsiabd mvetrtd colipp]e} silies, éJ 08 wt.% potassium

salt of I%O}A:qigi/g ora' i(ﬁ‘ I}fg“ Felcdﬂt]wa"?ﬁi’%}’ f\née?so Iilg tovyhﬁ U«nﬁ\ nitric acid.

Pohshnf‘g@ﬂlﬂﬁntsﬁﬂx&ﬂ%A((E&hpa’ﬁnV@ dié rpoOSontain as;e&ihcﬁﬁ)atal p’bieslmlg)n‘ate modifier

condj ti ons t d 1
agent. Eqlabine Grmosans 7 3t Py RGP Einets g B SRf 2HfY pom of
APS, te&%lch'sél[yn @ ol SMRE TlokipdRitione WD z{rﬂoﬁ@hnﬁmimnp ebntainicd goo ppm and 1000

nposition_contained 1 wt.%coll ica
ppm of KRG Fespertiesly. Poleing Coppsifings 2% 34 20 & {ripontained 50 ppm

m&? RIWEY fhaddBY niikih 1 Aidjad ShfAint of KI and
and 150#3)%}_. ﬁaﬂﬁlﬁ){gﬁ%m d. P0|al sh ?n ) Cogrir‘;i{;l i@?l onl 5A Ho "
I as a 1{c ompantete i Jvagirdrivs to addition f egRlighaE remrpsigen; Balithing

5C,
compos{iR TRl 86fBined 30 el oo ’@é’p mﬁ"“‘z%‘e’%f’%%%? and’ 500
{0080} pprﬁ}mfrem rateg {RBY fornvaspper a[xm!(j]?@@ Torceachmi tog chemigal-mechanical
or. CO t
potisiy S iR SRS 2B 80 B S by el
determ ned, and t he results are summari zed in Tabl e 5.

Table 7, Gpapes S S TN R

Polishingycr eaq |2ngl\’1;ap nts GCOPRETANOBN ﬁﬁ{R} (%/"anln hi d?%%“e

Compositign { | grASEENt  NOSAPBBhgi ng frbm 0 to-500 min

7A° correl dt"®MQith i ncr¢ased copper F 8hoval rat es

(compartativehr |f ashion. Thelrenoval ratelfor Ta does lnot

7B (invemtand| 4tAPSi th i ncr 48P ng amunt 583f 230

7C (invention) | APS 2300 343 343

7D (invention) | KMnO4 600 888 174

7E (invention) KMnO, 1000 072 177

7F (invention) | K3 50 346 192

7G (invention) | K3 150 433 93

7H (invention) | Ir'malonamides | 20 (I2)/50 197 -
(malonamide)

[0081] The results, shown in Table 7, indicate that the addition of the second metal polishing

rate modifier agent increases the copper removal rate over the base polishing composition

containing the 1,8-AQDSA alone. The results further indicate that the concentration of the

second metal polishing rate modifier agent can be varied to tune the copper removal rate as well.
EXAMPLE 8

[0082]) This example demonstrates the effectiveness of dual metal polishing rate modifier

agents in the presence of a halide ion.



NQSA at the |levels tested. Hence, by using a polishing
conposition conprising these two netal polishing rate

wore@sf2ae1 agents, the Cu renoval rate can be tReEUS2007/018980
i ndependently to that of Ta, achieving Ta to Cu
selectivities ranging from18 to 1. EXAMPLE 6 [0072]
Thi s exanpl e denonstrates the effectiveness of dua
netal polishing rate nodifier agents, using 1, 8-AQDSA
as a first metal polishing rate nodifier agent and
varyi ng amounts of 2,5-di hydroxy-1, 4-benzoqui none
(DHBQ as the second netal lishing rate nodifier
agent, in polishing substraﬁg

] s contai ning. tantal an
[0083] coSismper Plopie[watpriwerp Pphished Mt MIBRA Y Relishinednrk @ ticd
vineio U 110104l S8R5 i, i SR Conositons
8A and BB).i The npl conditiens were 103 imeplatentspeeds Sfapm gosrer speed, 10.3 kPa (1.5

. oLi she ' .1 S i:f:] A-6D on a M RRA"
psi) do“%b*olr%?‘l |aﬁ% ‘ng 2? II‘D% gﬂ‘@g“%g{;@??%flg? ﬁ? BV? 60 seconds.
[0084] \[Mo Q’;ﬁ]gléiﬁg@bém?osit.hﬁsm mmds% gégm\'l\ngdosj Zt.\g@ua@d:l ailiq:ﬁdS(ﬁ) ppm BTA,
an 40 > B8k g Shed 8 R0AF B Recag o B O e ("
[o0ss] Co %@Eﬁhﬁig@brﬁﬁos(ti‘&?m rfﬁxglileft_e;))nﬂirﬁedl tOIOSomr%aifrthapmm salt of 1,8-
rate _nodill er agen

nmet al _pol i shj lishi . .
AQDSACHHE A PPTRs THRrerBeaL 516 BTSPPRG BT 1k Bbh: L afalide anions
as a sechﬁ’dﬁnem Qoﬁlﬂﬂgg gd’ﬂéi R0 REeaf (sdctbas io_dideI anionls) in conjunction with a

i roxy- 1, 4-benzoqui none, . . .
frst mefgl PHUTHINGrasb AGUT At (Cdh S LD A v st gl polish
copper Méihgg%{)sﬁﬁes%&ﬂfmﬁa{ﬂ@d tEAhE Ledbt Higly WAk %etal[ﬂwizﬁi}l]g?ﬂt% modifier

renmov rates (RR) for copper and TEGS for each of the
agent. chem cal - mechani cal polishing conpositions were

det ' i '
8 $aR5 poihfhel E5mbEGHbA SBUCREMHERS WASA o'l STARIFS R and 500

[0086] Tabﬁe : y M-y a%; ?é@ &IV Al ai?iat es v‘\zftt)ﬁ 1, 8- A DSA an
ppm chivnshibiBeifl0 Th6retibreal reteifbt soppediveat 809 Bdmingi t h t he

addi tion of the second ﬁﬁkgkﬂﬁﬂébShing rate nodifier

agent, 2,5-di hydroxy-1, 4-'benzoqui none, to a polishing
[0087] CONTIds examplecienioastratagtht, cBfetRBkss ofdual oppa polighing ahte modifier

rates ¢ Qﬂ§¥ tuned in a |arge The.re .
agents, pipEf - Aty 2P ondl 1 maRaRe E ety aeE Rl sppgrrares
containigGhnthh@a iid YoppeXAVPLE 7
[0088] TEOS and copper blanket wafers were polished on a Logitech tabletop polisher with
an IC1010 polishing pad with different polishing compositions (Polishing Compositions 9A-9E).
The tool conditions were 100 rpm platen speed, 110 rpm carrier speed, 10.3 kPa (1.5 psi) down
force, and 70 mL/min polishing composition flow.
[0089] Each polishing composition contained 4 wt.% colloidal silica, 800 ppm 1,8-AQDSA,
and 500 ppm BTA, and the pH was adjusted to 2.2 with nitric acid. Polishing Composition 9A
(comparative) did not contain a second metal polishing rate modifier agent. Polishing
Compositions 9B-9E (invention) were prepared by adding various amounts of an aqueous
solution containing 1:3 Fe(II) nitrate nonahydrate:malonic acid. Polishing Compositions 9B-9E
contained 0.125 mM, 0.5 mM, 2.5 mM, and 10 mM Fe(Il), respectively.
[0090] The removal rates (RR) for copper and TEOS for each of the chemical-mechanical

polishing compositions were determined, and the results are summarized in Table 8.



[0077] This exanpl e denonstrates the effectiveness of
two netal polishing rate nodifier agents, using

WA 2@8AEBBA as a first netal polishing rate nodpdT/882007/018980
agent ( 1st MPRM agent) and ammoni um persul fate (APS),
potassiumtriiodi de (KI3), potassium pernmanganate
(KMhO4), or 12-nmal onam de3 as a second netal polishing
rate nodifier agent (2nd MPRM agent).[0078} TECS and
copper bl anket wafers were polished on a M RRA"
pol i shing tool (Applied Materials) with a 1ddO
pol i shing pad with di fferen; pol i shing conpositions
(Pol i shing Conpositions 7A- T toolls [tions

rhﬁﬁ’%l |

Table 83 Goppergadh LRaten wit a0Ds A ma BEE L °0
PolishingPa (1.5 pgie)Idb@Mor ce, éﬁﬁp&w@mﬁl}w &4 RRi(Agmin)

Compositherposi tign flow. [0079] Each polishing conposition

9A (congemitiehed |fone. % col | oi dal] 2381 i ca, 0. 08 wi % pot assium
OB (invémioh) of 1,/®.BXDSA, and 500 29pm BTA, and t hé5pH was

9C (invéffjonyt ed tl@.2.2 with nitrijdlacid. Polishind22

9D (inv&RIEYS! 11 g FA (conpar at i Vejs3di d not cont dil87a_ second

OE (invéftiony POl Siyg Ng rat e nodiilien agent. Pol i §ipdaag

Conmpositions 7B and 7C (I nvention) contalned 450 ppm

an i thé £ {dn\@h Yoe B8 b$Hk&DNnd metal polishing rate
[0091] Co%p%glg%l%ﬁg&g%e?ﬁ%ﬂ%E jﬁ@g\f/enti on) gont ai nedn6(r)l[(!.)‘3 pgprg e
modifienagent G0ihcppse te Gu/ragval satpend that the Commayl fgje can de tuned by

. St d 7G (invention) contained 50 ppm
varyme 1% %ﬁﬁ%%%%ég}ﬁ?espectivel y. The KI 3 was nade by
m Xi ng an equal nolar aBXAMPBE KA and 12 as a 1%

trate i t ' . Y o
0921 £SR3 e R Pl PRl b bl gridiner s e
metal pélishigiatOmpdifivn tagéntetd ahapiden(ivdideh asre decoad dntal gubishing rate

.. [ 0080} The repoval..rates (RR).for capper. and .
modifics ABFR YhepHESL HOR PR P CHTER LT (531 DG COBRBE T Erate
modifieMagéhtslet erm ned, and the results are summarized in
(0093] | e an RERPE-RARAHIBIcGh Wt RBHELORAQgded] abletop polisher with

ifferenk PblisHh £ Borh ﬁt'mw(zpﬁa' IiSkin A URRipdsioneasas10de copper
@ e gm%valé]ratgém;er he bage poplishi n i

[0094] corfasheif e polishingscongpsitions sRBtal WS Loi43] Slirgand 500 ppm
BTA, axlrx)% ﬁ*egﬂ-lﬁ Gak Iagius{ela% GONGAR hidi aefd. WolishmgSEanpskifitt POA did not

ng rate nodifier agent can be varied to tune
containtang addigipes. Palishing Compesition WeB|(invExigyPIEnEringOB93 Wtith 1.8-
xample denon 8, &hbartd furtigal 8 DEIBS A and 40
~Qps £ IE Ty ETRRTAA B 1R BELAFLINERESS G oML RSN w40 g
potassidialiodide.i on. [ 0083] Copper bl anket wafers were polished

[0095] on el\ger%%%;l &?ési (ilﬂ)r}gr E:(?p%ler %&%Lljl 8{;|the chemical-mechanical polishing

compositions were determined, and the results are summarized in Table 9.

Table 9: Copper Removal Rates

Polishing 1,8-AQDSA (wt.%) | Halide (ppm) Cu RR (A/min)
Composition

10A (comparative) | none none 100

10B (comparative) | 0.08 none 46

10C (invention) 0.08 40 231

[0096] The results indicate that the addition of potassium iodide significantly increases the
Cu removal rate when compared to a polishing composition containing 1,8-AQDSA alone.

Additionally, the data indicate that iodide ion may be working as a catalyst of some kind with



Materials) with a 1A O polishing pad with a

pol i shing conposition (Polishing Conpositions 8A and
w@B)s/oThel t ool conditions were 103 rpm pl at en BEEESZ009718980

rpmcarrier speed, 10.3 kPa (1.5 psi) down force, and

200 nmL/ m n polishing conposition flow [0084]

Pol i shi ng Conpositions 8A and 8B contained 4 w.%

col I oi dal silica, 500 ppm BTA, and 40 ppm potassi um

i odide, and the pH was adjusted to 2.2 with nitric

acid. [0085] Polihsing Conposition 8A further

conprised 0.08 w. % of the ?‘Et assiumsalt of 1, 8-

AQDSA and 20 ppm [2. Th | rat
1,8-AQDSA. Hanbih 1A QRBAGIOREH FECHAFOMRP: o Ho 280 R s of very

small axfl&’ﬁﬂtéb% {5%ideAbf, %ﬁﬁg&;ﬁo?ﬂﬁlﬁm(ﬁﬁﬂéte@%ré SieBRdani ons)

n-conjunction st netal polishing rate
modi fi er agent (such asEXAMREBBSA) can nore

ef f.ectivel [ [ L . -
00571 7354 b BRSPS oSOl o MBI Apcttin conining
two metabpolisheig agembdifled@g&its Giherdimil SyAQREA shtha dirst metal polishing rate

... Co iti .8B. i ned_Q, % . .y
eSS B R h EB 1 st
composkfficoildihing teSMELIEpRishGie mMbdifieeagam addehalivistion aes third

ol i r at

metal p%lgqehiqegf {g?g élig\é'e %?Eﬂg i ( gr%%rgﬂ%%?%ﬁh gstpl? ggst ﬁeit%l)polishing rate
modiﬁegggt?ﬂ,?&_ﬁox{oﬁtﬁ(cl z%ci(li {s'¥hy S%Qonﬂ Angisll ﬂo‘ii@icl)iihg ratehinddifibeagent, and iodide,
) al nin ant al um an . 88] ,TE )
coia o s Bl S5 E9BCL kDSl TSR, S0 G it
agent, ifggﬂiitﬁl%a%ﬁsl@ra%k:drﬂign@ dgﬁ#élﬁhi ng pad with different
o)

conpositions (Polishing Co L 9A- 9E) .
[0098] TheConpst blanke W@@F%W%rpg’lliw qwgﬁ%%%@ﬁ%’g’gfohf% ‘i‘%’iﬁ?n EPICT™

D100 Y1 NFRERertics KBt ot g g oot

Each
(Polishipg| Catpasifiarsiidei tKb nTh@twh'pwuﬁqnw.en%l@blrpm piaten speed, 110 rpm

. sili 0 1,.8- , :
B
[0100] Conpahi dfithepAishirgpepapasitioes)codiathaiot webnecellaidal sfiwaohd wt.% 1,5-

met al _pol i shj r gt di fier t | i shi . .
r0s Eoial RS 08 8o B Sy P23 bk . e
1,5-AQUHA GMS padpatsdl forafth@soditmealt¥TCI America, Portland, Oregon) and passed
through an ion-exchange column packed with Purolite NRM-160, a sulfonated polystyrene resin

(Purolite, Bala Cynwyd, Pennsylvania). Polishing Composition 11A (comparative) did not
contain any additives. Polishing Compositions 11B-11D (invention) contained 0.241 mM
potassium iodide, potassium chloride, and potassium bromide, respectively. Polishing
Compositions 11E and 11G (invention) contained 5 ppm KI with either 100 ppm or 400 ppm
chloranilic acid, respectively. Polishing Composition 11F (invention) contained 13 ppm KIand
250 ppm chloranilic acid, respectively. Polishing Compositions 11H and 111 (invention)
contained 20 ppm KI with either 100 ppm or 400 ppm of chloranilic acid, respectively.
Polishing Compositions 11J and 11K (invention) contained 40 ppm KI with either 100 or 400
ppm of chloranilic acid, respectively.

[0101] The removal rates (RR) for copper for each of the chemical-mechanical polishing

compositions were determined, and the results are summarized in Table 10.



solution containing 1:3 Fe(lll) nitrate

nonahydr at e: mal oni ¢ aci d. Polishing Conpositions 9B-9E
weowsated 0.125 mM 0.5 MM 2.5 nM and 10 nmWwEE{5100)/018980

respectively. [0090] The renoval rates (RR) for copper

and TECS for each of the chem cal - nechani cal polishing

conpositions were determ ned, and the results are

summari zed in Table 8. Table 8: Co er and TECS Renvoval

Rates with 1,8-A DSA and DHB [ 0091] The results

indicate that the Fe(lll) ion can be used as a second

netal polishing rate rmdificgli agent to increase the Cu

renoval rate and that the renoval rate can be tuned
Table 1¢5y CoppsyiBamoveb RalfScent ration Fe(ll]) . EXAVRLE 1

1=

10— .
Polishing0092]  Thislidsxanpl d Haifs®pmit ek Chitsanilin dcif J(GERR (A/min)

Composgfiérect of an organilc oxi di zer ag(Ppm)i r st net 4l

11A  pol i shi ngnoret e nodilficexe agent apdoze hal i de (i|ctfi de) as
(compamatisecond| metal polijshing rate npdifier agent |when used

11B (invéhtianpol | Khi ng conplotl tion cont ghomeig t wo _net|ed3]

11C (in¥&ltion)| NDKCRt e nodiffiger agents. | ho@d3] TEGCS dril copper

11D (inPLAURST RBeT S Wereg ool shed on| aoh®gl t ech t gbliet op

11E (inVilitlony'cT | BA LN OI TT@r&nt pol T Shi Ngogonposi 1 o334

11F (in% ‘tibh)’m ﬁuonposu s 10A-10C 250 0094] Each a2 the

11G (indGatlon)’ "PK3 OMPOST 7 OFTS™ COM arnetizgoWr . % col T qifigy

11H (ingintiery. & TKlJUU ppm ?(‘fc and—tte %b%b d(IJ ust 65?@ 2.2

PP D

Y —TH—t —-aC10- ‘bu1ng Cott tTon 1UH Iézgﬁn
lll(mvgnh}?l;); R addi-t+ V;Zd Pet-shi- n\IHﬁbnpu:n tHon
llJ(an{ep%QQﬁfl h cont-ai D0 0wt n/ﬁlbﬂ _ACPSA

ot T OO0 vV . /U 7‘\\{.}\)]‘\ rlﬂa’\hi ng
11K Gventiondi + | K4 100 (.;‘F TREDCRNNA T MDA 7

\"A A" vO .~ /70U

1, 8- AQDSA and 40 ppm pot aSSI um i odi de. [0095] The
[jo102] ' enﬁ@ljefﬁl%ts‘?ﬁw( tIBB)Kf ‘KCP ﬁﬁ&’ KBriiférefRAhe Cu reM@val rates over the base

nmechani cal po I shi ng co ositions were

pohshmmmmsnm Fawthermere; thauadditiograf ikie 2 and Kpfjawsgeven higher
removal gfl S, & d aﬁ%ﬁ? f?n? | e RRVEE: fa {3Q3R be S&%e@@ﬁ&' lvﬁl%'mg the amounts of

t|on of potassiumi od
KIandslnlgmnilm:amdl y |ncreases the Cu renoval rate V\,hen
conpared to a polishing E{L Hn contai ni ng
1, 8- AQDSA al one. Additi onal e data indicate that
[0103] | OdTIge ekan mnmsmkﬂmgafﬁsnaem afgnsot mefal pohishikg raje modifier

agents eg@pzbéqjs A}gjﬁg@ép me?l%% R(%lghlélg é'gtA gngA a\x/géanp thsm%xl' 9 X(?DSA as the first
metal polishing rate modifier agent, I» as the second metal pohshmg rate modifier agent, and
potassium iodide as the third polishing rate modifier agent, in polishing substrates containing
copper.

[0104] The polishing conditions were as described in Example 11. Each of the polishing
compositions 4 wt.% silica and 500 ppm BTA, and the pH was adjusted to 2.2 with nitric acid.
Polishing Cdmposition 12A (comparative) contained 800 ppm of 1,5-AQDSA. Polishing
Composition 12B (comparative) contained 40 ppm KI. Polishing Composition 12C
(comparative) contained 20 ppm I. Polishing Composition 12D (comparative) contained 800
ppm 1,5-AQDSA. Polishing Composition 12E (invention) contained 40 ppm KI and 20 ppm L.
Polishing Composition 12F (invention) contained 800 ppm 1,5-AQDSA and 40 ppm K1
Polishing Composition 12G (invention) contained 800 ppm 1,5-AQDSA and 20 ppm L.
Polishing Composition 12H (invention) contained 800 ppm 1,5-AQDSA, 20 ppm I, and 40 ppm
KI



smal | anmounts of iodide ion, significant copper
renoval rates are observed. EXAMPLE | | [0097] This
wex@sptr2denonstrates the effectiveness of a pPCT/BRIoNT018980
conposition containing two netal polishing rate
nodi fier agents wherein 1,5-AQDSA is the first netal
polishing rate nodifier agent and a halide is the
second netal polishing rate nodifier agent; and of a
pol i shing conposition containing two netal polishing
rate nodifier agents and a halide ion as a third netal
polishing rate nDdlfler wherein 1,5-AQDSA is
i

the first f{rﬁ‘t al Shl n aacﬁ&qﬁl' g@q{&@ﬁp}ﬁ,&c}}agp@l polishing

[0105] (hiTsesemPY %téf’ fHJ@P

composf@igﬁé (n)e?é dé8Sfihed, %@ th@£isHRs areRbmAzed 3 Tableam. de are
halide ions that represent the third netal

pol|sh| ng rate nodifier agent, in polishing a

Table 1 £VESHEA FentsVal RaftisNd copper . [0098] Copper bl anket

Polishinia! ©f S & SiTe ogi I gc {erop T Eﬁe(fA/min)
Compos};}énr],?n(v m 8 H @ Iég%?%g cro ectronl ¢s,

AT O | IFUI 5} I UITIEI ent | Dl” g
125 comosi PPBRs (Pol i shl nge Conposi t IIIRHs AT | h\)].24The

(Compaﬁaqxl r‘l‘\nrll 1'4 SRS—WeF

i on

128 Jo—pin |JI tI;GII peet—= ¥ pT
carrlernQB%ed 103ﬂg>a 1.5 psi vvnforce, and 80

(comparghiye) polishing-copposi Slnm?l ) [6100]

12C  pol i shi #gN€ onposi t i pﬁgm?:ont ai ned zowt % col | orjlj”ZI
(compargtiveea| 0 2 wt %1 _b- AQDSA, and_the

12D pH was |#8Pusted to PN9N%sing a il The
(comparhti8e)AQDSA was prepared fromthe isodiumsalt (TCl

12E  AnericgnoPert|and, (#gon) and pad&ed through
(companatine)ex&hange col um| packed with Purolite NRWI1 60, a

12F (ineemkiban4t8@0 pol ystyren® resin (Purwéiet e, Bal a |Gflwd,

12G (inPenivy || 8a0i a) . Pol i shomg Conposit20n 11 A (conp2@9ati ve)

12H (inVéddionyl spontai n any)addi tives. Popdshing Conp@87t i ons

—ITB-T TD (1 nvention) contal ned 0.241 nM pot assi um

[0106] ! °merestﬁ@tlﬁ&%bﬂé%&%&é'léjﬁsy&?ﬁist@@éﬂé&ldﬂ BoMbAhE K] and another
respectively. Polishing Conpositions 1IE and 11G

metal pglishingrateompdifien eaerie & o5 expnplr) thaipelshing Frip fards! pifhe sple metal
pohshmég'gtegg&‘hﬁm Q%e%@ Elbd&ede‘%r ’IO\KI *SREGHIrNiRS Yavepefée' lgb' %ln) The rate for

I nvent cont ai ned ppm
1,5-AQDPSA epqcﬂn: sblleanetal palishing rate me@ﬁ@t agepg pvo Sb@w% HFIB(dOW removal rates

(averagwﬁ&m&mﬂ%\& %%@f&% it Xg%,%ma&ﬂ)wxaﬁp*samﬁwga eater than

t her ppm or orani |1 c acid,
additiver espast foarcthy removal rate (average of 261 A/min). The results also indicate that

there is an increase in the Cu removal rate when I, is added as a metal polishing rate modifier
agent. However, at the low concentrations used in this experiment, the removal rate
enhancement is very low. Only when I, was used in combination with KI were the removal
rates significantly enhanced.

EXAMPLE 13
[0107] This example further demonstrates the effectiveness of a first metal polishing rate
modifier (1% MPRM) agent and a halide as a second metal polishing rate modifier (2" MPRM)
agent in polishing substrates containing tantalum and copper.
[0108] Similar substrates comprising tantalum and copper and TEOS were polished under
the polishing conditions described in Example 11 with Polishing Compositions 13A-13H. Each
of the polishing compositions contained 4 wt.% silica and 500 ppm BTA, and the pH was
adjusted to 2.2 with nitric acid. Polishing Composition 13A (comparative) contained 0.2 wt.%



Pol i shi ng Conpositions U and 11K (invention)
contained 40 ppmKI with either 100 or 400 ppm of
w@ehdosnzmel i c acid, respectively. [0101] The reP@/EE2007/018980

rates (RR) for copper for each of the

chem cal - mechani cal polishing conpositions were

determ ned, and the results are summarized in Table

10. Tabl e 10: Co er Renoval Rates [0102] The results

show that K, KO, and KBr increase the Cu renoval

rates over the base polishing conposition.

Flu:rtherrmre, the addition o glchI oranilic acid and Ki

al |l ows _even higher . .re al tes, d a._l r e _.of
1,5-AQRSAr diptisHine CRBONLANSIE ERLHP GoBtainpd bl Yot Ot Reigipgne-2.6-
disulfon® adfl (285 GDISAN AU 2i0Gpas, 4. prXAMELIB0ppnt RIORbpetkively. Polishing

exangle denpnstrates the effectiveness of t
Composifinn $HE A

enteined Onhouwt Ve Oz QRS andoQppmm ity ePV@gsggltgt magositions
13F andgs%‘cf‘h%rﬁglhgétb!znlgtt%ai,swaﬁsﬁ& £id AUBH K Usid"00lppin RDRApectively.

. i _poli'shing rate nodifier agent, | as
Polishingi@ompaesitieh W gpnjeiiaddh? miy % diSeARBHIA pod 48 gem Kl.and

pot.assi j i sha nsTo I W ‘a1
0109 B0 IAR Hoashled (RAY ol oo, s, B PACSPAE SHALA hé Chomical
mechan{cll pdljshiipecopapasiivnsgvare deietbired, sk the assults oy suseriatized in Table
Exanpl e 11. Each of the polishing conpositions 4 wt.%

12. silica and 500 ppm BTA, and the pH was adjusted to 2.2
Table 124 Coppéd Thstahen hndAEOS RenyvebRpiesi tion 12A
PolishidgCOMPRIAMPRY Cdridideed S800THOB RR 1, SCARIEBSA. TaRR
Compodi@bh ShiBentConposgi tion 12B ( cAsmiayat i vieQA/arn} ai nedA4fin)
13A PPM Ko oRpld,ShIMghdmenposi 1008 12C (copar at i ve) | 1039
(compafzR0ER| 18da@Pspm | 2. Poli shing Conposjtion 12D

138 (CONMPEp gLl g C K00 18pM T, 5- . Pol'i §hi-ng
(invenﬁwposbk';ﬁﬁljh% (1 nvVention} contained 40 ppm Kl jand 20
13c_ ppm O.I(ff‘g/—b'“ ajen 119 Ole W n% jron) |
(nventi§S)" 2| DA BYR pAM 15" ACDSK"and 40 ppm KI. Pol i ghi ng
13D OO T O LTZ°0C vclﬁl1 1I. mrari1mtcu ] PP —

: 1,5- ‘Ma g 1S9RP™ B il €AP ng Comppi tion 12H
(inventiph),, g he S?ﬁ%%‘éf aid§od 800 pﬁg«%%gS ACESA—20 ppr

13E  and 4bOgpmi% . [ qibPeid al g
(inventipp} quI%-A'?%QD > Ichem - ] i r|at Sss_?l?s)n;gr ngper
13F  conposPildaris¥over| ettt ned>7and t he| $&ults arle/’!
(inventig F 25eQDSA bl e 11

13G 0.2 wt.% 100 ppm K1 | 252 281 1051
(invention) 2,6-AQDSA

13H 0.2 wt.% 40 ppm KI 228 402 -
(invention) 1,5-AQDSA

[0110] The results further indicate an advantage of using a halide as a metal polishing rate

modifier agent in conjunction with 2,6-AQDSA as a metal polishing rate modifier agent for the

removal rate of Cu and Ta. The data indicate that the composition of the invention allows for

the independent variation of Cu removal rates versus the Ta or TEOS removal rates.
EXAMPLE 14

[0111] This example further demonstrates the effectiveness of dual metal polishing rate
modifier (MPRM) agents on pattern wafer polishing.
{0112] Blanket TEOS and copper wafers and patterned wafers were polished with Polishing

Compositions 14A-14Q. Polishing was conducted on the Logitech tool with the same
conditions as used in Example 11. Each wafer type was polished with the various compositions

for 60 seconds.



Table 11: Co er Renpval Rates [0106] The results
indicate that there is a synergistic effect of

weoeesiozidny Kl and anot her netal polishing rat ep@DUsf00E018980
agent. For exanple, the polishing rate for Kl as the
sole netal polishing rate nodifier agent showed very
| ow renpval rates (average 130 A/mn). The rate for
1,5-AQDSA as the sole netal polishing rate nodifier
agent al so showed very | ow renoval rates (average of
94 A/lmin). But the rate for KI in conbination with
1 5 AQDSA gave a greater th?n additive response for

renpval rate (aver 261 A/ m

| t
(0113] 5 Each AERGRCLSRRECOTREBOPS comarif AL oot S €00 ppm 18-
AQDSA. § 5@}6?& BRAS an‘ &4 pbml RatBgf e&d&ﬁe Pmsﬂdjméd 2. Devifldhigric acid.

agen However , at the | ow concentrations
PolishinggZampasitiar kA kenpasetive) didieotcontnjm pny additiena] addisyeny Polishing

Compos’lﬁ‘on\éelr% !?%V (into %gﬂtalneﬁ@slégsﬁﬂd igds 6avTbs Bah0 anWlD BaM of K103,

fenDval rates si gni ficantly enhancéd
respecti ©AMPLEsHiBg COMPDitibhs 3 4EAdifinzertian) eentattef AT BB H.5 mM, 2.5

mM, an&(ﬂ@m%cfﬁ\ié%é??@%ve% ﬁhxr?é&hgpﬁgg@gsﬂ%@\%ngon) contained

0.125 mivE!(ab rrer 2.§hhMg andil@ ancbﬂKzS&Oé TaspeoRRNy. Rglishing fompositions
ol i sh tr t t | u
11483 0D RHRSAGH £ HOULO SRR TR A Bl ePBS,

respecti¢pper and TECS were poI [ shed under t he polishing

[0114] Cg%gtsrlﬁlggg deschkggg? DR ﬁ%f‘% é\%%’%nl Rl Iesct;]‘rengcal—mechamcal
polishing GoRROSiPRR /oKy tarfwe$ @@l 3 A2 In
additiong e eld- aanymsd aFLeERdetpRpine %dtthe rﬁﬂn‘F‘t arfay oxide
loss WaﬂDQ:ﬁl‘FLElPFP g Conposition 13A (conparative) cont ai ned 0.2

%, 5- AQDSA. Pol i shing Conpositions 13B-13D

Table 1%03:59 nd ©u Regoval Bates- ant hr quinone-2 6- disulfonic Te
acid (P, 6-AQDSA) and|{20 ppm 0 ppm  fek1 .00 Rpmikgio of Cu
Polishingespec '%M I Eﬁfg# shi ﬂzkm RBogiGu 35,&&;{&3@]36 RR:Figd
Compositiods 2| 6- i&ﬂ) AFA 60 (Ppmin | Féér/mgt)r r )g Eﬂﬂ‘pOSl t|i Amay Oxide
13F an@d 13G contained 0.2 w. % 2, 6- AQDSA and dgs K|
14A  and 10D ppm KI, respgcti,vel y Rl i shin nposi tli
(comparihﬁlvk:)tohp %ed 0.2 wt. %tl and 4 86§8m KI . (8311%594|
14B The re ﬁi eﬁ (RA COPRE' t an um and
(inventibf) e€af 25’({' @ggnecharr <e,zal pol Itlgﬁl ng
14C __conpositions were determ ned, [and thelresults arle
i 0.8778
(inventishyar { 26dmMKIRp e | 237 7 %
14D 2.5 mM KIO; 244 1366 | 237 5.7637
{invention)
14E 10mMKIO; | 259 1906 | 296 6.4392
(invention)
14F (invention) | 0.125 mM NQSA | 230 85 192 0.4427
14G 0.5 mMNQSA | 255 302 158 2.4810
(invention)
14H 2.5 mMNQSA | 258 1326 | 506 3.0158
(invention)
141 (invention) | 10 mM NQSA 297 2843 458 6.2074
147 (invention) %3822%’:‘“4 262 83 275 0.3018
14K 0.5 mMK;8,05 | 298 102 254 0.4016
(invention)
4L 2.5 mMKz8:0s | 308 | 141 498 0.2831
(invention)
14M 10mMK;S,05 | 1690 350 641 0.5460
(invention) :




12. Table 12: Co er, Tantalum and TECS Renoval Rates
[0110] The results further indicate an advantage of

waigiong2a2hal i de as a netal polishing rate nodi PCEDS2007/018980
agent in conjunction with 2,6-AQ@SA as a netal
polishing rate nodifier agent for the renoval rate of
Cu and Ta. The data indicate that the conposition of
the invention allows for the independent variation of
Cu renoval rates versus the Ta or TECS renoval rates.
EXAMPLE 14 [0111] This exanple further denonstrates
the effectiveness of dual nigal polishing rate
modi-fier (I\'IDQI\'/)L agent-s—on

arn \nnf Aar

[0112]] Bl anket TEOS hnd coppel waf.ers Eﬂélﬂ\f&@iatyel o ;%{&"Ofc‘l
Polishinggf er s yengpR hghed g& %\% :Field

(mﬁfdﬂ;dsﬁn‘
Compositipr 140" Pol i shi ng was>@iRuct & LhRgi t eclh ArFy| Oxide

with the same conditions as used in rml e 11| EQs%

14N wafer (§peSwd polished;with {ke vari pps conposil iy
(inventidmr 60| Be(dbags. [ 0113 ggach of t% he pol sﬁi ng A28

140 conposj ti.0 i ng wt | oi dp),silica,
(inventi@pm 1, 86'5/&@5%?%’3 )g}nﬁBTA gﬁ 14 p lr‘ﬁ‘ at hon, 22%23

14P (inveR€o@H 2BmBOFe(MH 1 a52. 2 Wi { hS‘mitri csexi d. Pol| i0sHi2ag

14 conposjtion I4A (conparative) not tain an
(ingenﬁ@gdi t i ph@amMda(Yees| 4Pl i shi n 34%0 s%) ons 14HB§61342é7

{Tnvention) contained 0. 125 mv 0.5 mM 2.5 mv[ and 10
mM of KJQB, respectively. Polishing Conpositions
[0115] 140 isdksigabie trpalish)patiemt wafqesdsoghatthe differends hagpeen the field oxide

loss elnd@)-/ll ﬁ%@?&%ﬁé@f&@ﬁé dersﬁ?cp?e% 1t{Ebden & @%élﬁmvﬂgn Fershln%

I nventi on cont al ne
compositihs Beri'or(Mﬂamddo]lﬁvengb‘débﬁémmqvekm@tFrﬁqllgnﬂy it is observed that the

Pol i shin N- LD cont ai ned
e 4 e o S R
[0116] I egpeGEdusliy Tabl@llM}ldeh& thetr Q8. (1 at-aap}(tmuuﬁme sutfppieracid) and
MR S R e
when used Mdtﬂ%h’sﬁﬁngaﬂe@n&ﬁﬁeﬂ dpeatidiHiigh ﬁtatldsl'tﬁ‘ i gintbvat famy to the field-
oxi de | oss was deter m
ooy A, b v O o nedy ap e T 0 O BT e o
one of tl‘ijceﬁefa"l‘ BbEsHiRg PRé hivlaifatalaBhts 19VBE Sé16ct8d flohipbrgah® quinones and

di fference between the field oxide
inorganic main group oxidizers, and not of the per- or transition metal-type oxidizers.

EXAMPLE 15
[0117) This example demonstrates the usefulness of the CMP composition of the invention
in reducing defectivities when polishing substrates containing barrier materials with hard pads.
{0118] Two TEOS blanket wafers were polished on a MIRRAT™™ polishing tool (Applied
Materials) for 60 seconds with an EPIC™ D100 pad (Cabot Microelectronics, Aurora, Illinois)
(i.e., a hard pad) and a Politex pad (i.e., a soft pad) with different polishing compositions
(Polishing Compositions 15A-15C). The tool conditions were 103 rpm platen speed, 97 rpm
carrier speed, 10.3 kPa (1.5 psi) down force, and 200 mL/min polishing composition flow.
[0119] Polishing Composition 15A (comparative) contained 4 wt.% silica, 500 ppm BTA,
and 800 ppm of 1,5-AQDSA, and the pH was adjusted to 2.2 with nitric acid. Polishing
Composition 15B (invention) contained 4 wt.% silica, 500 ppm BTA, 800 ppm of 1,5-AQDSA,
17 ppm I, and 34 ppm K, and the pH was adjusted to 2.2 with nitric acid. Polishing

Composition 15C (comparative) was a commercial hydrogen peroxide-based polishing



| oss and array oxide loss is small. This desired
result is often difficult when polishing conpositions
wae@shzreul at ed to have hi gh copper renoval raP@r/us2007/018980
Frequently it is observed that the higher the copper
renoval rate, the higher the field-array oxide |oss.
[0116] The results in Table 13 indicate that NQSA (
1, 4- napht haqui none sul fonic acid) and potassi um i odate
provi de superior results to potassium persulfate and
Fe(Ma) (iron nmalonate) when used as netal polishing
rate nodifier agents. High gtios of Cu renoval rate
to the fieldarray oxide [ os$

d I
compositieadiavingeigh sHA% RoRient Badi heeh ikt gr%\?% Mg é%rgg‘\b? @J%Pém e
Microel &{(,ng)‘f;ec&g,g;%%nzft al polishing rate rmdl fier agents to
ect

e se organi ¢ qui nones and i norganic nain
[0120] gr dike vmfensuvzm énspaeidd fion ded¢cty pringan SPY rKIPAgFFéTiCPT @HLA-Tencor, Inc.,

San Josg%a%fo‘%a/ tes gf U| nes Sllr%feéé%l{ Q)(:!z,l\/lz;}'hJt}il u?&mrﬁlal and

denons conp S|t|on
oblique ie@asirament ¢caumt ihat useajmange dédefectivity; ih@emiefe;ctp @Ionghitm@ higher

s S4ERV 5SS B L e g s, e reporcs

for eachPofithEdo wﬁ@érls @bhﬂ@dt;ﬁﬁbxﬁeﬁﬁ@éﬂt e Thbledadi al s) for 60
seconds with an EPIC' D OO pad (Cabot
M croel ectronics, Aurora, Illinois) (i.e., a hard pad)

Table 18N DefecBolty VudRagith Boft and Mas@Phdpad) with different

Polishing0! | SN Ng [GRfgoosT T1ons ([ PANGRaNCoWRIPOS! {li@8lfgue Count
Compo &1150) The tool conditijons were 103 rpﬁn pl at en

15A (coraxtiive) | || BBIER[SoG T SPegbeig0- 3 KPa (1.9 §28F) dOWN

La)

15B (iny sy 2. ARG ™ POl 158357 (,Unposrtr r53f4:gow.

15C (CO ULl VﬁI:I te iéml!.}%lﬂlM49 F( (LUIIpaI dl mg

54 ot Dl G LT 2 (T
15B (1n¥$thn) Pol i @-l%(m)nﬁCIi 1 :?ﬁiaé ( mLent .‘O'A} %{ ai narl

.%silica, 500 ppm BTA, 800 ppm of 1,5-AQDSA, 17

pp @ﬂdh Waltib Bitsal
o111 T At o i i o

number(o@@n&atsamrwewsthah@:bydf@gm paroxidaresetpolishing casonpsition on the
s ) GRG0 R LA SRt i o
acceptablerrpmgeat i on) . [ 0120] The waf ers were inspected for

defects using an SPI ny LA- Tencor, Inc., San

Jose, California) dark @?%ﬁ@ﬁgﬁa et wafer inspection
[0122] t oofThisEremply fuithei deraomratelthaeffiectiveness of dual metal polishing rate
modifier (MPRM) agents on pattern wafer polishing.
[0123] Similar substrates comprising thin films of Cu, Ta, or TiN on silicon were polished
one Logitech tabletop polisher with a EPIC™ D100 pad (Cabot Microelectronics, Aurora,
Illinois) with different polishing compositions (Polishing Compositions 16AA-16BG). The tool
conditions were 102 rpm platen speed, 110 rpm carrier speed, 10.3 kPa (1.5 psi) down force, and
100 mL/min polishing composition flow.
[0124] Each of the polishing compositions contains 4 wt.% colloidal silica (Nalco 50 nm
diameter) and 500 ppm of BTA. Polishing compositions of the invention contained 5.4 mM 1,5-
AQDSA as the first metal polishing rate modifier agent and a second metal polishing rate
modifier agent as set out in Table 15, and the pH was adjusted to 2.8 with ammonium
hydroxide. Comparative polishing compositions that do not contain a first metal polishing rate

modifier agent were adjusted to a pH of 2.8 with nitric acid.



obl i que neasurenent count that
defectivity;
w@eesollsegue nmeasurenent counts.

hi gher

is a neasure of

defects correlate to higher

nor nal

The aver age nPCTHE20aTIC18980

oblique counts are reported for each of the two wafers

pol i shed per experinment

in Table 14. Table 14:

Defectivity Values with Soft and Hard Pads [0121] The
results indicate that the polishing conposition of the
i nvention exhibits a | ow nunber of defects conpared
with the hydrogen peroxide-based polishing conposition
on the soft pad. The defect|V|ty on the hard pad is

hi gher, as expected, but su r|S|n I still thin an

[0125] ¢ gl&wa@péa lrg éRREM\meerm:{t m]gin%m@ %&%ﬂ%ﬂ of the chemical-
& %eéﬂ?ﬂéésﬁﬁé Sw&Ja% oh ﬁfew m&sfesqﬁts%@émmﬁaﬁ&ed in Table

mecha.nIch{# E{h CI%fI er (VPR agents on pattern wafer
15. poI ishing. [0123] Siml ar substrat es conprising thin

| f [ on were pollshed one
Tab.le ﬁ_ﬁgg?) & T%‘,,ﬂqnd;aT an%w}r-{ @_ﬁrﬁ?véwlila &a R ‘T
Polishi ect m%%fﬁﬂ\uror SRR i ndi o SR 1) LaRR
Compo t]'@ﬂ élgﬁ thr\| 1 chl rijvuu’JCsi $ 1 Qzé/?llgl)l :p”l nglln) (A/mln)
15AA Conpo >[t5L}QQDS];6/—\A—1 16B& . The top;l condi(tizans wers@3102
(compayafive) h| at en speed) rier spedd—10-31kPa
ISAB (1.5 pgige down fofggneand 100 Inlg mi n pdigeshing |6
(compagativghsition flow |[Q0124] Each lof the pdlishing
15AC conpobjtions cont ai0SmMut . % dojdeoi dal |sig7i ca ((Makco
(compag@iva gu anet er) and-Beipnamidest| BTA_ Polli‘shi ng '
15AD corrpo:htsl ﬁ t hd.2 mMnt i on {cEpt ai ned HA MM |LH3s
(inventi8BQDSA| a8 't te |rst Imekonapwdeasghi ng rate nodifi g@r _agent
15AE and a second nmet al| 188 mdhi ng r m)difl./e agert3§§s
(compassivep T Tabl e 1K,Sa@g the gH was adjlusted td 2.8
15AF W th ydrqxziﬁllﬁiMCorrpar ive pd| i ng
(inventi68)TPOB ngo‘gﬂz) @S8R0 cont di 1%’(7a firgt é@t al |520
15AG polishing rate nDI!ofgﬁﬂvIagent \5:56 ad| u(% dto %FﬁH of
(°°mpa‘?&3gﬁ)g %Ith;;tr;: Ema %%‘?L%ﬂ o;rheacﬁrrg;/alt he e (BY 1o
15AH © : BN or. 591
(inventiGEM £2PHAEREA call el bghi ng qotffosi ti grf¥were |
15A] determ med,—and—thie Tesults are sunmmeriZzed T _Tabie

e 15: rl. 3 um Re

(compaRive) f0® 15: Co br1.85 }MUEOT gt 53l Reinbhaal 583
15AJp Ratest01261—The+esut-ts—denonstratethat—whenno
(inventios) al | po-AQMISYY r Atle8 S md H205 |i 167pr esent356as i) 688
13AK | one 18.5 mM H,0, | 143 791 610
(comparative)
(onetion) | L5-AQDSA | 185 mMH,0; | 196 311 420
15AM s none 185 mM H,O, | 299 992 740
(comparative)
Gowention) | 5-AQDSA | 185mMHL0; | 315 478 363
ISAO | hone 1.85 )M KIO; | 459 647 722
(comparative)
IAP 1,5-AQDSA | 1.85nMKIO; | 139 657 441
(invention)
1SAQ | one 1.85 nM 1660 341 424
(comparative) Oxone
15AR 1.85 nM
(invention) 1,5-AQDSA Oxone 383 424 558
15AS 1.85 mN
(invention) | AQDSA |1 lonamides | 5o° 161 >00




Pol i shi ng Conposition AB, the polishing rates for Ta,
Cu, and TiN are very |l ow. Wen one netal polishing
WO 2008/0pmaeli fi er agent is present, i.e., 1,5- AQDSAI/HS200TI018980
Pol i shi ng Conposition AA effective polishing rates
for Ta are observed, but the polishing rates for Cu
and TiN are low. In order to obtain acceptable rates
on these two diverse materials, a conbination of netal
polishing rate nodifier agents is required. Mreover,
by carefully choosing the netal polishing rate

nodi fi er agents and their §§pect i ve concentrations,
Qi and Ti N ecan - ha col oct od

i -fhpr‘lergdLa.t-e-S- Vs N Sei-eet-ed
Polishing g tuheMPlT‘MlZ?] @’bt@ﬁ%l is @gt ej%epg e lt)s

Compositiest | Agept pol i shil ¥¥geRt N i ncl o HCY

{SAT Oxone} Vmal onani dg L&S§md ani lilc_acid, Rer chl orate
(compaf]au@g)tcmn@nd br omhChlommtligl pol|i18Ri ng r dt'@2nodi 482
5 useful for |peld shing cdpper incllude

15AU | 2- rra onani de3, pe¢rls8fimdt e, iddate, oxdne, chlaranilic
Gnventi Bj y5dA QDsvat e | JHd@8]licPr ef|€0%d contisnat i on$3Bor
BB i shing conposi {iacids requirilng tunablle Ta, Cu5and

15Av TT N renmoval rates [ilgd nivle AQDY nd Iz-g@ onaniidg3,
(compata@ia) ETOYkone, per glrleogy;e, brloftat e, an

15AW NMeth|yTI mor phol 1 ne-1 8% ey de. MPLE 17 129] (Thi s
(inventiBiP| & 08RENEA 1 at e tibg),ef f eqt1¥eness o#“qdual t al

15ax Poitsmng rate nogifgLmp@gent § I, 5- AQDIA and
(compal'a%w@? oeReM de3 i n tmcglr esence a sedohd oxi ci6zli3ng

15AY agcrll F01301—The SXF g TOmdi tTonNs (Were the sane

Sy Expiipsh-&QIESA Pol 'Ié%id‘g Conpgsi®i on 16 ¥bht ai jed34

(1nvent\QP) n/ bol |l oL dal 3can

15AZ, Vvt C-OT 1o+ Gan ol‘r IIMJU PPTh DTIAW, 51 1, 5= ﬁ\JJD/:\,
0.9 pivhbRe nal onam ﬁp 185 8V H2C2. | 1d1131] [HAYé
(lcscgrﬁ’amﬁ’ﬁﬁv rat-es—werd c}:r aﬂg‘ A—Hor—ecopper—~5—AHm ot
Ti N, am($ A®DIE A n e3ore, thel4r esenceof
(inventigR)t b netal—poli £ ert—HH
15BB addit i ggngo 1,5- A medonani defo 571
(compaéatgiﬁpb icantly incr te forlthe
15BC barrien 4 aysss A N L3 W 1. A cheni cal - mpghani dagss
(invention) i shi g conposi t|ifeRr@onpri silng: (a) an abrasilve  (h)

15BD a first netal poli slhgglngqi\@nongfl er aggqy havingg a

(compasatm@lara r educti on potentia

ISBE 1,5-AQDSA | 1.85sMNMO | 37 211 221
(invention)

15BF 1.85

(comparative) pone Ce(IV)(SO4)4 49 40 43
15BG 1.85

(invontion) 1L5-AQDSA | Corvyso, | 42 182 231

[0126] The results demonstrate that, when no metal polishing rate modifier is present, as in
Polishing Composition AB, the polishing rates for Ta, Cu, and TiN are very low. When one
metal polishing rate modifier agent is present, i.e., 1,5-AQDSA as in Polishing Composition
AA, effective polishing rates for Ta are observed, but the polishing rates for Cu and TiN are
low. In order to obtain acceptable rates on these two diverse materials, a combination of metal
polishing rate modifier agents is required. Moreover, by carefully choosing the metal polishing
rate modifier agents and their respective concentrations, the desired rates for Ta, Cu, and TiN
can be selected and tuned.

[0127] Metal polishing rate modifier agents useful for polishing TiN include AQDSA, H,0,,

iodate, oxone, I;-malonamide, chloranilic acid, perchlorate, £-BuOOH, and bromate. Metal



| ess than 0.34 V relative to a standard hydrogen

el ectrode, wherein the first netal polishing rate
wor@sO2Ae1 agent i s a quinone, (c) a second netBdT/US2007/018980

pol i shing rate nodi fier agent having a standard

reduction potential greater than 0.34 V relative to a

standard hydrogen el ectrode, and (d) a liquid carrier.

2. The chem cal -nechanical polishing conposition of

claim11l, wherein the quinone is an anthraqui none with

one or nore functional groups. 3. The

chem cal - nechani cal pol|sh| conposition of claim 2,

wher ei n_t.he anthra s selected fr
potishingate aodig: pronts ot PRl ere Gomds i phRetigipersultate
iodate, &oh@ &ﬂbﬁhﬂf&&d@%d'br&ndﬂesm foni c acid,
-anthraqU|none ul fonic acid, and s

[0128] ¢ héﬁrg@rred&onfppﬁab@ﬁ% rd&?xs ﬁgmpeauoﬁﬁqugmr}ggtunaﬁe Ta, Cu, and TiN

removapﬁfg?,‘]ﬁélbhé’ﬁ(%ﬁ&ﬁlﬁﬂﬁl -fnal OMARTI @4 NiodBR, 5R6:Y) BerdiRiite] tromate, and n-
or gani c agen he cheni cal - mechani cal pol i shing

methlylyonphedinerNoxéde. cl ai m 4, wherein the second agent is
sel ected fromthe group5§ggﬁﬂqupg of

di hydr oxybenzoqui nones, napht hoqui nones, chloranilic
[0129] aciThis andnﬁlledehmnsnratdspjhsxﬁ@btw@essmﬁdual metal polishing rate modifier

osons CRETRBSI FEFLE0AFaflS L PRSERIREY ot ohusd ik

[0130] COonBlieSpdlishingf conditivnk Welmt}mMinems BPxampilel #6.aRolishing ¢hmposition 16

coinB %] B A TS AR RES 08 vt peonsices

and]gsllﬁmggmzc agent. 8. The chem cal -nechanical poli shi ng

osition of claim wherein the
(01311 gol B etn bR TS A BB STPPREY 37 PTGt N a5 58 A for
Ta. ThORERY] 18 présLAd 6f #dtHe? mdda f;ﬁ)ﬂ&lsfllﬁgeat&a;hdcﬁﬁeweﬁﬂhgmdakm to 1,5-
salts, , inorganic salts o

I1] a
AQDS A angl {zymalqupmyc 3&#&11%%%%?%?%9% ?? %%’é’ﬁ‘esbm“ layer TiN.




9. The chem cal - nechani cal polishing conposition of
claim7, wherein the second agent is selected fromthe
w@emap2onsi sting of perchlorate salts, bromtRCHEE1087/018980

and cerium (1V) sulfate.10. The chem cal - nechani ca
pol i shing conposition of claiml1, wherein the
conposition further conprises a halide selected from
the group consisting of chloride and brom de. 11. The
chem cal - mechani cal polishing conposition of claiml,
wherein the conposition further conprises iodide. 12.
A chem cal - nechani cal polishing conposition
conprising: (a) an abrasive?o(g%ha first netal
polishing rate nodifier ageMMSiherein the first agent

tioi oty PR AN R IRRA o R el T o

(@ayentan atiresiee,n t he second agent is selected fromthe

oup. gonsi stii ng. pf i odi de..-iodin .2 i ) .
BT RO PisBing f gk RS paife TU AR ffion porenta
less tharC 0841\ pdlativectb anstaglard hydre femel ecteadz) sihicteim thaf first mietal pAlishing rate
.. Wherejin the first agent is an anthraqui none with one
modifier,38eBhise? YRS onal groups. 14. The cheni cal - mechani cal

®P! | SPietens MRAFIisRihgRhteGhadified Sgenhigviftl B stdh@ard reduction
. anthraqui none_is selected fromthe group considst i ng of

potentlabgrfeteagm%% Vristsive te a gtapdpsddydeogay; giectrode, an

@plo-@ﬂﬁgmﬁg&mapne-l,5-disu|fonic aci d,

, 10- ant'hr aqui none- 2, 6-di sul fonic acid, and salts .

%-her ebhe chemicgimmeshanical aplishing sempesitionef ¢laim A gwherein the quinone
; &pg@ ol v?ih e 6 AbR Adctidg Lidupst he second agent is
A gﬁghaniqesé 16. Thecéheq%ggﬁ?neqhanical.polishing

Fonpobht fhemigal-wielianicad polighing compemitier e beldina dewherein the

Codi de. ol - . s ohi . o
anthraqt%:lg?rﬁpeoig istalﬂegtﬁdo 1 l‘f‘l%e%o%g Foﬁ%pggn@#%m&ﬂ%%e-l,8-dlsulfomc acid,
9,10-anthraquinone-1,5-disulfonic acid, 9,10-anthraquinone-2,6-disulfonic acid, and salts

thereof.

4. The chemical-mechanical polishing composition of claim 1, wherein the second

agent is an organic agent.

5. The chemical-mechanical polishing composition of claim 4, wherein the second
agent is selected from the group consisting of dihydroxybenzoquinones, naphthoquinones,
chloranilic acid, and dichloroindophenol.

6. The chemical-mechanical polishing composition of claim 4, wherein the second
agent is selected from the group consisting of #-methylmorpholine-N-oxide and z-butyl
peroxide.

7. The chemical-mechanical polishing composition of claim 1, wherein the second
agent is an inorganic agent.

8. The chemical-mechanical polishing composition of claim 7, wherein the second
agent is selected from the group consisting of hydrogen peroxide, iodate salts, persulfate salts,
permanganate salts, I, inorganic salts of iron (III), organic salts of iron (III), and potassium
peroxymonosulfate.

9. The chemical-mechanical polishing composition of claim 7, wherein the second
agent is selected from the group consisting of perchlorate salts, bromate salts, and cerium (IV)

sulfate.



conposition further conprises an oxidizing agent
sel ected fromthe group consisting of hydrogen
weerentdel i odate salts, persulfate salts, perPeRys2vat/e8980
salts, bromate salts, potassium peroxynonosul fate,
chloranilic acid, and n-nethyl nor phol i ne- N-oxi de. 18.
A chem cal - nechani cal polishing conposition
conprising: (a) an abrasive, (b) a first neta
polishing rate nodi fier agent, wherein the first agent
IS an organi c oxidizing agent conprising a quinone
noi ety, (c) a second netal l'ishing rate nodifier
agent, wherein the second agg is an oxidizing

m es e]ﬁbe rhemicalomeehnnical pehsha%z 6%1?%“% Atelam 4y Wg?Felﬂ‘ the
compos%tﬁ) ?‘t ftikes a fﬂ?ﬂ&éj%el ctbd HYhPihe %Hd;%onsn]sgng bPehloride and

em ca nani cal poli shing conpdsition of claim 18,
bromidesherein the first agent is present in a concentration

By SR B o A BR0L Ry oL e

composﬂfoaﬁﬁf&leﬂdmnmrmmaﬁhcﬂe ation of 1 to 10 mml. 21. The

fher crremeapeposisBheo PRI RRRA I HORE R h one

Q@) nn&ed&umoélonal groups. 22. The chen1ca|-nechan|cm

O|IShIn jon of 2 1, whe
{ hr LA P bloRae Camo PS4 YISEL (h6 RS GERHds g oreenic
ox1dlzm% 3%8 QQ{iﬁohe giddétgul foni ¢ aci d,

anthraqU|none 5-disulfagnic acid
@) 10- apesond urtATPRishing rateqnpdifiar pecabi whergindhe spqond agent is selected

from thé gﬁﬁ\g%}nslgﬁl O%ﬂ%dfaréemd?xﬁ:' Vﬁ%ﬁﬂl‘nﬁ%& R tisdHidd) and

sition l'ai m 18 rein the second agent is
@ org&mmﬁqgﬁwn 24. The chen1ca|-nechan|cm

pol i sy, 09, eC?IngEI}\é?ﬂca‘f {pﬁﬁélﬁh oé’iﬁ@ﬁ 8F QlaBH?Z,S\%ﬁ&%ﬁx the first

agent 1S sé rom the gr onS|st|ng 0
agent 1s®nfmdiraqqihmezw'q.hionepemormapimhn@ilgrmmes chloranilic

id, ~and, dic i ndo 3 :
B FBR e el Bleah M BEMns BRebSEE o P 137 wherdin the
anthraqﬁi&onMEﬁ‘emcfbdtfh@nSl@e:gmdp consisting of 9,10-anthraquinone-1,8-disulfonic acid,

9,10-anthraquinone-1,5-disulfonic acid, 9,10-anthraquinone-2,6-disulfonic acid, and salts

thereof.

15.  The chemical-mechanical polishing composition of claim 12, wherein the second
agent is I,-malonamides.

16. The chemical-mechanical polishing composition of claim 12, wherein the second
agent is iodide. |

17.  The chemical-mechanical polishing composition of claim 12, wherein the
composition further comprises an oxidizing agent selected from the group consisting of
hydrogen peroxide, iodate salts, persulfate salts, permanganate salts, bromate salts, potassium
peroxymonosulfate, chloranilic acid, and n-methylmorpholine-N-oxide.

18. A chemical-mechanical polishing composition comprising:

(a) an abrasive,

(b) a first metal polishing rate modifier agent, wherein the first agent is an organic
oxidizing agent comprising a quinone moiety,

(©) a second metal polishing rate modifier agent, wherein the second agent is an

oxidizing agent present in a concentration below the concentration of the first agent, and



agent is selected fromthe group consisting of
n- met hyl nor phol i ne- N- oxi de and ?-butyl peroxide. 26.
wab@sobme cal - mechani cal pol i shing conpositi onP@f/Us10a7/6m8980
24, wherein the second agent is |2 mal onam de3. 27.
The chem cal - mechani cal polishing conposition of claim
18, wherein the second agent is an inorganic agent.
28. The chem cal - mechani cal poli shing conposition of
claim 27, wherein the second agent is selected from
t he group consisting of hydrogen peroxide, iodate
salts, persulfate salts, permanganate salts, | ,
inorganic salts of iron (I1P% organic salts of iron
@1 1) alignidl gaoierssi um per oxynonosul fate. 29. The
em cal - i L shi -1 ] ' D
fiher e e ERESCEDAER Bl pSITfe FRRITHOA BF il SEP e the firs
agent is @oEsRhEini axgpneéntpaichdfdr @t maldls, bromate salts, and

BT U it LSR5 8 . whon s
agent is?ﬁé’ﬂéﬁﬁintd &fhc&ﬁ&dt{tﬁlroﬂ:lo?splrd l?ﬁﬁ)'lg hal iddg sel gct ed 1f r ohm
e group_consjsting.of chlari : .31 . T
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Fbnpr T8¢ semical-meshanical ppljehng s?maggrl% of glgim23; wherein the
anthraq@96h8 istS3fctddSr&h tRE %@ﬂh%o%bﬂi@bﬂl@&ﬁﬂﬁa@ﬂﬁm{é B Biikswdfonic acid,
qui none noiety, with the @yOV|so that the first
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hydr oqui none sulfonic acid, (c) a second oxidizin

2hent Theichémicabmecharieal polishing kempesitinel 06 glatn Ai8nyherein the second
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agent 1 s(ﬁ%?hggg%23iun1iodate or nitric acid, andg(d? a
24.qui The ahemeal-mechanical polishing composition of claim 23, wherein the second

thereo

agent is selected from the group consisting of dihydroxybenzoquinones, naphthoquinones,
chloranilic acid, and dichloroindophenol, and I,>malonamides.

25. The chemical-mechanical polishing composition of claim 23, wherein the second
agent is selected from the group consisting of #z-methylmorpholine-N-oxide and z-butyl
peroxide.

26. The chemical-mechanical polishing composition of claim 24, wherein the second
agent is I,ymalonamides.

27. The chemical-mechanical polishing composition of claim 18, wherein the second
agent is an inorganic agent.

28. The chemical-mechanical polishing composition of claim 27, wherein the second
agent is selected from the group consisting of hydrogen peroxide, iodate salts, persulfate salts,
permanganate salts, I, inorganic salts of iron (III), organic salts of iron (III), and potassium
perc\)xymonosul fate.

29. The chemical-mechanical polishing composition of claim 27, wherein the second
agent is selected from the group consisting of perchlorate salts, bromate salts, and cerium (IV)

sulfate.



33. A nethod of chem cal - nechani cal polishing
conprising: (i) providing a substrate having at |east

wo nmsoeial s; (ii) providing a polishing conposPeT/o82007/018980
conprising: (a) an abrasive, (b) a first netal
polishing rate nodi fier agent having a standard
reduction potential less than 0.34 V relative to a
standard hydrogen el ectrode, wherein the first netal
polishing rate nodifier agent is a quinone, (c) a
second netal polishing rate nodifier agent having a
standard reduction potential greater than 0.34 V
relative to a standard hydrd3en el ectrode, and (d) a
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1he sacRBlod 9 BherhaRhechaliga polisldgg Bbmprising:

() providing a substrate having at least two metals;
(i) providing a polishing composition comprising:

(2) an abrasive,

(b) a first metal polishing rate modifier agent having a standard reduction
potential less than 0.34 V relative to a standard hydrogen electrode, wherein the first metal
polishing rate modifier agent is a quinone,

(©) a second metal polishing rate modifier agent having a standard reduction
potential greater than 0.34 V relative to a standard hydrogen electrode, and

(@) a liquid carrier;

(iii)  contacting the substrate with a polishing pad and the polishing composition;

(iv)  moving the substrate relative to the polishing pad and the polishing composition;
and

) abrading at least a portion of the substrate to polish the substrate.

34. The method of claim 33, wherein the quinone is an anthraquinone with one or
more functional groups.

35. The method of claim 34, wherein the anthraquinone is selected from the group
consisting of 9,10-anthraquinone-1,8-disulfonic acid, 9,10-anthraquinone-1,5-disulfonic acid,

9,10-anthraquinone-2,6-disulfonic acid, and salts.



40. The nethod of claim 39, wherein the second agent

is selected fromthe group consisting of hydrogen
weerentdel i odate salts, persulfate salts, perPeRys2vat/e8980

salts, 12, inorganic salts of iron (Ill), organic

salts of iron (I11), and potassi um peroxynonosul fate.

4 1. The chem cal - mechani cal polishing conposition of

claim 39, wherein the second agent is selected from

the group consisting of perchlorate salts, bromate

salts, and cerium (IV) sulfate. 42. The method of
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43, The method of claim 33, wherein the composition further comprises iodide.
44, A method of chemical-mechanical polishing comprising:
(i) providing a substrate having at least two metals;

(i) providing a polishing composition comprising:
(a) an abrasive,
(b) a first metal polishing rate modifier agent, wherein the first agent is an
organic oxidizing agent comprising a quinone moiety,
() a second metal polishing rate modifier agent, wherein the second agent is
selected from the group consisting of iodide, iodine, Imalonamides, and triiodide, and
(d) a liquid carrjer.
(iii)  contacting the substrate with a polishing pad and the polishing composition;
(vi)  moving the substrate relative to the polishing pad and the polishing composition;
and
(vii) abrading at least a portion of the substrate to polish the substrate.
4s. The method of claim 44, wherein the first agent is an anthraquinone with one or

more functional groups.



9, 10- ant hr aqui none- 2, 6-di sul fbnic acid, and salts

thereof. 47. The nethod of claim44, wherein the
waemsner4sagent i s | 2- mal onam de3. 48. The et hoRICD1S2007/018980

clai m44, wherein the second agent is iodide. 49. The

met hod of claim 44, wherein the conposition further

conpri ses an oxidi zing agent selected fromthe group

consi sting of hydrogen peroxide, iodate salts,

persul fate salts, permanganate salts, bromate salts,

pot assi um peroxynono sul fate, chloranilic acid, and

nnet hyl nor phol i ne- N-oxi de. 50. A nethod of

chemi cal - nechani cal polishi 3§ conprising: (i)
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b) a first metal polishing rate modifier agent, wherein the first agent is an
organic oxidizing agent comprising a quinone moiety,
(c) a second metal polishing rate modifier agent, wherein the second agent is
an oxidizing agent present in a concentration below that of the first agent, and
(d) a liquid carrier.
(iii)  contacting the substrate with a polishing pad and the polishing composition;

(vi)  moving the substrate relative to the polishing pad and the polishing composition;

and

(vii) abrading at least a portion of the substrate to polish the substrate.

51.  The method of claim 50, wherein the first agent is present in a concentration of 1
to 60 mmol.

52. The method of claim 51, wherein the first agent is present in a concentration of 1
to 10 mmol.

53. The method of claim 50, wherein the first agent is an anthraquinone with one or

more functional groups.

54.  The method of claim 53, wherein the anthraquinone is selected from the group
consisting of 9,10-anthraquinone-1,3-disulfonic acid, 9,10-anthraquinone-1,5-disulfonic acid,
9,10-anthraquinone-2,6-disulfonic acid, and salts thereof.

55. The method of claim 50, wherein the second agent is an organic agent.



nore functional groups. 54. The nethod of claim53,

wherein the anthraquinone is selected fromthe group
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9, 10- ant hr aqui none-1, 5-di sul foni c aci d,

9, 10- ant hr aqui none- 2, 6-di sul fonic acid, and salts

thereof. 55. The nethod of claim50, wherein the

second agent is an organic agent.56. The nethod of

cl ai m 55, wherein the second agent is selected from

t he group consisting of di hydroxybenzoqui nones,

napht hoqui nones, chloranilic acid, and

di chl or oi ndophenol , and | 2- 8l onami de3. 57. The met hod
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per oxynonosul fate. 61. The net hod of claim59, where
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consistingyf pechioratecaliis bromate salts, and cerium (IV) sulfate.
62.  The method of claim 50, wherein the composition further comprises a halide
selected from the group consisting of chloride and bromide.

63. The method of claim 50, wherein the composition further comprises iodide.



