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AND METHODS FOR CHEM CAL- MECHANI CAL PLANARI ZATI ON OF
COPPER 5 Technical Field This invention relates to
chem cal - mechani cal planari zati on processes in genera
and nore specifically to a nol ybdenum oxi de slurry
and nethod for the chem cal -mechani cal planarization
of 10 copper. Background Chem cal - mechani ca
pl anari zation (CVMP) is the termused to refer to a
process that is used in manufacturing sem conductors.
As its nanme inplies, the CVWP processes typically used
in sem conductor 15 processing to polish (e.g.,
pl anari ze) the surface of the sem conductor wafer. The
CWP process is relatively newin that, until recently,
conventional processes were sufficient with the
conparatively low circuit densities involved.
However, increases in circuit densities (e.g., the
transition fromwafers having 0.25 mcron features to
0.18 micron features) have forced the need to devel op
new processes for planarizing the wafer, of which CW
has becone favored. Simlarly, the nore recent shift
away from 20 al um num i nterconnect technology to
copper interconnect technology has further favored the
use of CMP to polish (e.g., planarize) sem conductor
wafers. Briefly, the chem cal - nechani cal planarization
(CWP) process involves scrubbing a sem conduct or
wafer with a pad in the presence of a chemcally

Title: r eact BVERRIAS AND METHODS BORSCHBVIEGA V-SMEGIARICATE BLANARIZATION
its n@REORPERI es, the planarization action of the
chem cal - mechani cal pl anarization ' (CMP) 25 process is
both chem cal and nechanical. Chemicals aid in
material renoval by nodifying the surface filmwhile
abrasi on between the surface particles, pad, and the
nodified filmfacilitates mechanical renmoval. It is
believed that this synergistic interplay between the
chem cal and mechani cal conponents in the process is
the key to the effective planarization of the Cw
process. Wile the CVMP process is being increasingly
used in sem conductor manufacturing processes, the
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30 CWP process remains poorly understood, and the

exact mechani sns though which the process works have
wmedaosioernt det er mi ned. For exanpl e, whil e cert aP@T/US2004/024143

paranmeters for the CWP process have been devel oped

that are satisfactory for wafers utilizing alum num

i nterconnect technol ogy, those sanme process

par anet ers have not proven to be particularly

satisfactory for use with wafers utilizing copper

I nt erconnect t echyiQhoRIES AN MPPRODIEOREqUI rement  of

a succegfippicCAYRVCHANIE QL PEANXRIZATION OB CORER
polish rate. H gh polish rates |ead to shorter copper

over burden pl anarization tines. 2 WD 2005/012451
PCT/ US2004/ 024143 Sunmmary of the Invention The
follow ng sunmmary is provided as a brief overview of
the clainmed product and process. It shall not limt
the invention in any re§§é@¥ﬁiﬂﬁﬂh a detailed and
gl }ﬁv&ﬁﬁﬁl felAfbs b S&L:ﬁﬁzultlﬁecm%lm p?ﬁltarlfa‘ﬁﬁﬁ hhréd@ssed e general and more
__Detailed Description of Preferred Enbodi ments section.
specificpliy émp grolyhdrenm irisa siem aWansthetfor fhe shemiealymeghagigak planarization of
copper.any nunmeri cal paraneters, processing equi pnent,
chem cal reagents, operational conditions, and other
vari abl es unl ess otherw se stated herein. The clai ned
i nvention involves a novel,, gus pl anari zation
slurry for chem cal - mechani ca planarlzatlon that is
&hemicekmechagieal plagprigation ((MRoip ther ter used o 1¢fey to srprpegpsetiat is used in
manufadtlfn AIHERHS R4 rAé/ 1tsar%fé rn%dl'ia& th® Cl\/ﬁhﬁ'o&ﬁseﬁ Spical ¥R i Liconductor
conpri ses particles of di ssolved in an oxidizin
processigg et tpolisty (v planarize) e sprizeq i ghe samigendueter prafpr-c die £iMP process is
relatlveH/I RCh VA, MRPR cbdily 250 %Htﬁna{ ﬂﬂbﬁ@s \fvérQ @ﬁtﬁ@i@h’ttw@r the cSfpdRatively low
bout 10 % by wei ght of t he oxi di zi ng agent
circuit c}mg}tl@quege qugﬂgcrgqsesammrgql(ﬁe@s@qs (e. By g‘&e(y@gﬂtlon from wafers having
0.25 mR?Jnof%hﬂ?es (162079 midi6s rféa@ur&') i Soréddefb BB dBRIGSRIw Processes for
i odate (KI03), nitric acid (HNG3 pot assi um
planarlz‘yg%pyg aqfévf(lmw has b@ﬁog§§p\@ﬁq él@dpﬁl}atﬂ@ R QTN S shift away from
alummlﬁmm@édﬂmcp%MJ@&@@QM&&%@@%CM&@ ifkHRePRY60E Bk Gise of CMP
(KI04), and hydroxyl am ne (NH2 : ionally,
to pthbéﬁﬁalpé%@mj sRyEsRnduGieR VRS- us ed 15 in t he nol ybdenum
tHrieﬁ%' dRe ( MRER)a1-ARLAEANS SidthfidtioCOfBNIBX $16ce3] eﬁi‘ézélvé@}écrubbmg a
nprise any one or. a mixture of glycine (C2H5
sem1coq;ﬂugﬁ§ w@fe( wif )m t%ﬁ«,prﬁig:nf;u@fyq, p}@maqgillu gea(:'@g_gw)hat contains abrasive
particle€t BY kt@ﬂaﬁnéjinﬁﬁb@ he (15BN actiRh Y 'tlf%rbﬁergicﬁfﬂlé&ﬁanﬁc%t f)l@narlzatlon (CMP)
acetic acid (EDTA),  amoni a & H3) , Iy nono,
process g oth chemigg] B¢ wpba@wa'e i Ghenyiqafeaid it milterwéémovemmedﬂfymg the surface
film w3 fRsion I%@Wéin (tf;tG W&Q%‘Z&l@ﬂ%s, 1Y aﬁﬂdcth@‘(}hﬁlﬁeqzﬁgxpfa)mhtates mechanical

acetic acid 02), 'succinic acid )
removaf. Jhis |b§,11edpd that this smr@s@p énterplay Betwoqn the ¢hspicaband gneghanical components in

the pmc%ws T &Sy o @fe@ﬁmﬂam@mﬁmﬁe ENPRxdcas. (MGB) nay
al so be provided with noni oni ¢ surfactant, an
IMhilsriheC rpr%?e%saﬁbem&:mcraaswty used ia semicpriuetanmanufieairing processes, the

CMP p@&s?ﬁhﬁlﬁ BodrBGInaRstobd) ahd e é&U@rﬁé&ﬁamﬁﬁé&ﬁ&d@h Wchqpe'm&e%orks have
any one of a m xture of polyacrylic aci

not beep detprainadi donexampdy. whilg certain pargmeters for the CMS’ process have been developed
that are satisfactory for wafers utilizing aluminum interconnect technology, those same process

parameters have not proven to be particularly satisfactory for use with wafers utilizing copper
interconnect technology. One important requirement of a successful CMP slurry for copper is a high

polish rate. High polish rates lead to shorter copper overburden planarization times.
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sul furic ester or its salt, a sulfonic acid or its
salt, a phosphoric acid or its salt, and a

w@edosos4sci nic acid or its salt. The cati oni CPCT/US2004/024143
surfactant in the aqueous slurry may conprise any one
or a mxture of a primary 25 amne or its salt, a
secondary amne or its salt, atertiary amne or its
salt, and a quaternary amine or its salt. The

noni oni ¢ surfactant ERAMMEEIGTkeIRveRTIYN one or a mxture
0 of man ol yet hyl ene gl ycol s. yet ot her
oHisdaering i rg é&wggim P overKi™ ﬂtﬁ %lvma%arqfwwn% process. It

shall n&Qiﬂﬂl&he EQéntion hIDa{hylrEHi)é&il Wikl a deidiic Bndfﬂldy-ﬁﬁlimﬁg &@c]@sﬂhé Y2 set forth in
npoun

m xt ure qf hete cl.ic organic ci
the Defafef lﬁfﬁ%@%ﬁ dueie %%@1}40?@?9&5 SRy | HkEM% : ipspgjon shall not be
restrlct&cf fodhP h@rner[b'ﬁﬁﬁbﬂmétérb E}ﬂ&ieﬁmgtel'c’lhi@ﬂleﬁn&ehﬁlﬁl feagents operational conditions,
erlv v g ther enbodi ments of 30 slurries may
mmOﬂE6ﬁ¥1 %ﬁ? @:Wﬁpﬁé?w HeI81- t hese surfactants and
CIHe! MmO invBiktioRl ih@fles B hfhedils WldnaBLatiBR ¥lugp tfoP Bithdidhl-mechanical
de acids Qr bases for ad usti t he %H wi thin_ an
planan@pf)légnﬁ § éffec]tlgﬁa)é PRAY RN SSPRET 1 high %glmatei 4 Thegueous slurry according to

the pre@ﬂﬂhwna&a&on@mb@qiamam 6f MbOSiskolvb @ 28 ©&RAIAgNGerdtO t he
provi ded with suppl enent al

fion ma 0 .be
deterluentret afucgi %@ﬂifmyu cenigis disselead Mefdph amatiafanging from about 0.1

% to aE(ﬁft a01%6 byeieadht oP Xl apakHel Gli@Sind 886t iy E&ﬁ?%g Lb%? ldyﬁe or a mixture of
r,se_any one or a m xture o

hydrogg, P?ramdg%ﬁe@zhnfwﬂc SIS @G@%@s@ﬂzﬂ@&swmoeﬁgd&%mm acid (HNO),

potassidh rp@l@ﬁhghnat% I(KSHIOR), ptmsmﬁrs b@sulfafemzswgﬂ @mnfohﬁlm%’drﬁﬁate ((NH,),S,05),
er nan i nvention al so i

potasm%geé? odate (K1SH 65 a\acp ]ﬁfdé(ﬁ%f qel{BlH@%Hb e(}ddbtgpnally, com;l)legmg agents may be used
in the MDKBAHHh tHBENANIER) aqﬁﬁo@@ Aoy aldoMplexihBghRe bad cQIfnpxtxgéeany one or a

pr esent i nventi on conpri ses planar|2|n usi n

misturgef Bl (ANO M Eh (GEHRBes 28 Iar e hopsb | (GO ethylone diamine

(c2H8N95| 29 leMe diaMfBreR atdtie] &fd @mt/s@n aﬁfﬁbﬁhzmm) aﬁﬁﬂst of fono, di, and tri-
nmbodi nent s of, the t od glanar|2|n ﬁg usi n

carboyloapl Iy e UL SHTNOILS feibeoHREOOED p s G, aceti acd
(C2H40§l)b§iié§1nﬁ adid ?@}HRO@b@Mtfalﬂﬁ)y Sbabiinohaid ackfs, MOOB and t he

(0) 4 rise any .one or a mxture

H—%brol A 58 A9 JBxics émefﬁéglg)molxbé?rmnb trigiide 4MeOPFrRIND) ) prowded with a

nonionid Shrd& bt Bh hidskat Qurfakiaft3dr a dukibhit Gurfed@itd ThENBhic surfactant in the aqueous
potaSS|un1pernanganate (KMnO4), . potassi um persul fa

slurry TpReoRRRBIFe A AR PRLATTRERE AERRIYECTY K pid (B b g) carbﬁesrlses%%ﬁa its salt, a

sulfuricR8fet QdRtsSt, GKhEhic achsk RYaIE DphbpAbLacldNiZSN1t, and a sulfosuccinic acid or
Addi tional’l npl exi ng 10 agents nmay be used in the

its salt. b s, Frgfamic sirticrags nefbe ESENS) SR BB f3Y. onecsig| TeikfupRyof a primary

amine (ﬂg@ RAIB a@@%ndﬁ? ARideSoR i8R, ANEHISY amid¥ oflild s8lt, @hd 8lgHAEASKy amine or its
al ani ne (CSFWNEQ), am no butyrlc aci ds

salt. Thf W}factargw CURRISg PBRPIFAT ¢ mf onegf Wp}éh%lyethylene glycols.

Giti# et t@her ShbeHiReRS bfaqasouslsiirEE My bmﬂﬁd@vﬂ%})ﬁer corrosion inhibitor
famly of nono, di and tri carboxylic acids |

which @iyt fouprise Ry prRsGHGTITR of Refprogyclie PteapiesPmpepdijipiuding benzotriazole
(BTA), B¥%ithidadfe] 901% %@Eé}lznyl ﬁrﬁ%lé th@ﬂ bl tﬁgmgﬂves afdther embodiments of

succi nic aci am no_ benzoi c

mly
slurries gpay ggntain snyE‘r?H@&}aH@h?fg &F S‘Fﬁ%ta?féFW"%OTb‘Phlh'é?rﬁ zi ng

qﬁ)a@&g slﬂlﬁ‘ie@ gna@ o%hbi{alll}’ iRk ablm BIObRR HPEGENRY tel PRI RN an effective
be provi ded th a nonionic

range ﬁ@g}r ?bﬁlétt laWtabO‘gﬂ4ar¥ eh ﬁqdétnglalfqrrg)@fhgﬁpts of sluggies agcopkingcto the invention may
also beSpbVidal Wil supplemental ceramic/metal oxide particles. Such supplemental ceramic/metal

oxide particles used in the aqueous slurry may comprise any one or a mixture of silica, ceria, aluminia,
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The anionic surfactant used in the aqueous slurry may
conprise any one or a mxture of polyacrylic acid
W@ Bowa)p12481 car boxylic acid or its salt, a sulfuPCTUSHD€024143

or its salt, a sulfonic acid or its salt, a phosphoric

acid or its salt, and a sulfosuccinic acid or its

salt. The cationic surfactant used in the aqueous

slurry may 20 conprise any one or a mxture of a
zirconlepﬁ"caﬂﬁrﬂiagiiﬁélzﬂ@roﬁ)bmﬂ& Sln%aidb,,an&g&ﬁﬁmﬁdar y amne or its

Zﬁqefg@s%t 'fq%%réfog rg Sp | %c gs q,]tg)‘r)ﬁll { %@%;%l'a})liag%%glﬁ?:oﬁqﬁ )? ghréglrlc)gll-mechamcal

planari&AEMT TEECmeRYd &Tlﬂe Pfeséht [HvXﬁtid)h&omplﬁseQ E)l%nﬂfzmmyper using a polishing pad
olyethylene g cols. Still E odi nents of
and an Erereio T BB SRt o HEOoefids AP e eabuS

%nﬂfoﬂl‘{neﬂﬁ)bf b& m@h&i\/dtqﬂﬁlaﬂ\tlﬁ@co@pé‘rﬁﬁmg la SOyl 01 tain MoO; in amounts
i nhi bitor a m xture of

rngiog e 1 1o BEOH A 1Y Vg B NGS S B R Iipe s sy compise any

one or P& rof 87db&n (P3oAlde (HEDL3,i 8irid atRke(Fe@;Y;), Ipotadshth @odate (KIOs), nitric
henyl trlazole thiop and their deri t|¥ g Furt her

acid (HNGh) grissiume permaaganzie j(KM0ia), PRIgEHY Per %FWHW“W persulfate

((NH4)ZIS§'(§%§ EpotddkilidClediDdde (RIW), CAT 19GtoRPlainidi (NH,OHY.. ACH#RHBy, complexing
slurries may o tlonally i'nclude aC|ds or bases fo

agents zdy (pStysi i I‘F@ ’BPIYW@HV‘ rigkide. (MaPy); aucous - of OF‘P{%’Pg agents may

compns%kﬁﬁyl bnelor a@niRRRWS glldine VEH,R0Y] dldcaRaL;1eniogy hlﬁﬁ\ﬁ'bﬁtyﬁﬁ ac1ds (C4HNO,),
rries _accordi ng(ﬁo the inventi

ethylenﬁ P’é&?ﬂ"&é@zl%«ﬁ)hetgx}ﬁ?ﬂ 3rRipg Lofra aestig ﬁ‘?‘g X%nféh a‘B%P’&‘é (N Hy), famﬂy of mono,
di and ﬁaJaiﬂosz}@Sam@uwclﬁwmaide(mﬁmmj pEtﬁélEUHcﬁi/ (CRHLACOOK, Y ®xalic acid (C,H,0,),

articles |nt ueous, sl ur y CO []1se any
acetic ajl 4RO, ARYGSIE 251 @Wg% lé(f%‘?‘rlya { a%ln%?&m%c% i tania,
RAHI8leais of the thethol @Eplaﬁdrﬂm@)ébﬂ)@r usafpch SURFBdRamin denum trioxide
2005/ 012451 PCT/ US2004/ Q24143 Brief Descri pti ogﬁn%@

(MoO3)[ HY le’oal?/ﬁ R{@Vle}qﬁ]ewﬁf gaplgorlug sur 'ia’étt axb?m?rﬂc‘e sur}:actant or a cationic surfactant.

The aniB#it &Hfdcﬁﬂb’t@@dﬂn(lh@ﬁdu@édszsﬁﬁﬁy%y@éﬁllbﬁﬁ @l oﬁ@&p@ﬁm&ﬁg of polyacrylic acid
tant al um coup on3|r¥P£%§lurr cont ai

nLn
(PAA), Béf‘r&P’FYé‘a apid OF 5 51t B © pYies opftealiy %a% E%ﬁ&ld.%maét a phosphoric acid

or its s, @adlh ¥ulBRE&iid8dd of h . MER &tisfic &ﬁﬁh@ﬁhltsus% liH fhb &§ueous slurry may
accordlng t.o the present .i nvention na

comprlqﬁ:@px, A & Izﬁuégﬁed) a me)a% qr étﬁ §eﬂtga RSP {yeﬁm (H 1té ﬁz?lt a tertiary amine

or its s#X hrfdl a@dﬁﬁnﬁ@&d’ﬂﬁme Jiies sivip. @he POibSID bithctaBrhBF dodpris@yhydBe or a mixture
resent mount of about 0.5 to about 10 wt.%

°f°“e%fﬂ?%f‘ﬁyﬁ%lyeé§’é‘ﬂ‘ﬁg °?ls about 3 wt.% and 10 nore

i€ fyed cthdr ¥mbBdiRBnte BB inefhod abplbaridinglcoier Uskgy an aqueous slurry may be
nol ybdenum oxi de pollshln naterlal may conprise

prowdeeawl i & PeRperoforsiep aRjion FhEh TRAYCOTRIIET &0 Yt MHYTR @rf] Teterocyelic

orgamcro%ﬂlﬁ&uﬂg iRRAE béRzoRRROEBEAS befithidhld Blg}'ttrlizoldnpﬁé’lﬂﬂtrlazole, thion
as about 25 nanoneters to about ;560 n
bs% g

and theﬁ rdélfl@flgﬁﬂ fuglgﬁ_r, g mepjs o ﬂurﬁlFﬁ m%con%%rcgmbwh% of tﬂese surfactants
and corfddioh RAibiesEr scattering anal yzer.

Aqueous slurries may optionally include acids or bases for adjusting the pH within an effective
range of from about 1 to about 14. Yet additional embodiments of slurries according to the invention may
also be provided with supplemental ceramic/metal oxide particles. Such supplemental ceramic/metal
oxide particles used in the aqueous slurry may comprise any one or a mixture of silica, ceria, zirconia,

titania, magnesia, iron oxide, tin oxide, and germania.
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The MbQ2 particles may be produced froma variety of

nmol ybdenum cont ai ni ng precursor 15 materials, such
wa@sggoshossexanpl e, amoni um nol ybdat es and r el aP@riusS2004/024143

conpounds, as well as nol ybdenum oxi des prepared from

a variety of processes known in the art, wherein

nmol ybdenum precursors and products can be made into

particles within the size ranges specified herein.

Alternatively particles of MQO2 may be reduced in

size to the ranges s ifL%d hereipn by any of a
vari ety of niIIingEﬁ§§§%%§R¥ﬂé§#@lﬂﬁﬂéﬁe art, such as
aTlierfiguretiia plot bff thgpaasiosnaidpoldriagionarved ofappyed prid takt€lum coupons in

reagents. 20 By way of exanple, enbodi nents of
asm“%ﬁ%ﬁ%W%é“&@%ording to the present invention nay

utilize particles of MoQ2 produced from a precursor
mat eri al conpLi sjn [ Mo (.
Nano- part i c| eXtlgd Descagt SO RET e PQAUBERLS | abl e

fBioadly kiescfibédy@mbddimyrine &f WudoasTRRAKs Atcording MaeHeSstBsent invention may

.l ona . Alte tively, nanq-particles. of MoO3 ma .
comprife? W@E@?&*@a e dM3De lotinepere 781 b ARG Pt oThE BAPO: polishing
material hajJbSpresentin@n bmbdint 0Batb0B0. 4 b/abBidt, 10614, tsh@ichs 'ablk D @slatforf 3 wt.%, and

B P T i o —
fine pattieRb of Mok, $@VifsEeMmearR@Rllbiasth tb ranbeédbuttI3ehanometers (nm) to about 1

. nanp-particles of Mb(OB are tai ned commercially or
. m“’r"nwﬁ’ﬁgfagé{’?ﬂl éé napometcrs. o AbayE ég‘gﬁ“h ARG By ﬁah’e{sab%“t 50 to 200 nm, as

measurfd w4 HexrbailaseddcSiteribahiyizedNo. 6, 468, 497 Bl, identified
article

ove, the MoQ2 p onprising the palishing. .
oo Pﬁ%'fhl/gi) &1y B iodteeg, R ot FRSOh gh SolbReTuEY esathiing precursor
materialé) §ith faQrforeextainpl, ansidriuit nMfbdites GANvefel cSptahd)bd Jbl ¥s molybdenum -

., all of the MoO3 tqo MdQ2. re specifically, the
oxides Zigpar®i Joph & MBG-tg Y SpoRseRIRY B et SR O Blsgem pgeeursors and
productatcaid bp ARde inf® pgticlesyilliid GeNJizd Angestspeoidtettie MRedni@vely particles of

range of about 400C to ab 70Q0C (550C preferred).
MoO: i} Gediss a7 tp st G MO BOot bV BB itk methods known
in the aft] sutli S&Sttriién miling adstédEithe 8@ of Sppi@eide ecaypit to M2 in
antiti.es. be acconplished jn

fficient i ati ng ma . 3
3 oK A St Hb Ot 5 SO HrOrEE e s PpisFvERion may utlize
particlesrayMbe, pisdided frém B @eHSE Myaterlah@nipeisiab hiddchale{d oPMOOAY Cliano-particles

then b d_t Q2 pol i shi .
ot R B o AL EBEEE BB SRR oo 05,
Alternati¥aly2 Qex/ gt bf MDY, iy 68 8/o0utdd diaccdraii@e &ith BR&dabhifgh provided in U.S.

poen 5 e BRSBTS BB it i

is herebirtdcerpomted haglabyefetch&d fosall thattit diRs&ause danmage during
onpri se any _one or

olishing.  The oxidizing a ma ] S
eﬁﬁfa‘ﬁfr"g W&F‘tﬂ?réﬁ? ?aeowr‘i“?'ﬁf gfe 1%8( f\%ggtssn?d FREp§relally pranufactured in
accorda(‘ncl:dlKl\MN)(13 thegeécaﬁlgé pﬁ}vid&? ide.q dlﬁht)ept H&C’G,m%@$$'ll,l gﬁehﬂﬁjﬂts $ove, the MoO,
. ). Ferrj.c.nitrate oxjdizin ent. may be . _
particlef frggne i vl f B bt B DY GRS g0 o0 for  time
sufficiesto Wontkr2subBhraally Ml oF eeNIBD3 10 MOk, AgordRpdelficRllyl thdnano-particles of

abaut, 0. 2M Fe(NCB3) 3, and re preferably in a
MoO; ‘%‘Hﬁ*&éﬁf‘?if‘? Bﬁéda?lnéﬁwé}tﬁr%% ey 40 aKﬁwneraéurae} the range of about

400°C t0¥bdhk Z009Q (S5960 brefoR¥d)D TiREERBBe th theasfpy B £HohE30Ab Bbut | Whinutes, as

about . 0.5 't bout 1& 8\(,% such as_about 1
may be required fo reduce MoO; to MoO, in sufficient quantities. Heating may be accomplished in a

rotary furnace, although other types of furnaces may be used. If necessary, the resulting MoO, product

may then be ground to produce an MoO, polishing material having a mean particle diameter within the
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to about 2 wt.% HNC3, and nore preferably in an anount
of about 2 wt.% HNC3. Potassiumiodide oxidizing
w@o@an12¥ey be present in amounts rangi ng from BODUS2004/624143
to about 5 wt.%KI, such as about 1 to 10 about 5 wt.%
KI, and nore preferably in an anount of about 3 w.%
KI. Potassiumiodate oxidizing agent nay be present
in amounts ranging fromabout 1 to about 5 wt. % KI 03,
ranges spretiied Sermimo LA partitle cladifichtich stdp. m&%p o;iﬁil;ﬁlﬂly baneed® lefisure that the resulting

f about
MoO, }9 gﬂ‘"ﬁ é e Ylalc%?){(ékd azr€ Jri?gjsqgaté 31%%’ §%ﬁ§§an&a§ Prﬂrégé’og%vgone or a
rrThet qucbzung ageytma ydngise ertljwmral(}hhﬁturdef fe(r(chhﬁﬁ‘&I@(Blogg nitric acid
s r anat e r.oxyl ani
aNO: IR TG ARIRRETUE il Bna, YEE° Blubchidrine asent may be

presentannmbmratlamgnmgng‘ framabdue 0105 1o tuahDd lﬁtola5 (v F8{<N03)3, such as about 0.1 to

t.2 t bout
sbout R Gon oBY BNE PP, sfeon 4 bk B2 GRNG Y. i aci
oxidizifgNig2BHiagl be pF&seraasammmts paigitpandoeat @Xtotibaiit2Gvt 34 BINO; "ERYh as about 1

anpunt nging from about 1 o about 5
o sbolf YRR R TR BRabBR & e BRERRN 2e b filos Poisium iodice
oxidiziggragemonay lprp&fsart albhryountm r&rglr%f’ffmm tiboat 0.80e0aoutd W% %I, such as about 1 to

ra slurri.es
sbout SSUPRY R B e T gt el 6 e el bt iizng agen
may beZJ@aspm nmancgmtsahngl@fﬂmgmf H‘rol apoltdwer. 94 KD, s0tH & 4bb@ 1 to about 3 wt. %

Zi.n ent denti fi herei n. Enbodi nents
KIOs, a&? m%fet})rr%&:eréﬂély At %}ﬁﬁg’u D Osf?% "? H &t p/f’ Z@Q i nvention nay
a’kklmohai qxrchnrmg:@ntv\m‘ah c@Nprish ia@N o or&uﬁi&ﬁlﬁ‘d c&ﬂ']iydl@kyl&nme hydrochloride

urfactant. The Cta used i n
((NHO eb aﬁﬁlg Dofassium @Fwnﬁaé@te (ﬁ@}(? g (i—gﬁy)xy nge ydrochloride pxidizing agent
may be pfes@d InyamruptSI ra:nm ffbn( Eb%Ab 1 toaabﬁﬁtri)m(%KNHz@Q)Gﬁ sath éstaﬁout 2 to about 4
nic acid

o uric .or its salt qu
wi.% (ﬁﬁl 61{1)5613 a'i“i ALY ﬁe rlP AN Epeping of *lbgutsg % NFLQH)CL  Potassium
perman&nhﬁe @s@mg’agentaxmydae qnl‘esertt $n aadunts rﬂ’ﬁgﬁhgd&im @lﬂiuﬁl #habout 5 wt.% KMnO,,

s L2 B by B ARG TS LSS 2 o

Howeves,e dwnpkﬂtslmng nmhtae vath slirsies abﬁtamtﬁgt}@ﬂfdxﬂbimrﬂ Nhyd€ocBlorilid Snd potassium
pe or Lts sal onal |y,

perman?aﬁat% ’are%jnera lgf gat %ﬁeb(ét ?5 roé\‘,ifzb"&f‘gwti ‘He%‘i‘% é) bﬁ@fl

torbpdigiens of $1tmr1b3 ﬁoodsrdiﬁg it the PrReyent Givpiitiod énagAlso B8 ?ro@fde@wnh an anionic
of heterocyclic or ic. co ds includin

t
surtuctaff & oo BT LS P S b B3 aanents iy may compris any

one or Furixtiwerof polyecrglicuadid/ (ngo aamtbax;ﬂlcaﬂm &'Gﬁtﬁal‘ﬁ,&i sri®kster or its salt, a
actants and COTTO bi t or.s

sutonic PG B S PRAMD-Ean SR RTL B P usepis s B sat. The cationic

surfacta(ttﬁléﬁ) in the qtquecﬁus slueg ntagztcbmpmse Byl bhaGt i turS ofteirithary amine o its salt, a
or.i de ferred c

hl
seconda arrruges <|)ro1ﬁs Slalr?fh tsmfl%’ am %e 9% étﬁ faﬁ[, c§% 8111aéer1(a@1-%§:§16 $f,its salt. Optionally, the

aqueousasiigtizt iney be fovided withp: Oop@d‘ Sirtokioly ikhilGRe hahi thdyt Yonphige any one or a
d t hat ddj tion of

f I
mixture ik tglr%ce %;'I %rggttu%( ﬁ%mg&lﬂ:l? 18§l %1 edaéo qu%@%efé* ?B%Péeﬂ lﬁﬂ‘i‘ benzimidazole.
Further, thei sdsrypmytdonﬂaﬁsanys tmﬂiblﬁdtlaﬁ of thése sargictadil alPEoNREIBn Inhﬁntors
es..an

| yhde is_fayora
&b TR %nbonéc nsuf ﬁcé% §§8 aﬂyll%%cub&%h 4, arg@rre%&e}tyg]e rsy,qch&ant is cetyl
pyrldlmlﬁn V?DoﬁW@lZA@iefHEéﬁ/cbﬁ%ﬂ%dQﬁﬂ Ihdbine isd)eﬂz%ﬁ«f&ole (BTA) The addition
of PAAsllélg)uQ(%%%a{_ﬂm?r %Br&ewl?taeaﬂg syf%g%@%%?h?aée&g&e% that the addition of PAA

modifies the surface charge of the molybdenum oxide particles such that interaction between the

molybdenum oxide particles and copper is favorable, leading to an increase in the polish rate. Polyacrylic
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about 0.5 to about 1 wt.% PAA, and nore preferably in
an amount of about 1 wt.% PAA. The cationic
waensacant cetyl pyridiniumchloride (CPC) nepChES2004/024143

present in amounts ranging fromabout 0.01 to about 1

w . % CPC, such as about 0.05 to about 0.5 wt. % CPC,

and nore preferably in an anount of about 0.1 5 w. %

CPC. Benzotriazole (BTA) copper corrosion inhibitor

acid (Prgly si€acpmemanbe pms@ommn@&angﬁlg fFoa ghog0. 1 td SBBuBD MY, PAA, such as

about (? 5 frz) aéb8bt?f3 gy MABAF A’md énr?ae Pfﬁééab pIP éflgfngblpts ¥I%R°“2? V%QA) %’AAl The cationic

surfactand netgintyridinfuanctidrida BORC) rilayr ¥ picként uEﬁiB&ﬂlltd’EBiiglﬁg Bm al?out 0.01 to about 1
i nventjon nay a

0 S r t
wi% GHE SR B B0 S asvR TS R et it 850 (B oF about .1
wt.% @ aBénzbfriaﬁﬂm(BTA)t Cdp?éi dog6dior Dot May bé Bﬁs@n@“ﬁi Edn@éhhﬁflons ranging

o o3 SO TR 52 LS50 b SR, i o

preferampluyb&emmmaﬁw 6ﬂaﬁ@1tm&tﬂ\tIIB<I1AeS may have nean di aneters

[ ge of abou 1 to about 1 mcron

BT ol Sles GOt i nee Ty oBion sPas e prpvided with amounts of
molybdamm gilfide (M@ﬂz)‘l@s i [utbma'ﬁb ouma@bébntf&é}ﬂhﬁaéghel&dgion% MoBBdenum sulfide
partlcleﬁ Ilrg:feé1§e561reypolll1ﬂ1 gﬂe %fr‘r‘BEH’?f ? fugﬁ:é &Pnta_&%g I@pwgrgzPAerr Molybdenum sulfide

partlcleh/hiay heenmeansdibhétéle in Paringe loesbduaviongo hdvar $ |m?1&01'i aN@8ddenum sulfide
n are comercially available fromthe

partlcleway bca RIeSHRt mlaénoeBtrsqS g&on}:etbou‘q\%a f%%)ﬁut 105%re é\k@; sugthas about 0.5 to

about SDM wfMeShaat nlrt lﬁei@fab? it rahlaﬁfbuﬁ?&%ghtngwt % MBS, pm%g@num sulfide
{ t
i, PR L B e B S L g o

Compapyr effreMadilisonTawh (gs)a pH of 4. The pH of enbodi nents of
i resent i nvention may be

[ d th
T o e Pl ol P TP f s eH U g b in the sange of

about 1y ghoachl, ﬁxrch@s apHGn thekahpg ofubolt @6 Sbdue 7 Gind B&%réﬁ}shdﬂﬂg apH of 4. The
ersons

o o BRSBTS et VST e st o

suitableeaetile dé. gﬁhﬁcﬁodhforialaaﬂ’c‘(HICZ)D 0f bkl eld. QotA668 fh?thﬂgld% @Il(bﬁﬁ as would be
pl enent a

i nvention. rovided with sup
known'%ye‘?eésr?{l%l?%’lgé’i{d%w g‘él?ﬁ‘ép‘{)ﬁl es. Such suppl ement al
det additidrabembodiMente of Pphinkriiige Slutte Aedordihd) € %Uﬁl%iﬁlon may also be
one or mxt re of silic

prov1de§ e“rllfh Xupgf\éiml grelmillg/rt%n IOélde Rairttc i a %lﬁ%lglingpta i qeg}mw/metal oxide

partlcles:)qudiel,thé hdue@isistiery @i Qo@fiS¥RAY Bne ot nERARAIMIBIEL, %eﬁ’d‘ alumlma zirconia,
rr.i es aC Ord|ng¥t0 t he @resent i nvention exm

titania, ‘H?%‘ﬁs‘?jé'iopgﬁ APO3Tpgnd gYBBRR  when used in the CI\/P

Bmbodissnts WP slarriea bédorNitigatd |the prade@NinP@itios Skiibit hfgﬁi @bRsh rates for copper
OXI ent_in th

used as_.an zin

v i 3 Wiy S50, S5 ou B 0L e e o
oxidizing @pine in thé molypddnus dxidatRfiick Qerg hlgh c ei @isk AHAQop e fifhy Folish rates (e.g.,

; ~ﬁ3e0m z@ CIIV8|%/ viere ob%?lne as detalled in
up to o ¢ '“ﬁ‘zn"é‘x IsRreixely, wergi taiiedops Saailedniathe dallaviag examples.
Additiofl b FA A enliafidedtid Bim gdlistb@istto B6Gt BEW fth/Fhin. Fellrihbe Wheﬂ‘ﬁ@l?bdenum sulfide

1 ?q%aﬁmlsu”'de 3?&&%“ es were added to slurfie
partilef 35rY ASRA e s R FEARIC: B B I8P ) R ri @bt 750 novimin

were ob@athedlt 750 nnminmin were obtained.

While polish rates with the KIO;-based slurries of the present invention are high for copper, the
post-polish surface of the copper tended to be covered with a thick, uneven misty layer with roughness

values as high as about 150 nm as measured by a non-contact optical profilometer. If the post-polish
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VWil e polish rates with the K103-based slurries of the
present invention are high for copper, the
w@ows/opaki sh surface of the copper tended to bRCT/USHO€024143

with a thick, uneven m sty layer with roughness

val ues as high as about 150 nm as neasured by a

non-contact optical profiloneter. If the post-polish

7 WD 2005/ 012451 PCT/ US2004/ 024143 surface quality is
surfacectpglity édesieedite b& high@t the CNEP ﬁu&lﬁ@m@hw& ﬁﬂ@\ped’ﬁg% Balqeﬁng step. In one

embodigfipy, TS el oo it B sy brlshing sciopee ot i a dilte suspension
of HzOQ;cglmme B’DAI :&ﬂ&)oﬂblﬂiﬁ sHicalinl ditiBnigddspaesdt @HH ¢¥f4. HARZAdvantage of using an

I I
10 e s BRI, b oS FBa g sl s remonin
re51duabarﬁ¢5untsg>f3ﬁc&jd)dbmlrﬁ hﬁtle ﬂﬂﬁﬂayf RafainSonStA® RirfiB& OV ey ¥e168h kAl smooth copper
f dlg ?rﬁ éeil deb novi ng 5 residual anounts of
sur a“m%eba B qabeies ¥ RS P 8h URRISES, PHlMES lgwrdy 035 nm s
measureéd Badmcardntiacroptidnl pofipafeter.sur f aces were obtai ned after
eque buf fi n e h rou ess val ues, as | ow
S RO o B B s ot o T, nd
silicon putiod (si@meaeterﬂmed sdﬁemgss el felcd;u Ya:810,06s pﬁuaen&m e 61@4
ent| n between Cu

t he
Fraoli 4t Ainrete i °nva£ henediiinite trie oasi 26id €ETA) to test the
complekiag alﬁhty'Bﬁ EBII&Zwlt}ﬁGoppéreﬁrﬁn Taélpd1Rh EXATHY tBe Bb spdlified slurry compositions
ate msntﬂf@?% §5 and 26 involve the addition of ethylene
Prosgiishin &t r a acetic acid (EDTA) to test the
do mpdee)td) pgovadai furthat mfonEEiBﬁ kdriling Qﬁkpﬁfveﬁtfbﬂsthebeﬁowmg examples are
sh r at ecified SIV y. conpositio

providefi R e B ES 4Bt e e s alio it nair amended to fimit the

inventianrif eyadpean regardi ng the invention, the fol |l owi ng
exanpl es are provided. The exanpl es presented
bel ow, are representative only and are not intended to
limt the 15 inventi oEXAMPDES raspect. EXAMPLES 1-15

f I 1- sed t olish a co
SR e DGR 0 AL 3R R TR 25 e
The Cl\’ﬁbll’th]hae IWaMStr&erSDWP@ ﬁltIDAP((I-MOM IE Broa\e ﬁ&ﬁsﬂ;ﬂ@@ad The carrier remained
roove remai ned

er
statlonagft (ge 1 Véﬁ.félro o a]tedg ”?lgewggg rtate ogf  wap 9l reve{ugplilsd)ﬁr mipute (rpm). The
down- f(mée Itlh:ed ph &tee:bppmﬂlsg Wag €3 butds PESsq@E irldh @ﬁ)e The @lmry 180 Qate was 60

ml/mln aﬁrgl?te %,?gﬁeer rﬁgﬁyed E‘HEC%EEF Eﬂrfzgel ?)F (t)l}\%a 3 isk gy \é&y g@s determined by

measurlrlg /e weighhdiffemamdértof othe @opRe rdiske BRIl esdfdré QY t4#@r PhdhBEE taking into

corsie 1 el R0, 5, RS Bl e ok gt e

This waamEEConpez’teIdSﬂitb ﬂg ratt 8Kiem@val it torms@® Al oft 66;?%1; Iﬁﬁogela%ler Itni’llmtte
e als a

ig ST Y E t he 1?@ grial, ﬁ{ﬁe grea of
slyisics SR &FmPlgt -t hal seRtrited A gvicp melybdemmrpyide (MeOs) in deionized
water. TMemqmt&letsﬁé offthalytidegunt akige ok ekaﬁlﬂme/saﬂ 10 Wad ﬁhﬁ@o@flomﬁhm) The

e BRI RSP TR 4 LS LS Gt e o
oxidizing @genfsivaeesladded, as identified in Table 1. Example 11 contained 1.5 wt.% MoO, with 3 wt.%
hydroxylamine hydrochloride (NH,OH)CI) as an oxidizing agent. Example 12 contained 1.5 wt.% MoO,
with 3 wt.% potassium permanganate (KMnO,) as the oxidizing agent. Examples 13-15 all contain 3
wt.% KIO; with varying amounts of MoO,, as noted. The pH of slurries for examples 1-15 was adjusted
to 4.0 by the addition of hydrochloric acid (HCI) or potassium hydroxide (KOH). The slurry

compositions and polishing rates for the copper disk are presented in Table 1.



wat er. The mean particle size of nolybdenum oxide for

exanples 1-10 was 1 mcron (1000 nn). The nean
w@asosiocd4sl si ze of nol ybdenum oxi de for exanpl eBCLUSA54/024143

was 150 nm Various anmounts and types of oxidizing

agents were added, as identified in Table 1. Exanple

11 contained 1.5 wt.% M2 with 3 w. % 30

hydr oxyl am ne hydrochl oride ((NH2ZOH) ) as an

oxi di zi ng agent. Exanple 12 contained 1.5 wt. % MoQ2

with 3 wt. % potassium perﬁgg%nlate (KMh&4) as the

oxi di zi ng agent. Exanpl es =15 all contain 3 w.%

KIO3 wi th varying anounts of \/P,QZ as rjoted. The pH of
slurrjies for exanples 1-15 was aeﬁ\ustec to 4.0 by the
addi t}i on of hydrochl oric aci d| P&ty Sae jpot assijum
drdxide (KOH).. The slurry ¢ osi tigns, and .

ExamPBé i sﬁlﬂaéoé?%é%mf’%r t he coppe'&g'Bsk ar € PS‘r esentglish , Rate
Tabl g 1. 8 WD 2005/ 012451 PCT| US2004/ 034143 TARhmid)
Mean | Particle Size Fxanple Slurry Conposition (nn) pH

1 Poli SPoR9ion, +0MsH FicRb,, 1 3% Molo2 + 0.05M Fe(¥o8) 3
1000 |4 69 2 3% M2 + 0. 1M Fe(NO3)3 1000 4 88| 3 3%
MOQ2 |4, Eg( ﬁ% 000 4 2B0nad 3% NMH02 + (0..53%N03

2 Y000 2880 £ F oM enob 800 4 391 & 43Fnb02 +
2V 4 % Mb0Z #. 3% KI 1000 4 1 8 3%

3 M %‘”&%&Fﬁ@iﬁﬁ?&&k 23 9 B¥%Woo2 + |Z% K103 ai?)oo 4
34510 3% o022+ 3% K03 1000 4 101411 1 5% WMoO2—=

4 304 NHEAYCD: T96%HNS: 12 1. 50b9+30KMid4 150 |4481 13

———3104v6 4 303—1504—169—14 2V bO2—+—F% KO3 1504

5 524 D% BRADO2%IWA03 150 4 8pP000 4 221

6 3% MoO, + 2%HNO; 1000 4 353

7 3% MoQO, + 3% KI 1000 4 157

8 3% MoO, + 1% KIO; 1000 4 123

9 3% MoO, + 2% KIO; 1000 4 345

10 3% MoO, + 3% KIO; 1000 4 1014

11 1.5% MoQO, + 3% NH,OH)CI 150 4 68

12 1.5% MoO, + 3% KMnO, 150 4 31

13 1% Mo0O, + 3% KIO; 150 4 169

14 2% MoO, + 3% KIO; 150 4 524

15 3% MoO, + 3% KIO; 150 4 862
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Slurries of exanples 16-18 were used to polish a
w@oser245i | m deposited on a silicon substrate PYT/US2004/024143

sputter deposition. The copper filmhad a dianeter of

6 inches. The CWP polisher was a Westech Mddel 372

with an | G 1400, k-groove polishing pad. The carrier

was rotated at a rate of 40 rpm The platen was 5

rotated at 40 rpm The EXAMPLESA6-1pl aced on the copper

VT TGN WS —

sputterrdepnsxtmnl Theoewppdrdiln hind adiameter dfiteinatiek.i TIRCHR PSTishar WashyWestech Model

. termn suring the sheet reS| tanc
372 il RS0, R B g Dy DA b a0y SFSAy AL e platen vas
rotatedpxb Hortsn. sﬂih@dxdavraforaeaﬂaced bﬁ tHei doppen filrh ik 8poand3 PeBsd¥BEEanch (psi). The
sturry W rate wa sgt % al pOI nt probe. Sheet resistance was
neasur ed at én "sane points on the film before and
aTHeelmopmi df sbypagrembhel fiven fidrsedacs o€ i silRsd ﬁﬂ)&ﬂ\@@? OOPRyas determined
n,cony

by measFuufl R rleia o L Bob B and” avleaiegbl Bl thgread across

the ﬁhin aakmingam hérhemadeeysapstt invskt and @f 4-pdigt frbbelTBSHREL rddistarcl as measured at the
pol nt

e e AP gL RO GRS Shet R bt e and

pohshmglweﬂerth@’se}mvaﬁd]ﬁ rmpbcﬂtvs ﬂﬂmrtﬁlckﬁﬁsskb”bafoﬁéjandaiftea\p@ﬁ@ﬂ% based on the
n di vi ded

re51st1V{t¥1 b tﬁge ﬁss e{lglh%le We@?@@%fcﬂ élncbg\g? %lﬁg%‘{\gc?r%ss rtlﬁ 4rAig}ipppbe 1?5'“Ke difference

betweeil Itfe Sdrtmg melsﬁlﬁl thickaessai a3ely 1331M§ Woerﬁalc)ihﬁﬂ nM\QiﬁgQ €hickness loss was
potaSS|un1|odate

obsinet AR e e PR B s AP @ e i amtg e A -
'ITPhe sntnffm zﬂhédnltatdeﬂ BWLE mblybh@umrmdldéb@@d@m&Eéldﬁzécdoﬁater and with a
r

1000 17
po’cass1un(1:I Jist fe iﬁv& 559/(1 'gj&\%?tgerit Iqéeseng i3 vﬂouﬁkngaﬁp}”&%ag&ﬁgﬁéﬂ particle size of the
molybdﬂun%ﬁ@eqfoamchniblem 6-@1’(8rmis)lbﬁlemumm|nﬁﬂ) OBxarfeSZ) adied 1 R8% PAA to the
f I 16-1
slurry. %éarrdpsl 18 acrde dgwég}(fblg/A% ﬁgd I es (%Purﬂgla?‘gecﬁ\ﬁ 2)61‘8 tlg‘cq\i\@fy The pH of
the slur(nbd@f)sxamplqsdﬁas sw;m Hd_]ll?s@ec{]’ty dﬂ)cbyl tﬂk&dﬁ@f };]y'ﬂhﬁhlﬁhbl Ecﬁéfl/ (I—|IC1) or potassium
hydrox1ﬁ oF eg]gl%tlgﬁél a%ﬂmgoggiogs érgi%o%;%bgﬁgséa@so %qvtélgre?og;%gfﬁg eqelé)resented in Table
2. Pollsh Rate Exanple Slurry Conposition Size pH
(nmmn) (nm 16 3% Mb02 + 3% K103 1000 4 471 17 3%

MoO2 + 3% K103 + 1% PAA 1000 4 667

TABLE 2
Mean
Particle Polish Rate
Example | Slurry Composition Size pH (nm/min)
(nm)
16 3% MoO; + 3% KIO; 1000 4 471
17 3% MoO; + 3% KIO; + 1% PAA 1000 4 667
18 3% MoO, + 3% KIO; + 1% PAA | 1000 4 750
+1% MoS,

10
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18 3% M2 + 3% K103 + 1% PAA 1000 4 750 +1% MbS2 10

WO 2005/ 012451 PCT/ US2004/ 024143 EXAMPLES 19- 23
wekasniast of exanpl es 19-23 were used to pol i SPCHUS2004/024143

copper filmdeposited on a silicon substrate by

sputter deposition. The copper filmhad a dianeter of

6 inches. The CMP polisher was a Westech Mdel 372

with an | G 1400, k-groove polishing pad. The carrier

was r ot at ed at arate @XAMPLEM9.IBIe platen was 5 al so
The dpwn ed, on t e copper

#lt at ed ﬁ]& 2} 3%

f F%e%/g%ex&m sundas’ per v fgrpé) i %FPPB‘H i, depqsﬁ gl araf 1§,on substrate by

sputter kdbmaitivat Ehe@ppes €ilm Akd 28i@mstey A6 inchE €T I&I’U}MB olixherGR4R I%eWestech Model
strate

omthe surfac f the silico
372 wifig 8 od, kR RerR g HE Bl s ves ra S A Tt 5 o Bhe platen was
also rotafedtah @5 @m f Therddai-fordeeflfee orfitit @bpe il Glds Iidafdsader lcfuare inch (psi).
The shd o] tﬁ S g %§5 ?F the filmutilizing a home-nad
%3 8y Wﬁ g VB8R nt probe. Sheet resistance mas
rfﬂtﬁsiuroeﬂl oﬁbc#iphﬂeﬂa@v&l&“fﬁi‘n e Isﬁl&‘zﬁze ﬁﬂthtE Bidicdr Jut[ﬁtﬁﬁaflgfr(%\/ltﬁ h%s determined
er is eet  resi stances bo
by meagyuinE g Pl o b R ot ate EMLA e BEIFBRE 81 19ints spread across

the filnt eﬁlilﬁngt d M@nd-inhdv faPerckneSses @@ﬁmrﬁo&n c};haéttr@s:istaﬁaeél:q Wwad ime8kured at the
i Vit teria t

es
same b5 P TRet LT FolMiog TheyBesitien deet Wostncgopat before and afr
polishirpr wére .thebhevntlérteieto @aspectivb ellmeaBiokiebRs Sbfel idTafRp (ﬁoﬁdhﬁ@ based on the

sses . cal cul ated, an averag
s GG S s AL gt U PO M R P By diffrenc
betweert e s|t)xm|111gsihdtflirm§thﬁdkn@be\éenstlhq;oﬁlﬁ§ el daRbBtet] nannéVeng@ thidkPess loss was

| ur nt % no) ybdenum oxI
Obtame{wgbg)waF Y é‘l"@ﬁﬁk Eye fSE F‘mﬁﬁ‘?jg‘\Xﬁ’ i P%1‘S¥‘[5'i‘§? MU/ R odat e
(Ilﬁb GR)ri@xdlldéchtan@d BYeN% ROHB&ALmI FXiRN MDY dQbniRdWvatdP and with a
rt.i.cle dianmeter. of the | ybdenum oxi de
potassiyp el DI E4i0i6nE aEeu B RS BhingimameR S P Fo. AbRBEMpSHivle diamete of

the molyjﬂnﬁm biiaZ ok exafrpIA) 908 wab N 1Eh. mxamplelﬁsaamhq e b@%ﬁi&z&e (BTA) to
slurry. Exam

% PO I|c
th sur ARGl 2T 0t o P T GRS 1 B Pl Bpiie &2 eded 0.1 v
cetyl pysidiniuny chuimmjpe) ﬂBthadIﬁﬁ@l zxmhpla/@B’AAd@rmWa%ME&d i GnM BTA to the

slurry. ig eli% Og\gllg u{g{ﬂ/eag hemgg 25 6§ Bgs ¢ lgsgerghg ipﬁ)gﬁ}?e)c%ddltlon of hydrochloric acid
(HCD ohpuﬂafsmﬁinl hgdiogida (LOH). (THElsJurr® opdsapfs Al polshindrhieerof {‘ﬁ%pper film are
ry conpositions and polishing rates for th

pm“m&@d %ﬂ $|In1are presented in Table 3. 11 WD
2005/012451 PCT/ US2004/ 024143 TABLE 3 Mean Particle

11
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15

Si ze Exanple Slurry Conposition (nm pH Polish Rate
(nmmn) 19 3% Mb02 + 3% K103 150 4 695 20 3% Mo02 +
WQ@20R0035% 1nM BTA 150 4 471 21 3%vD02+3%K103rAEBLM04/024143

150 4 997 22 3%wW02+3%K103+0. 1%CPC 150 4 913 23 3%
M2 + 3% KIB + 2% PAA + 1nM 150 4 660 BTA EXAMPLE

24 5 Silicon wafers (6 inch dianeter) having a 0.3

mcron Ta |ayer deposited by sputter deposition and
wafers having a 1 m cron SiABLE ayer applied by thernal

conar v—nola n_QI | h| nn
UA' all Ull VVC' C QCP—UJ al bT—y HUI T \J 154

sluriry. The ampunt of copper an¢Mean Pemivieg¢d was
det grmi ned using a four-point pr%%?, and |Si 02 rlenoved
fromthe surface of the silicon er by CVP was
Exampte aq Mledy Cenprgitiam opti cal i nt ef {m)onet er | pHN or|@efisk 0 Rate
detgrm ne the rate of renoval ifp terns of |nm of )
matdrial renoved per minute. 10|The slurry util i|f&Q/min)

conqrl, 3 U MOT ybdenum oxi d¢ [ Vb2 T derorji zed
19 Lo M@ V\% g’é} i zfng agéf?

wat g1 lumiodate (K oxi di z _ e
pregent—1marr_anount—of —3—wt—%Tthefean—part+ehe—si-ze
20 of t/R& Maph yBUIHGTdRIMBTRor exabdfl e 24 wad 1 nil@fbn
+640—nm—TFhe—CMP—potisher—wasaVéstech{ Madel | 372
21 wi t h3&nMbQ; 13XKIOk+dpPoPak pol i shisig pad. The canwper
wasrotated at a rate of 40 rpnm The platen was| al so
22 1ot aBenMad, 489K, + 0hes dpan- f or cesgpl aced pp t he [gppper

filmwas 6 pounds per square ingh (psi). L5 T_he slurry
23 fl Ovvsvm%oy\@%%zﬁﬂ) nﬂifnP'l\,é TRENS| Por Y comppgitio t6€d1d.

pol ifshing rates for a, andl SI02 are | prese

Tabl|8T4 12 WD 2005/ 012451 PCT/ US2004/ 0241143 TABLE 4

E&—PeHsh—Fa—Polish—Si02 l:vanrh eS| Ly nnmncltl Qn
w LAY AL LIL®.Y T

Rate Rate Polish Rate (nn1mn) (nn1mn) (nn1mn) 24
3%v02+3%K103 471 2 2 EXAMPLES 25 and 26

EXAMPLE 24

Silicon wafers (6 inch diameter) having a 0.3 micron Ta layer deposited by sputter deposition and

wafers having a 1 micron SiO, layer applied by thermal oxidation were separately polished with a
polishing slurry. The amount of copper and Ta removed was determined using a four-point probe, and
SiO, removed from the surface of the silicon wafer by CMP was measured using an optical
interferometer, in order to determine the rate of removal in terms of nm of material removed per minute.
The slurry utilized comprised 3 wt% molybdenum oxide (MoO,) in deionized water with
potassium iodate (KIOs) oxidizing agent present in an amount of 3 wt.%. The mean particle size of the
molybdenum oxide for example 24 was 1 micron (1000 nm). The CMP polisher was a Westech Model
372 with an IC-1400, k-groove polishing pad. The carrier was rotated at a rate of 40 rpm. The platen was
also rotated at 40 rpm. The down-force placed on the copper film was 6 pounds per square inch (psi).

The slurry flow rate was 200 ml/min. The slurry composition and polishing rates for Cu, Ta, and SiO, are

presented in Table 4.
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5 Slurries of exanples 25 and 26 were used to polish a
copper disk having a dianmeter of 1.25 inches. The CWw
w@elos®imst was a Struers DAP(r) with an | G 1400PCT/US2004/024143
k- groove polishing pad. The carrier renained
stationary (i.e., was not rotated). The rotation rate
of the platen was 90 revol utions per mnute (rpm.
The down-force placed on the copper disk was 6.3
pounds per square inch (psABLEHWhe slurry fI ow rate
was :rr\m t hn
surfjace of the disk bﬁ CuNBlistas dejt Br polisied 10 BiD,
ng the weig ifference of, the coppef,di sk
Exampg%t h % 'F’(gjpgmﬁ‘?f&m&fter B3¢ shing, %% ng into S
consji deration the dengigng/ntt) t he Qumiaingri al | (dinbiQindr ea
of the disk that was polished, and the polishing tine
24 This ng@a@%merteq—n nto the [rate of rerﬂpyal in
ter nm of copper |renpved per| m nute. The slurries
of exan‘pl es 25 and 26 all contained 3 wt. % nol ybdenum
oxide (M) in deionized water. The nean particle
si ze of nol ybdenum oxi de for both exanples 25 and 26
was 1 micron (1000 IBKAM)’LES(aSiandIQGanDunts and types

I dent j
%Eurrgs (%Ireigilglgg%? gg Fﬁpvsgg %(? Rg 133 an&o%pﬁr él%lﬁgavtmgoa ala%neter of 1.25
inches. | THatCNI®P @blhshlalewa‘s :dBtamamBAP@th&l aI:Et-létDOak:-lgﬂbo(/dEﬁHIAbung pad. The carrier

. test. the copper. i
remameilﬁgxglgrra& {,13? ggl‘g_a%tsr tta‘%%)n bfhg ﬁﬁt\étboéll rate h| /_}53 prl%%ne\ga rerﬂlétlons per minute
(rpm). Tmcﬂlﬁm-fodde?,ﬂac&t an the egppai disk wis 6Fﬁb¢\md5per3@uaTeQBh}E(pf§1).Wheﬂsluny flow

Particle urry Conpeosition Siz .Pal i .
rate waﬁé)t Igl/m lj#)l:ix eﬁnﬁqnﬁ] %oppeiéer%%){% %ﬁm _"gfleﬁ%t%e 0 tl%%l%%x?t @?]6 38 determined
by meaélurihé&h& GveBIMATRrencS U Itle doppéH &bl @X¥th 1befdd?® Gndl aR&9polikBing, taking into
considexgl@gr%% ﬁg}\%\g %E tgglﬁg élé’ig?m'lu Cgr{eéj g ‘910?1/ g%glo%srpo 18 OeEi hand the polishing time.
This wasStey balaaited itoithexrad @f (ehoC )in 'armls afmmooficdpir ragloagbp‘et minkitee

%(@errrrl%éop %iﬁlgxﬁl%%zy 1161 o%taﬂn o%am?cp § g‘gi/o JPcaglﬁfewm og)de g\ﬁg@# in deionized
water. ITber ﬁlefﬁf pirﬁcﬂcablze/ of molgbdeaum wride ddr tmboeamPleS 25 andaP®whs b micron (1000

Th [ .
nm). V?rhouﬁ) 8’\?&‘@ ¥ Wg 0 C%u{%%g: argltar?]t)%( w(ejree a&%%eas) l%m?i%ﬁ?cg %T%él% ¥! gﬁlgnes of both
example(s.MhEB&ed\/ thS! dlditiob i 5salw e:ﬂmymne Silmmamtraahdeyc \acigi (BIDTA) to test the
comol B MR AR PR RS0 s v comr
disk are pss&d€ inMakle 6. m crons) and nore preferably | ess than

about 1,000 run (1 mcron), as neasured by a Hori ba
| aser scattering anal yzer. Generally speaking

nmol ybdenum tri oxi de TABLE 5
Mean  Particle
Example Slurry Composition Size pH Polish  Rate
(nm) (nm/min)
25 3%Mo0O,; +3% KI+ 1% EDTA 1000 4 146
26 3%Mo0O, + 3% KI + 1% KMnO, + | 1000 4 259
1% EDTA
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(Mb33) powders having these sizes are visibly

di ssol ved i n an aqueous sol ution of deionized water
w@r@s/013361 oxi di zi ng agent. As used herein, thePCEUAR04/024143

"di ssolved" and "visibly dissolved,” refer to

solutions 10 wherein the particles of MoC3 are at

| east partially, although not necessarily conpletely,

di ssol ved. Stated another way, solutions containing

pfﬁfothec blﬁﬁodﬂflerﬁ/bfﬁn AqyeoaD{iear msy bah@ ik inddlybdeming afoxide (MoO;) and an

sol ta the na
oxidzing et e Mg R EF Hasy b BRO R ey dry SaPEL P GEER silas about
to aboud!ll ® .18} anﬂ&ncﬁﬂb&ﬁrmgl a(mflfm‘&iilnﬂﬁ‘%mtsn ${0Lﬂbblyt ey "/f;) The molybdenum
. ., C se aci e ..
wiowide’ GG i B, petited R astiders B b i enet ey o0 visily
dissolvearvdl sab3taiidlighivasitily dgavds nﬂ”ﬂxy okidizing akentmThy Bdlybd&minttriokide power may

have RIS AE Pt 1 ET YD G ot e B e 6T st 1000

(1 micréd), Sxhddburedby BdiibeNasef Beattb@ighanalyedr.y BdheealBospehkirgSmalgiRBnum trioxide
d containin

(Vo0 ity e b T5he Sigea AT oD o 81D GBIPORBFPIiph of Gelonized water and
the oxidigihgtapedn. AsEREDHIrEMNS t€@hs tHissohgGue ants “wsibly rdiss6lved, hexfer to solutions
whereir{) thcg Sa?@éw%&% :a%nqli geta%g)é%llfl H%}P géz I%ﬁ%gslgglgrfpﬁlpﬁ?e% {iissso?ved. Stated
anothersxéuyf s’Mlitllaﬁﬁ ébntaﬁﬁﬁg’ Btiolds of Mudghfap ﬁﬁpealﬁdilbﬂﬁntﬁllly blag®s “vigblg dissolved”
Su enent cer oXl rti,cles.a are
to the o B0, ys B TERER B PETTE e oA B Act PY RIS AR o e
SArwltreman&EmbNmmnnﬁ“rah laleoss sy ey dompelstcaelybdiomid Tlie dissolution of
vari et denu cont recurs lals,
molybaior, Tikid?tigy L BSOS AT D BE 28y TGk, pEt may form
molybdOBFHAUN s ,ad&iﬁioﬁyeinblyﬁﬁlc n&kidy bnd@n bén fﬁ@éﬂdﬁﬁ duseIRg eftofybd¥ium metal,
the art

a vari cesses known i .
molybes fridk o, i BR o 6° 208 sl T eim "B Rifiacid s gused herein
refers t@ ayt ¢0&}peﬁnd0cfontaﬁﬁ1)g Iﬂfgldeeiiﬁﬁ a_ncl\/ba\pﬁblé @ntanstdniggxa BRirogen ion in solution.
R T CTEL I ——
same C&Mﬁge ggenltso CothpicRthgt ksﬁnt@ isurBastantyp lcyrbekesau mhmtsa(rjayldofoﬁ bases, and
Madi s U The axi dj zi ng. agent .used wi th,
supplential Bt DL AR o Y ot o E g ipvide aqueous
slurry. m xture of hydrogen peroxide (H202), ferrlc nitrate
ot assi um i.odate (KI 03
TERCISE. BB HaR Sher B eliogh A et i i el ntontaisine precursor
materiaBEgushl hsf mr&xéﬂﬁﬂ&d?dﬁﬂl)qnuﬂﬂ ﬂiblylbdmésgﬁhﬂ S%lhtﬁ@tc.&n;{oﬁlw 228 08) molybdenum
ssi.um per i odate (Kl 04 an, roxylamn H20H) .
oxides EV Bcggﬂmpg ryggﬁt}a 8{’ ;agcaqs?i wﬁg‘@rFFg/ ﬁﬁy gemptpglglgﬁlfmxp :?recursors and
product§ Gzﬁﬂﬁﬂ’lhicﬁtlht@ ParticRE of ﬂzgyihg @msabﬂbﬂyb&nﬁnttl@omahlci’@ s\itd¥ie for use in

such as about bout 10 W % \
the proRORISERB e oG e P BH 87D SHHeOb LY oBp G i the Climax

NbWb&ﬁmﬁCSmﬁhpbﬁHENQXEﬁiwaguagent may be present in
ncegtratlons rangin on1a ou to about 0.2

o Figg e Resh 3 BeRgeSin A5 (Bloh b Hbtis any ome or a mistre

of hydrBé&%&&M@zéﬁded&ZQMeo@‘é(L@)mWs&n aoMteEa(IN@)s)aam acid (HINO),
nor e I |n a cone nt n of about

potassu*gé ng@nﬁp‘é}%@é@% psSHygy persulfa fe te (f(a§ b% ammor?lum persu[fate %NE)ZSZOS)
potassium periodate (KIO,), and hydroxylamine (NH,OH). Hydrogen Peroxide oxidizing agent may be
present in concentrations ranging from about 0.5 to about 20 wt% H,0,, such as about 1 to about 10 wt%
H,0,, and more preferably in a concentration of about 5 wt% H,0,. Ferric Nitrate oxidizing agent may be

present in concentrations ranging from about 0.05 to about 0.2 molar (M) Fe(NO;),, such as about 0.1 to
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oxi di zi ng agent may be present in concentrations
rangi ng fromabout 1 to about 5 wt % KI 03, such as
WwW@bwaw1245t o about 3 wt % K103, and nore pref er abCUS2008024143

concentration of about 3 w% KI03. Nitric Acid

oxi di zi ng agent may be present in concentrations

rangi ng fromabout 0.5 to about 2 wt % HNO3, such as 5

about 1 to about 2 wt % HNO3, and nore preferably in a

about @3 NcEs(NOg)t,iaodimofe pndffeﬂablyZn atdHcédiaBon dfabas 9I2UVMNFe(NO;);. Potassium Iodate

ox1d121|1:1>g g&p g%n %% b ﬁegé(rl}t g%;] %cl) ngntfa?igl;r;:s]t raalg%%{ﬁ g‘gmt %’g‘ztb]g%ﬁ elihg)uw (%t% KIO;, such as
about Kive®dyt 3swt°/h K#@;, aincbmbreaaréfertabipmuh c&cﬁt%l&%%um@tm@. Nitric Acid
rati on of

oviiaBl FATL AR, Kby BRPBRT i g S Dl SpBeis FNO. suh as
about torabeuit2rwtld HENO;,raad glorﬁgplfafembiyah altbnckntiadion ab st 5\;&’!%%N03 Potassium

K2S208, and
Pormafy P60 Rrig DA 6D P bt PRGB! 8 BBGH S5k  about 5 wo
KMnOKB@ZﬁB abdumum alumlt Pmt%lKMﬁD@ aikin6kie prafigratily @nd cdﬁﬁc}htﬂﬁﬁon of about 3 wit%
ncen ratl on n from about
KOG 3R pRfTERE e 0BT e B oS i S5e< iy danetpe oy about 1 to
about 5( M%m%ZiucMSdlbmﬁeto abﬁlﬁﬁeiﬁ%b]KASZ(DgD all RORGRITERBY DR céticentration of
ssium Peri dat e oxidi zing

t H4) 252 Pot
about %grg}“ﬁ th émg'nomu)m lserfuqfaﬁi 2 ifi7ng, agent may. be pgﬁ@t chchcgmatlons ranging

resen

from ah‘hlr.bdt tolalioot &bm%t (SH) T B, Qdch ssustouns tabouilt £ win @HQ»SZO% and more
concentration

prefera f'l cglgc Vth‘g/a 1'211 (?gogcﬁygr"g[ %‘S/{I\gm ﬁ’é OQ&&?S% erg)gétmoxﬂgwgla‘gent may be

presentbe cpncsslmmbns nngiog ent dtati DIftSab’oaﬂ SW1EHKIOQ BuabaUdbodt 1 @& about 4 wit%

KO f’%ﬁ@%}f Aetlsbih s 9"4‘?%?%3?‘85 B R e G b dithoiimble cxising asent may
be presént it %lbdhiﬁﬁidns gmg iromaabbyt,1 t6 et £wi% NEBOEN{USh BPIboRE to about 4 wi%

bdenum tri gueous
NHZOPP?&FIHB% pfflo?era }éx ancé) Y gﬁt{"é’ ?rﬁxlﬁf’ g%%‘%)%%o y one or a
rAdditu)ndlyo fcogblymngl Eag@@ hENGE) ysedli@ eNRolybIMdNCEibxide (MoO;) aqueous

sury. ERBEN s P hltahy i v ShuplaseEns - Mg curvon,
amino R@yrgncilis |(@4H9NH@) ¢thfflalm diyminé (OFBIN,), ethyler@fhmine tetra acetic acid (EDTA),

ammon ah(ltlﬂ-g?rtgg% N (x:no?(ée ﬁ%_ﬁ%oxy%ﬁgﬁl@s g]gc?l‘alc(%H’Oﬂ phthalic acid

(C6H4(QQ@H)2): O&dlcchC(dCQ]zﬂﬂﬂ) ;ac@titCheRIUCEHO, ) afd skcin{oddddDd),Hamdl and family of

ammogeg;y“{%ldg ;}o benzoi ¢ acids (C7TH7N®2). dycine
B “dgefit may be present in anobunts ranging

fGlmmaa@mplexﬁlg lgtro nadychet préseit in %moGtkipdNglhe ot Bboas 0.akedbout 5 wt.%

ek 0 o s G B B TS
wt.% Cdbhf@z eAlangle agepitxingygehiempr egeesent if a@ﬂiﬁﬁﬁ%ﬁglﬁ@ﬁ&h Iagout 0.1 to about 5
0 u {.0 a S. about.
w6 Ct R0 R o o BB B NP e Bl i gt of about
0.5 wt. %W;F}{OgoAnmbdlutyrlc @mﬂ ctmhpl%l@hﬁhmay B Présentiinl bﬁﬂl’)l!nﬁs 1@figifl from about
r.es e r
0.1 to A G AR suey o i 900 R T Ao gefervly in an
amount @f Abdud Obwtlte GHWOLX6 mw&mlamaﬁd:oﬂipreﬁmg la@ér M| B¢ prébe@Nn amounts

rnging A0 Moy T8t > ng? Bl ctRh e pme S HE b S G, and more

preferab‘ly mmnahrouﬁt oﬂiaﬁout 0.5 a4 C, 1B Nt Eﬂiy@ﬁé‘&bﬂme ek a@ﬂ%hplex1ng agent

0,
may vkl o R0 et 5 RBTBR 1 BRERSH Rl 7 o

wt.% EDEAS andaet prefepabiydincaraploit dT@ba@ @ISt wt.% EDTA. Ammonia complexing agent

may be present in amounts ranging from about 0.1 to about 5 wt.% NH;, such as about 0.1 to about 3
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may be present in anmounts ranging fromabout 0.1 to

about 5 wt. % EDTA, such as about 0.1 to about 3 w.%
wEDhs01Aa8ad nore preferably in an amount of aboRCT/0SH04/024143

wt . % EDTA. Ammoni a conpl exi ng agent rmay be present in

anounts ranging fromabout 0.1 to about 5 wt. % NHS3,

such as about 0.1 to about 3 15 WD 2005/ 012451

PCT/ US2004/ 024143 wt.% NH3, and nore preferably in an

wt.% NBI@hdinoRfprefbiably i¥abaiéuntoMNbidut 03 wi.%qNIAC | Citrizcioidl oemplegmg agent may

v e b R by GRS E2B S T e v

C6H307,V‘Jnd ﬂaor@m g ARust GfF &ﬁﬁr(ﬁfb{vy%l ([)6}@07 aPhitic aoid complexmg agent

about % C6H807. . Pht aI| Q a
may be pigjenh i ﬁ?%@@ﬁﬁﬁs% s ahed ol g S BGDBI AR sbouc 01 0
about 3 ¥Rt HXOGBOH, GAHHOEOR AT UE n ﬁﬁou’ﬁb&lﬁboﬂ 015 $10% T HGODH),. Oxalic

% CoH4
e S B o T e UL 8 STRDE
about 0.298MouWt. AECPT,05 Rd mbi pR&rerdbll Sn ﬁrﬁzﬁ@cbdﬁgoﬁ abott b auts OHIO,. Acetic

to about 5 mﬁ % C2H2O4 such as _.aboyt
acid complexpeRRBIONAY bs REFSTRS MLAMER S1gHIe from0gH! § gt gty Gff0n such as
about 0.9 tPabdhit PR IR, MHAGhdrE prefegdbly i @iphennit agabagﬁm whB\C,HgD,. Succinic

resent in anounts rangil from_abo t
acd corppIS PGB S BFFSSS 1 SRS TERERE ARG . o o 104 such as
about 0.2R¢latBRf BwhYEE 81,00 layd inbreditefa@BIy i arddmcuhoot abOutD. Snvt. %oC,H;Os. Amino
C2H402. Su30|n|c 10 aci d conpl exi

. ent _may. b .
benzoie giids 85 COTRPIAELAREE TSI PR P AT ST IETE78L TP e | g about S Wik
c7H7N09'tsu8{9 54496040, 5 uC hboass3 wabDTIHNOL, dn@ nidhe piefedabily iranCidRdof about 0.5

wid nd nore preferably in an anount of about 0.5 wm.%
’6CﬁhM@@4 Anino benzoic acids as a conpl exi ng agent nay

BRIbRUiIRS AR bf ElfrrREBsHMiSing adGibachufy @iakidb AUbOY).iayt dlsodieoptbvided with a
5 w.% C7H/NO2 s%ch as about .0.1_.to a

ut 3 wt. % .
nonioni 7 HAPRIED B AFOME B HEE GF AURPOT ARG U RO Bpetansed in the
aqueousMlurtp ekt 6MMpHse ah9 oEéT&erhiiﬁﬁié &f polyasdylig idl(B@PA@QJ’H wmy\lg: acid or its salt,

et (L RELOS A0, e S0, B B L M L i

or its sdhAt THRNaGorSd frAGhdised e aqlieOis ﬂur@umﬁyaédrﬂﬁfse uﬁa)ednel ¢t a mixture of a
t he aqueous slurry %ﬂ qgflse aQy one o 3 re
primary g8 Sy P COMETHTPARS PSRRI AP e § fleermary amine
or its safl! a*l"ﬁe; non%nfi:téhff&&dn@m@ﬁb@éne% a digusaf bne o tl&ll.ﬂtnﬁﬂﬁd)ftpo@@thgﬂene glycols.
or Its sa osphar i Sa
Optiensdly,dhs ﬁlp]él %q%fna trigxidg @g%g?q eoufﬁéxrra(élﬁy&’lfpg)e prov1ded with a copper
corrosichUinhidRéraWhichl SB4 EdingriRe 80WAGUS 6 kdikting dTRlyetsrodyplid $%aﬁmycompounds

s i o e o BN D0 e v
Further 8¢ $lurrPfish @dnfhiiddng cB@batdfion theseQrfadifhtssadll torroblva 1nh1b1tors

noni oni € Surfa ant ram
Anprefersd :fryonéﬁ suﬁftaft%tu%ylgﬁ@ b&)@cg‘ngy is aa?l% P%%&F‘iyg/ enlzﬂlg sulfomc acid.
The adﬂ@éﬂ&g@gﬁm Jrﬂri]duﬁ?(bidlﬂe AR beatpe @Mﬁ)nﬁﬂ deld (SDBW aBlogid sbffactant to the
provi ded wt a copper, corrosi on I.nni
sturry BRI S5 ORI COPUERORIER BSFo HBPLY BTG S YiHecopper wafer
polish %\W%ﬂﬁt 730NGMiskhReg e 2blaimedz et K-Bhpe, 34 This low copper coupon
enzi m aazol e,

ol ARl R AL 0Le, RS LS Sl st e

sulfoniCRM Bt Mnd:@ﬁbthe@bf @BSA) niaf®S PreSent imﬁ@atssmgn@ from about 0.00001
corrosion inhibit

to about 1 wt.% (DBSA), such as about 0.0001 to about 0.5 wt.% (DBSA), and more preferably in an

amount of about 0.001 wt.% (DBSA).

A preferred copper corrosion inhibitor used in the MoO; slurry is benzotriazole (BTA). The
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A preferred anionic surfactant used in the MoG3 slurry
is a salt of dodecyl benzene sulfonic acid. The
w@dwsvias of a small anmount of the dodecyl bene@nES2004/024143

sul fonic acid (DBSA) anionic surfactant to the slurry
drastically reduced copper coupon dissolution rates to

about O nm m nute and bl anket copper wafer polish

rates of about 750 nniminute were obtained. See .

additioEmﬁBwAeco Iﬂfé sliFhyi lﬁoxhghwd@@pﬂﬁrdls@@tﬂml’l‘aﬁg delbtesiny), b 189 thb@ 5@ nm/minute.

See Exam? o : epﬁogrlazﬁlgggg& %ﬁgéllﬁ? ﬁﬁpﬂﬁ{%{'yg@ R?ctasteg‘trnrll concentrations
rangingsSfoori dmuahto ahmi 28 ailﬂﬁnﬁlhﬂimeT@Bﬁﬂs) asABdt D€ MoREMNEMIBTA, and more

munt s r 0.00001 to about 1 w.%
preferaft s sonedslja g bt i) B8P HEA Lo about 05 Wt . % ( DBSA) ,

arhe plﬁbﬂf&ntbbdifrﬁiita bf ¥loDpslaries atbrdiig t6 theppett ieRiibh My B&in the range
[ i nhi_bi t or useg

of aborf 135 phoue R EH 54 658 ABEec 23 GH (Y Ao oand prefbrvty having a pit of
about ZZKDOB{e(ib%ﬁleﬁiﬁbMSBDQ%ﬁs?ﬁéﬁmga&EHetpke@Eht afveion thay Hehﬁ_]usted by the
t down t sso] uti on rates drasti cal

acdition 5 e b g SERIF e PRI s 4e) 73 would b known by
pmsmwBﬂWﬂQhﬁhﬁ@ﬂkﬂhﬁBﬁAﬁ copper corrosion inhibitor may be

cen 0 ranging fromabout 1 to
g%ga?c{] %alﬁqrﬁq H@bpoé ngg %lﬁl%lﬁs accordmig o the inyention may also be
prov1dedbmtlt s@letﬂ%@]’ éerarﬁi@dnd@rcﬁildepﬁﬁtﬁcﬂésabbﬂchl ﬁpﬂementa] ceramic/metal oxide

rati on f about 10.mM BTA. 5 The
particle 3 i IhG AHAEOHY SHORA FOIPRTISE &M PRl R0k Hiaptegeitconia,ttania,

magnes1ammn¢m®mmmgddd:) and gbrinblﬁa r Al’pgﬁerreﬂfsuﬁﬂ&ﬁgntal cdrnRRRH! odifle used in the
t..1 to about 5, and

MoO, gl}lréjf grcgg?lgﬁﬁgw)% 81051% ngxgg) oég@wﬁv siligon dipad ep(é‘p(az@ may have an average

pmﬁdeenbaﬁmﬁﬁmnanof slurries accordlng to the present
[ addi tion of _suitable

@ %1'(3%[9 QWO égl(u?rg .s glgclt:cg 1ng¥o §é§er{t én\@ntlonp@;glggtslpg}hpohsh rates for

copper Wher wxd dethe GMP pridesd. D@ork I]b@z\]tffguleﬁ’}; V\Qﬁié %?)%dé}lﬁt‘ﬁ #dxide M003 particles
i i na

v Tl b0 L O E TLLO  e

as a coppéreCNIP vleny nﬁgm dﬁypoﬁklﬁlateb@e g.) FHb@MQCﬂﬁﬂannﬁﬁlit@% sovBRddalHowever, the
pl eme

I
copper GERASPEYERreE 1 16 Ryt Fahigh Gk ARORHA S GHDLUEO). See Example

28. Theseuhigly dissylusianid siek @BHShOﬁ%s GfidiatdTkhet 4kiQe @ﬁenﬁbﬂl'tﬁﬁm‘e of the slurry
rconi a Si a, iron oxide

chemicals Si rddlg 'of é‘ﬁ aeaao&s ﬁ@ﬁ tﬂﬁs S %?)@PbétF ?Lé: aglﬁﬁljn gﬁ]@ﬂtr%ﬁctmty 1s due to the partial

dissolutioe roﬁlﬂ’lecdmlpbthhurﬁ))tﬂud@del,lmem hahotpaRicleB/DEARcIS Fd Holl§dic acid. The copper
Col | oi dal silicon

aisotuff P 38 et WA SV ot sdPppean iogesions of th

wafer thaf abetitsulekt I’tdSnmeEh'thﬁl ABEdiGn. OWIMD%%peﬁ'dﬁfnlﬁé %ﬁ t}ﬁcttgﬁﬁéill:ctlﬂﬁons of the
ol1s rates or

resent. i nvention exhibit
additivey S’b(i)g?[ %@W“u%fe?j CPTROSIA ! pPBl(':stré es I%ﬂ ke tuned according to a user’s
requlrematstanatdimmuyn ra¥ds €sh lﬁmhmbxlﬁimgm trioxide MC3 plarzl cles
re di S olved I n an agqueous sOl utl on
A Hafit g 25 Y, Bt Goopsmueich RALHes 58 o Seeembpdiment of an
MoO; slﬂrryC opihe preﬁﬁﬁPlrﬁ'bﬂifohyWer&ﬂ@é}nﬂiegKo B@bddlﬁ& Hgsaéb%ﬁt KZ@? %m/mlnute with post
CMP surface roug?hness ol}rﬂboutnUt e) "Y‘\hee Surcr)leg gfL E}?amples .’;.,9\6 ¥Le30 were filtered to remove

particles above 1,000 nm (1 micron) in size and 1.0 wt % of 20 nm colloidal SiO, abrasives were added.

The post-polish surface of the copper was good with post CMP surface roughness values of about
1 nm as measured by a non-contact optical profilometer. If higher post-polish surface quality is desired,

the CMP polishing step may be followed by a buffing step. In one embodiment, the buffing step may
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30

20 copper coupon dissolution rates in this slurry were

al so high (e.g., about 1150 nm m nute). See Exanple
wQ0050kase hi gh di ssolution and di sk polish r ap@BsUS2004/024143

indicate the active chem cal nature of the slurry

chem cals. One of the reasons why this slurry exhibits

such a high chemcal reactivity is due to the partia

di ssol ution of the nol ybdenum trioxi de MoO3

involvengddiiopaltyt pdiskisg thnl‘nopherfsurfmen‘miﬂy BelordzedCwaler f6habauo ﬁp@ tto about fifteen
f the rate

ti.on
secor-ldé\?\%c??%i 1&%1%8% %%?[i g{ %g) arbgtﬁgvgg vaptage o uping g g(ﬂgm@ﬂ wart% rinse buffing
step is thg reméval of deattiva clenmads ﬁmbﬁl&a&afér@aﬂﬁnﬁhﬁdb odtlichademads @8sidual amounts

£ molWi r r of th tions of the

L I I N —

surfacep wiefes pbtaintdesftec aubsb@ehmlmfﬂngommg didelpnized avatss @ﬂhse? some with roughness
imzed

di ssol utipn rates can..b
values d5 3l T M ol WGt 80 G SReB P pE el
;ﬁvjith BIIQpﬁn‘gldJusttIEBt fothemmcﬂtrhmﬂls oEthe chidmitdls adiBd BndShigt & Helomzed water

rinse fo? LEngQr %%ggst atnFe::,/n gnﬂ [P hﬁﬂvv\?aﬁeeré)g %h%{gg]der&ﬂ”g} mlilglég%es (e: g about 900
nm/mmp@hg‘;dn@gslowfpostw rabighawss (Ehe abbut 015ite 9. 6Qfm) Mtﬁﬁedz Q?(o%per coupon
0 nm

dlSSOlutl?le r\é\@r§ tﬂ‘ﬁ ;lﬁt%rr %95 fog (rfem) S t%ﬂ%ﬂ/@%ﬁ%}na i als@ﬁ] agpp of an anionic

In Si'ze an

surfactaab el a5 sedive dedaglidedzene FhifonpeSDPS), iwak addet k@8 MEO:La8shing slurry,
ness val ues

th
copper %?B%ﬁ%ﬁéﬁlﬁi@%?ﬁg gé\éaﬁ% gho f{ﬁ@ &Egpmg%énlg 1%%51%3%\% 15161& piceopper lines during
pattern waGf pblohbg.eand Hldnkét aqppar vr_n‘ﬁe}tpohﬂi 128l 08 WbduA TS0 diBhinbitY WePe obtained.

See E the CVWP polishing step may be foll owed by a
o Xﬁﬁﬁélng step. In one enbodi nent, the buffing step may

The g@e@@@ﬁ%@d{ﬂd@]f’oﬂﬁﬁhﬂs%@%ﬂ%ﬁ jlaéﬂ&hmfg rWt@'phSEsh the bulk copper initially
r,surrace

[ hi n the cQ
at a hlgﬁlgglgs%l rgcg 311& %te s 1poaparl (m 1sfa|c]vg\P ?’0 hgsceﬁwr pq! 1\3& kAl is reduced in order to
minimizg ehs(ljmgsofa:topper piﬂes n Withepropen gdjustineabdoitithe 3luft® dR@idtent’ composmon and
a dei oni zed water _rinse buff
process REm B ik S A bl AL B henots & i grmeiad metodoloy of
Pdmhm&ﬁﬂeﬂWpa@samhhﬂﬂawenmwhlch renoves residual anounts
of nol ybdenum oxi de that may remain on the surface of

the wafer-pad. C ean and snooth copper 5 surfaces were
obt ai ned after subsedAMPLESI27r&28Si ng a dei oni zed

i rou ess.. . val ues as. | ow
YK et D UNIE SR TR TRSUhS damete o 32
millimetexy (ihmd| Ther@¥IP pelisbereras a\Birtidrs DWP[EE\mﬂ&dj 1asi40®, Tktgr&fvetpbﬁshmg pad. The

of t dded a
carir rGAMANARILINS, s hSeBETF BTeRin Bis Liecnlsen st soyevotutions per
minute (gyme). gFhet dmgvnvfalfce |plape‘d o18 thiervgppey elis}( wWis B pcﬁintléSberVSQﬁ@& inch (psi). The

slurry ﬂ&v@r was%la?xwmlg . ?h aénoun% %Légp e{)reglo(\)(efﬁtfq%/m rsg#qﬁzspg‘i%'%/g@k by CMP was

ness

determm@d) p:p @easosugibe w&&hddlﬁ“smhaetdfm dbp;see disla bbthibsfofd 4hd raftenV}%%shmg, taking
amount _of

nto cony@Ath i werRTE e P R st 5GP RecRetgl wBbPalsfes. and the

pohshmgﬂ,meﬁ oiﬁlaus wag BRBS)nvenwsin@dhiedte of réhievaMyGBrRUf infi b MBpper removed per
mlnute.slurry, copper coupon dissolution rates becane a%out
O nm mnute, indicating |ow dishing of copper |ines
(amp@rrpgupqnahslsdnmmmf)@rmqml We&é‘lpdig)mémﬂ akpl08 il Sdlass BEAREY containing 400

ml. of th e%fcapsgutfgrl? I\%gpep%r c%fupgnb 1.e. 99 9%% pure) n%dlyntegsm\)/r\g r25 x 25 x 1 mm was used
as the experlmental sample. The copper coupon was hand polished with 1500 grit sandpaper, washed

with dilute hydrochloric acid (HCI) to remove copper oxides from the surface, dried in an air stream, and
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See Example 34. 15 The general nethodol ogy for pattern
waf er copper polishing is to polish the bul k copper
WO piosiosd4sy at a high polish rate and then, asPCT/US2004/024143
pl anari zation is achieved, the copper polish rate is
reduced in order to mnimze dishing of copper |ines.
Wth proper adjustnent of the slurry constituent
conposition and process paraneters, the slurry of the
then wpigR&eNtThie NsopPéri CoupoRvab ethér i@l id theS s@etidr &r three minutes while

BN R N

deioniz&d watefl ridfe, \Weie® il a€ dirt drefin) amihweighsdp PBfeight $d¢s wav iuvegl & calculate the

dianeter of 32 mllineters (nmm. The CWVP polisher was

Wndeleyers DAP(r) with an | G- 1400, k-groove poli shing

[Rdmpl'é'g& cotaihéd B0 w2 MbOLiE dSio?izé(DQ’[&)’ ly(/atéli and . Exapls 2B @éntained 1.0 wt.

. otated).. The rotati.on_rg the platen was 90 . . .

o Moo e aE HInaD & (o Tl T g pridiciaa agent and

complegifig hdeat, g;@p@avelﬂpli The r}{mﬁal@lﬁommgﬁ W@T@bmh.s. The natural pH
Si). e slurr rate was mn. The a nt

of the HyRmplS 38l i FBEEH o  E HGUIFF REEETURESE H Sfeligd iy Hepplow table or

the slurya®mpo&ti&is i3 he Perbanid¥e a5 didnigd tWacrWei anp X7 @k ®MECR cOfprises 1% of

t he copper dj sk hoth before and after polishing, .
the sy EriRgUth 5 6 AR S fOPAEb=E aHSP g aE P e dispey composition.

The sl @iipdsitiodsh oppeiecoupbn URevletos krateahd Yalssh@! ra§ @8t th@RBpper disk of
th [Lishing tj This was then converted into the
Examplfsa%eana 8 Ao RERPEte ‘ﬂ%@? of nm of copper renoved per
30 m nute. Copper coupon dissolution experinents were

performed in a 500 m. gl eaker contai ni ng 400
m . of the chemni cal squtf%ﬁLEA?copper coupon (i.e.

dissolu

99.9P% pure) of di mensi ops 25[ #olZR X Ra was ysed |as
the fexperinental sanple.| The topper coupo isalution, g
Examgle| i S$1acy\Gdnkpodfon grit SpMdpp@miRashed Ravw (tal/itdinl) U
hydriochloric acid (HCl) fo refmve copperloxides fro

~—+

e

27 the [sugbapeo, fbsddn an| gkr s¢g eam and|,d8 WO
2005/ 012451 ﬁCT/USZOO4/024143 t hen wei ghéd. The copper

28 COUPOR YRRIIONG"S 0 IRIREA 4.6 Lha1sho Ut | on 1Pk 1 I ee
y s

m nut és “whi lé “¢ont i hudou

[1rring the|solution.
e copper coupon ywas washed

deiontzed Water rinse! dried in an
air stream and wei ghed. Wi ght |oss was used to
calculate the dissolution rate. 5 Exanple 27
contained 1.0 wt.% MQO3 in deionized (D) water and
Exanpl e 28 contai ned EXANFLES2) 883 i n dei oni zed (DI)

WhRin@ds offekdinplesQ9%REIL uRA0 olfdh HocBppSE HE déposifA on a silicon substrate by
oxi di. zi ng agent _an conpl exi ng agent, respectivel

d 1 " y ‘. 5
sputter depesition: (g conper Bim herl@ dinmgigs obS Jphesy (The (MEerolishse es 4 Westech Model

372 withl eI 400 1akroB¥d polishing pad. The carrier was rotated at a rate of 75 rppm. The platen was

rotated at 75 rpm. The down-force placed on the copper film was 4 pounds per square inch (psi). The

slurry flow rate was set at 200 ml/min.

The amount of copper removed from the surface of the silicon substrate by CMP was determined
by measuring the sheet resistance of the copper film both before and after polishing at 17 points spread
across the film utilizing a home-made paper mask and a 4-point probe. Sheet resistance was measured at
the same points on the film before and after polishing. The measured sheet resistances both before and
after polishing were then converted to respective film thicknesses before and after polishing based on the

resistivity of the copper material, the current applied, and the voltage across the 4-point probe. The
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of the Exanple 28 slurry was about 2.6. The remaining
percent ages not specified in the belowtable for the
W@ bkansny246Dnposi tions is the percentage of dei oPCRE82004/024143

water. In Exanple 27, the Mo conprises 1% of 10 the

slurry conposition and the dei oni zed water conprises

the remai ning 99% of the slurry conposition. The

slurry conpositions, copper coupon dissolution rates

differertt Geto@bn fistigtingaing Sinhlothickdesses ap P poidis Skerdéalculxalrml &%rage thickness

27 and 28 are presented in bl.e 6. . TABLE 6 Poljsh .
oss waggned §RF o B e b RSl OF i Biolr pylgh gt mvmin.

(Cupperi cbﬁlpdﬁaﬁ%sol(lﬂdﬂ d’ibé%men&ﬁvele Perforivedda 4 500 R1. Mads ?Eaklr &ntaining 400
oo G RGPt S i B 418 e 2+ 251
was us@XariK eperlflemdl si@ple. THE Copper @ApdBSWasthat® PPished With1500 grit sandpaper,
e EREEA S B R L T BIRELELE B SBULLEL e, o i an i
stream, iah@ thes weikh&l. QMR copet SdiPon WikSthén Mésdred in Mb d8llitiond0r Bré@ minutes while

. Wth an | C-1400, k- rgove ol i shing pad. The carrier i

contmuwgb sticting tg%l soilftloa. ?\gg%t & EXD9 mFlﬁntFe qqp@erpﬂogmoéxﬁwwshed repeatedly with a
deionizédD{THY @dteRtinst) dfiglin ahhh@ stox-an0 Medshbd. ahRikhe Tosé hes GRBRE Ealculate the

di I'tlln1mas 4 pounds per square inch (psi). The slurry
1ssolufiqnigiey ot e was set at 200 mi/min. The anount of copper

ITaeBMatks fof BRarifle 29U F1awstabibd 0BeviDh hicG®BerDEbLIAE QVIED,) in deionized
s, det.er m ned measur i he sheet re nce

wa .0 t si st
water. G (8o g g a1 et BBl SR VRt SPS<oBP el ogtive seconds.
Exampld 29 pemtm”gsd 6.5%e460; £5.086 gg@§+ tl me%fg'blcmeuftbs i 'E.Im Afiltered with 100 nm
- aper S a_4-poi nt probe. Sheet .
e+ L SR PSS D B TR0 2 b epppine 05%
MoO; bz rfgogmd.oa(rb gl@ﬁndgeg(b sivi Bgﬁ —-ﬂ]l?reﬂﬁﬂ& u:o_e dﬁsh@ﬂ 1.0% Siﬁz. The natural
esi st ances. bot ore er polishing were _then .
P of 5 PRPle 0 STy QU @RI/ { P1HS b RSMI HARGRE Gth s + 0.5 %
glycine af toemwpslmshﬁn@edaazﬁsdow Amt flRr +roe|9/jro Sy T%e &fhurilhﬂ{l of the Example 31
copper terial, .the cu t appli.g and the vol t age
sturry g2 A5 2 gl oG SO Stcs e b Pomisine 6 mut BTA -
filtered Eaﬁlllb@aﬁqmlf@%m Siali frhe namakpH efmeamaxfl;kle |35 &1@2& wag2.8NGxample 33
. fi L ckpg s .as_17 .pQint r al cul ated, an .
cmind 084 40K SELET s Lo T MBS o e 10
Si0,. Tt vibtdatplwf teeExpaple SB stubriBvat @bt 1.6. EREnFIOBH SéhtdiRIde.3% MoO; + 5%
Jin. . Copper on di s i experinents were =
r0: + 00 B 1 EBER 0 S8y PE ot s s B imigta-0 % 510, e
natural pl forGthe El0€y GNBRANGA 345 @hidboIR.6. ATRORRAIze 6108 POMRe phrti€les of SiO, in the
. 9? 9996gu5e) favi dggensi ns of, 25 x 25 x 1 mm . .
slurries of Examples 29 34 was about 20 nm. e remaining percentages not specified in the below
table for the slurry compositions is the percentage of deionized water in the slurry. The slurry
compositions and polishing rates for the copper wafer along with the copper coupon dissolution rates for

Examples 29 - 34 are presented in Table 7.
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5 was used as the experinmental sanple. The copper
coupon was hand polished with 1500 grit sandpaper,
worekiet4di t h dil ute hydrochloric acid (HCL) toPCEIS2064/024143
any copper oxide fromthe surface, dried in an air
stream and then wei ghed. The copper coupon was then
imrersed in the solution for three mnutes while
continuously stirring the solution. After the
experiment, the copper coWaBLEWas washed repeatedly
wi-th a- rh:n ohi-zed /hl \ wat-er—ri-pse HrLed__l__n_a_n_‘a_;_L__%_
stream and wei ghed Vei ghtvidaass was used to cal ful ate
the | 10 di ssol ution rate }he lurfries of Exanples 29
- 34| contained 0.5 wt. faun tri oki de (MOQB) in
Examflei oh$lafg Coidgosition At the Stie of tohepHal ePolpddl i Sh| D@sctution
dei ohi zed (DI) water rins s applied ﬁ five
secohds. Exanple 29 cont aPH&d 0. 50 MoopRates o 03%2
+ 1.0 %glycine + 5 "M BTA(mmfiltefed W (,hn/mﬁ) NP{nm/min)
filter + 1.0 %Si02. The matural pH of the Exanple 29
29 sl urfysago@bosip o 4E1(@47pl e 30 cpntai ped 0.5%[15
MoQB[ + 5. 0% H202 + O%egC|ne+;OrrMBTA- filtered
wi t h| %oelypife 1% @M1BTAQ% 5)02. Thbzpat lizgo pH ofo t he
Exanpfigral §YARiOYy was aboyt 2.9. Ekanpl g 31 contpi ned
0.5% MoB + 5% H2ZO2 + 0.5[% gl ycihe + 10 mM BTA -
filt myfdlter + 0.1% Si 02} The natyral
30 pH o%?&l M@@ 1;Loso()ﬁél d§|—hl ry was apout P.6. Exanple 32
cont ai. Bf‘écgl}@n&% Vo881 B1306- 1200 + 0. 5, §6 ggyé:zisne + 1@ mvi

BTA th 100 rimfilter]+ 0.p% Si 02. e
natgLrTaF cﬁ@fﬁéjﬁ{]‘% Exanpl e| 32 slurry wasj 2. 6. Exanple
33 F 5% 22 F 0[5 %glycine ¥
310 MO ngé gf%g("}j 100 nmfjlter|+ 1.0 % Si 02.
The |ngydiieal + ptd ohmt IETAXapl e 33 s/%ry s abouf: 2. 6.
Exanp ﬁe 34 é?%ﬁa%ed 0. 5% Vo3 + 5P H2PpZ2™+ 0.5 /3
gl ycf HEred 4 A + 0.0p01% SDBS | fillered with 100
A rter—+ 10 9% Sro2: e Traturgt—pHfor—th ForTy

32 of ﬁx‘hﬁ%ﬂ\@%&%é{@bﬁg@‘@ 6. The ajerage size of| the
partigl&s of & Qgm mtde_|slurries| of Exanples 29 - 34
was [about 20 nm _The remaj Y ng per cefit agE@ not
spe0|ﬁlteé‘?ﬂl+915%r$é0bel ow 25/table fof the|slurry

H hao + ana ~f an odaamt A 1N
Ll Ull\j | D [ ||U FJCI \JU UU Ul CITUI1 AoV | VVML T —rir

33 the SOS,%MQOsW éiz@H*QS % prrposi tions and poli shijng
rat es <;r the,f£9 fer along with the copper
coupo§1y %ssol Ut i'5n ra es o Exanpl-es P¥5- 34 qr¥
pr eseﬁdte&dﬂ hoYa$%De 7. 20 WO 2005/ 012451

PCT/IUS2004/ 024143  TABLE Mean P icle Examdle
34 Sl ur|ro/s%omgmst 3% eROSHE8 99f pH Pol ijsh Dilssol ution Si 02
Rat ¢ Rat e
glycme + 10 mM BTA +|(, 2.6 750 0
0.001% SDBS - filtered + 1.0
% SiO,

EXAMPLES 35 - 37
Slurries of Examples 35 — 37 were used to polish six inch copper blanket films. The CMP
polisher was a Westech 372 Wafer Polisher with an IC-1400, k-groove polishing pad. The rotation rate of
the carrier was 75 revolutions per minute (rpm). The rotation rate of the platen was also 75 revolutions

per minute (rpm). The down-force placed on the copper blanket film was 4.0 pounds per square inch
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(nm (ummn) (nmMmn) 29 0.5%003+5. 0%2C2+1. 0 %

glycine + 5 MM BTA - 20 2.9 1250 70 filtered 1.0 %
WEG2@2/08350. 5%0003+5. 0%202+ 1. 0% gl yci ne + 10 PdA/BIW04/024143

20 2.9 1225 40 filtered + 1.0% Si 02 31 0.5% M03 + 5%

H202 + 0.5 %glycine + 10 nM BTA - 20 2.6 600 35

filtered + 0.1 %Si 2 32 0.5% Mb03 + 5% H202 + 0.5 %

glycine + 10 mMM BTA - 20 2.6 775 35 filtered + 0.5%

(psi). ﬂie@ﬁnn@?ﬂoe/r&%/m{b@@mmﬁ% H202 + 0.5 %gl ycine + 10 nM
BTA 6 925 35 filtered + EJS % Si 02 34
‘5"0/%’&% %%2@@05%%? theseriace phthgilisqpsubsipate by @MPps determined

by mee@urlr@ tBOHe SERSance bf tHe@bpsdr filnl b&h%ﬁk@%dm&gl%ngﬁt 17 points spread
| urri.es of Exappl es 35 37 were used to polr1sh

scross B iy ek RErpgneBidsheRtr niosk pad @ 4rpeiniavpbe. eShegi resistrape wesmeasured at

the sant ﬂﬁﬁﬁst 6 the g bY¥okeindPdet §chf§limg\/| trhe fi&Basén@d LA restirafilc® BYE before and
he carrier was

hi d. Th tat|o
after P‘gléhlPévlsrp “flgﬁ‘éve&é TR [flﬁlfﬁ %wkﬂ?ﬁﬁés hefra prchicr pelishipg based on the

res1st1vtt;h ef ﬂieaiogﬁbr\ﬁmer&h She Zs'ﬁ“rernﬁ 11@& | A0 She PEfagBabidseint r4q551nt probe. The
own-force placed copper. bl anket film

d1fferelyfe get&eﬂhﬁg S%Flgsaﬂg dinal ¢ 1ﬁ]gﬁsse§ gs aifyy gyem@@@ted an average thickness

loss waP6BaihA0 Wa4chdivifdty)the &ﬁ@h ihélo givel thO¥BIER R RS/ ARO0
/[ mn. The a unt of co repoved fromthe surface

PP SOUOP B SSPFrRB NP RABoBR 101509 lilps besker containg 400

ml. of tﬁed&uﬁdang)ldtfcbﬁ An@BbercBos (29299, phlRehAA BiedsidnSbPH 025 x 1 mm

n er polishing at 17 points s
Ueed0 ate}l sample. The cop%er coupon Veas hand polPshed with 1500 grit sandpaper,

was use% as the experimen
washed with dilute hydrochloric acid (HCI) to remove copper oxides from the surface, dried in an air
stream and weighed. The copper coupon was then immersed in the solution for three minutes while
continuously stirring the solution. After the experiment, the copper coupon was washed repeatedly with
deionized (DI) water, dried in an air stream, and weighed. Weight loss was used to calculate the
dissolution rate.

Example 35 contained 1% MoO; + 5.0 % H,0, + 1.0 % glycine + 5 mM BTA - filtered with 100
nm filter + 1.0 % SiO,. The natural pH of the Example 35 slurry was about 2.6. Example 36 contained
1% MoO; + 5.0 % H,0, + 1.0 % glycine + 10 mM BTA - filtered with 100 nm filter + 1.0 % SiO,. The
natural pH of the Example 36 slurry was about 2.6. Example 37 contained 1% MoO; + 5.0 % H,0, + 1.0
% glycine + 15 mM BTA — filtered with 100 nm filter + 1.0 % SiO,. The natural pH of the Example 37
slurry was about 2.6. The remaining percentages not specified in the below table for the slurry
compositions is the percentage of deionized water in the slurry. The slurry compositions and polishing

rates for the copper wafer along with the copper coupon dissolution rates for Examples 35-37 are

presented in Table 8.
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across the filmutilizing a hone-nmade paper mask and a
4- poi nt probe. Sheet resistance was neasured at 5 the
waeaws/opasnts on the fil mbefore and after pol i BOM/N§2004/024143

The nmeasured sheet resistances both before and after

pol i shing were then converted to respective film

t hi cknesses before and after polishing based on the

resistivity of the copper material, the current

appl i ed, and the voltage across the 4-point probe. The

di fference between the st&g# and final thicknesses

as 17 points were calcula aver age thi ckness

[ oss{was obtai ned which was] then dfvided]by the pg¢li1sh

tine go géée the polish rat|d ¥ nminin. 10 Copper
Exampleup p Slugiys€ahprsitiom exper i nereativier ¢ perfqrned in a 500 .

m . gl ass beaker containigg 400 931. of ghe cheni Q“é%“mn

sol ution. A copper coupon (' §Yos, pqué” Shavi @Rate (nm/min)

di mensions of 25 x 25 x 1 1omas ysed ag R

expefinmental sanple. The co coypon

pol i shed with 1500 grit sanéggé | masnﬁdnmf'ﬂpdllute

hydr Crgl oric a(,lgdﬁruﬂz C renove Copper joxides—f1om
35 the surh a9s T?-PedHiy hoé r stream and [wei ghed. |The

COPPEEyGAYUPEMMESTA DefieicdnEr Sed infthe saol ution for
threp ninutes while 15 cont|ifuous! y28tirnildP the |35
sol uf 18%.Si%f ter the experinent, the copper coupon|was
‘V‘ba's_h- 29 Aoilan: 2 Aad DL it Ar dr r~| Ln
- T UTTTOTIT 2 CU lJlT VVQRU ©T—, OT I T 11

36 an a|t %stMotham S.ahdlxkitgh8d.{ Wi ght {| oss Was used {o

cal cp I rate. Ekanple 35 cont al ned
1% M %&%&‘%mg 'B}qlggg“%%?% gl yci ha6+ 5|AMBTA - | 50
filtptéd%$iOh 100 nmfiltgr + 1.0/% Si 02. The natura
pH of the Exanple 35 slurry was abbut 2 & Exanpl 36
37 cont piMeMo0205.0% MaOB++1.6%0 % H202| + 1.0]% gl ycing +
10 mM BTA - flltﬁgﬁﬁ th 100 nmf|lter # 1.0 % S| 02
The h&¥drar BN he Besdhie 36 s| mery \aso about | 25 6.
Exanpt e.0%7siopnt ai ned 196NbCB + 5.0/ % H202 + 1.0 %

glvcilne + 15 nM BTA - filtdared with 100 mmfilter|+

1 O % Si 02. The natural pH of the Exanple 37 slurry

: n ! ﬁgﬁ) %& \I\?Ott% -&P@n% ﬁc&&%ﬂ&s{ug\ggﬂr?&gsfgﬂ%t oﬁ ec%c]:u‘tt ﬁgtential of a

copper geypor it dgeMo0; ddironivae dobleite that nf & hentaim rcoyponTindicating that galvanic

corros1c§1I &f e%e?@?@@? aaf 5 ﬁl%ﬁleﬂﬂﬂlrlg% Ezi H{ Vo&er%)%hg e@lg&l?&vllf H%lmlze the dishing

per ‘coup I'SSO
of comeaileesi f'Bre detadloolf é@ @@emermleproqu@s elmpbtdmmg tﬁa#slresu&s a®2as follows.

EG&G %d’r%g lozgﬁglgéigrltlo gyéek‘@%g?cé’!n% ltigg% lt;e[’%"réggl E/?g%glﬁ)dynémw polarization

lurr nposi
experin@ﬁtSpH thnot- plgWomp@ﬁgmflm qopsisting of a working electrode (Cu/Ta coupon), platinum

counter electrode, and a saturated calomel electrode (SCE) as a reference electrode was used. The three
electrodes are immersed in a 250 ml of the chemical solution and the potential of the working electrode
was scanned from -750 mV to about 1000 mV w.r.t. open circuit potential (OCP) and the resulting current
density was monitored using a EG&G Princeton Applied Research model 352 softcorr TM II corrosion
software.

The general method for pattern wafer polishing is to polish the bulk copper initially at a high rate
and as planarization is achieved, the copper is removed at a lower rate in order to minimize dishing of
copper lines. With proper adjustment of the MoO; slurry constituent composition and process

parameters, the MoO; slurry of the present invention may be tuned for this general method of polishing at

23



10

SS2 Rate (nm) (nmmn) 351 %M + 5.0% H02 +
1.0%glycine + 5 MM BTA - filtered + 20 2.6 1230 55
wa 20508402 36 1 % MoB + 5. 0% H202 + 1. 0% gl ycP@EUS2000024143
mM BTA - filtered 20 2.6 1120 50 + 1.0% Si 02 37 1%
MbO3 +5.0% H202 + 1.0% glycine + 15 M BTA - filtered
20 2.6 760 35 + 1.0% Si 02 As shown by the
pot enti odynam ¢ pol ari zation curves in the figure,
a highep prandli thentai lowirattenTardd lum dissoluthon @@ Pisk palish REd3 With thd¥me MoO; slurry

| | f |
were bR e R Bt e B B bt tatam,
good ph CMFxueiatectiistiiand fogv gbedsive ictnteaf 1e4dinpab b $dtutd nodfibetbEWbdtICMP defects

nonim t he .di shing. aof co r lines, Th etails of
el B e P B € O e B 0 s conper o
processar e as.folloms. EGG nodel 273A

R B R 5 St o S B2l porant evelopment i
CMP téchnaegye | Ehe tprasitler and pfdcens rdiseiisos €500 i tnbd, didtinativeOAdel Highly beneficial

| ect rod / Ta_coupon),, .pl ati.num 10 counter .
fom o i) B GG oo Bt ehsdimentsof the presen
inventian, liteif entieipated elacaiitabiel thodiiBativhe Gan bENRade MeRRo whic GliNl @6lR%heless remain

cp. Ale | sed i.n a,.250 nm. of the chem cal solution and i
within 3 Scop SRR e X MyBioR i I mEPraub Do 628 S fpseprdance with the
followifg daims750 nmV to about 1000 nV w.r.t. open circuit

potential (OCP) and the resulting current density was
nonitored using a EGXG Princeton Applied Research
nodel 352 softcorr TMIIl corrosion software. 15 The
general nmethod for pattern wafer polishing is to
polish the bulk copper initially at a high rate and
as planarization is achieved, the copper is renoved at
a lower rate in order to mnimze dishing of copper
lines. Wth proper adjustnent of the MoG3 slurry
constituent conposition and process paraneters, the
MoO3 slurry of the present invention nay be tuned for
this general nethod of polishing at 23 WO 2005/012451
PCT/ US2004/ 024143 a higher rate and then a | ower rate.
Tant al um di ssol ution and di sk polish rates with the
same Mo@3 slurry were both |less than 5 nnim nute.

H gh copper bl anket wafer renoval rates, high
selectivity to tantal um
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good post CMP surface finish and | ow abrasive content,
| eading to a reduced nunber of post CWP defects and
weaasen4pnst CVP cl eani ng, make this slurry anPCT/US2004/024143
attractive candidate for the first step of copper CW
5 process. In conclusion, the clainmed product and
process collectively represent an inportant
devel opnent in CM technol ogy. The product and
process di scussed above are novel, distinctive, and
hi ghly beneficial froma technical and utilitarian
st andpoi nt. Having herein set forth preferred
cLAIMsbodi nents of the present invention, it is
anticipated that suitable nodifications can be nmade
thereto which will nonetheless remain 10 within the
SICOFJe A adudsusi payittal Miry fHRBhekdid4R HebRRicalPAdnbriiahies, RbMp/sing an oxide
be construed in accordance with the fO||0MAng
of mob@ﬂ%ﬂﬂﬁ%ﬁﬂ 2R O¥igizga8I™H 12451 PCT/ US2004/ 024143  CLAI MB:
1. An aqueous polishing slurry for chem cal - mechani cal
pl anarization, conprising an oxide of nplybdenum and
@n oxi Hhe2Aveguseplishing shurryrefelain | e whezeip spid §’Hf1fh©f rgqlxhdﬁsw%fs MoOs.
claim1, wherein said oxi de of nolybdenumis MQ2.
The aqueous pollshlnq slurry of claiml1, wherein sai
oxi de OF 2AvnoyHRpdishing slemiafediim4, whesein s3id, %@%ofgmlybﬁﬁv% is MoOs.
slurry of clainms 2 or 3, wherein said pollshlng slurry
conprises about 0.1 %to about 10%
dar t | Aheaqegouspelishine syt climsrd or éqwﬁ%ﬂg Sﬁémpgwmgsluny comprises
about 051940 o 1 0% b3 iEBzhZpdAicied of MU, @ BMo®’i d oXi di zi ng agent
conprises onhe or nore selected fromthe group
consisting of ferric nitrate, potassiumiodate, nitric

aci d, BRGquddeé ASEhMNsREK TEREANADL &r 36whif siill WRRKSng agent comprises
O|IShIn slurry of clains 2 or 3, wherein said slurry

one or g figlecieth A, G ol CBNPENG € GG AlTRin PO IiaT fodaes g acid, and

potassitiri BerfafdaRate. ONSi sting of polyacrylic acid, a carboxylic
acld or its salt, a sulfuric ester or its salt, a

sulfonic acid or its salt, a phosphoric acid or its

wlt, mdq@eoﬁybémﬁlug Glufty Gf @Gints Dbr 3, Ivtlﬁreﬁﬂéatd sidrry flMBer comprises an
aqueous pollshln urry of clains 2 or 3, wherein

anionic GuyTeP Y o Fogedrinm ﬁ@rgr%rﬁﬁﬁlg@g °§ﬁ°ly?§é¥1}°d}‘ﬂdea§%ﬁb?’§élf Apid or its salt, a

sulmrlcseﬁﬂeﬁgxtl%@aﬁ raQUMSHEacid SUR s8R RPhdsphbEe 2hd & iRIhINRAY a §lFoB&cinic acid or
or its salt a secondary amine or its salt, a

itssalt.t ertjary amine or its salt, and a quaternary am ne or
its salt. 8. The aqueous polishing slurry of clains 2
or 3, wherein sajd slurry further conprises agne

More SUS3AERBHPAIShIAS slyHY ef At 2 o> d\éheﬁ’&‘r it lwsy further comprises an

cationic surfactant selected from the group consisting of a primary amine or its salt, a secondary amine or

its salt, a tertiary amine or its salt, and a quaternary amine or its salt.

8. The aqueous polishing slurry of claims 2 or 3, wherein said slurry further comprises one

or more supplemental ceramic/metal oxide particles.

9. The aqueous polishing slurry of claim 2, wherein said oxidizing agent comprisés one or

more selected from the group consisting of potassium iodide and hydroxylamine hydrochloride.

10. The aqueous polishing slurry of claim 3, wherein said oxidizing agent comprises one or
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9. The aqueous polishing slurry of claim2, wherein
sai d oxi di zi ng agent conprises one or nore selected

wo e@si013361 gr oup consi sting of potassi um i odi dePEnUS2004/024143
hydr oxyl am ne hydrochl ori de. 10. The aqueous poli shing
slurry of claim3, wherein said oxidizing agent
conprises one or 25 WD 2005/012451 PCT/ US2004/ 024143
nmore selected fromthe group consisting of hydrogen

more sPIRELEK ifibd t1&0§@§§ldéﬂé1@ﬁgs¢ﬂ it en AEREXdeY Potalind Yefsalf@e, ammonium
otasslun1per|oda g' droxylan1ne 11. The

PmSMﬁﬁﬁB@6ﬁ§mbﬁVPgﬁ%ﬁ ¢ claim 3, wherein said

slurry further conprlses one or nore nonionic

surfa tants selec romthe group con5|st|n f the

fdmi | ;;,T hsfaqbe&p%,gq I 1|ngﬁ rrgq%fd:&ﬂng% I&delerep s34 Hay er comprises one or
more ndMicHEHAGarM R cte€ BB theSiri\g conddéti¥ oflihd GandlySof BBl thfAtne glycols.

MbQBi and heating said supply of MO8 in a reducing

at nosphere to a tenperature in the range of about 400

@21 0 2DRbhod RP plodihdis Mo, BBmprididghe range of about 30

m nutes tQ about, 180 m nutes. 13. A nethod for

poI|sﬁWﬁ@i@ﬁb%@PyﬁﬁN@ﬁ%ﬁW@al-nechanlcal pl anari zati on

conpr InSAtiRG said Qlippi bNBIoOY RPE FeduSihg) Sudshetel t§ hi taapd@aadfeam the range of
aqueous sl urry conprising an oxi de of ybdenum

about 4%& toraboyy %PQi’.szOﬁg“@@ dhthe rapge ofﬂ%utﬁ@frﬁwesa? alzqual%rmsutes

wherei n said oxi de of nolybdenumis MQ2. 15. The

nmet hod of claim 13, wherein said oxide of nplybdenum

ild Mods. methed fePolishing qoapperc Py Ghemical-Beehguical wBlaieeragion comprising
olishing &b epﬁ§11|1 Jhehifd pdrad 60 Rlebii@SurdR8mbridin Jxe o2BRWbdenum and an
P n% by vveglsg%t pa{(’ll;itgklr cl es gulvoozngr 03 gl%? The Wo
Omdmuﬁéﬁﬂﬁ of claims 14 or 15, wherein said oxidizing

agent conprises one or nore selected fromthe group

consisting_ of ferric njtrate potaSS|un1|odate nitric

ddi d, Thracped akdaim, wharein siderdtieo! molybdymmn isMefsd of

clalns 14 or 15, wherein said slurry further conprises

an anionic urfactant selected,fromthe grou

donsi &t ngthef? of ARy Wherein spid epidesofanplyhdggm s MeQsd or

its salt, a sulfuric ester or its salt, a sulfonic

acid or |ts sal t hosphoric, acid or |ts salt, and

401l f oddie Seticg oée%aanscr& 1S, Shprein S8 PobHing R gPrgEises about 0.1% to
about 1% 8} Weightlpadclel of MObeEAMBOsal d sl urry further conprises

an cationic surfactant selected fromthe group

consisting of a primary amne or its salt, a secondary

am ne TRé nettod Slclaime 14 bEN S, RhefeiR FhiD Q)xﬁlﬁznigt SpeftPédmpri®diCone or more

guaternary amne or. its salt 26
selected from the group consisting of ferric nitrate, potassium iodate, nitric acid, and potassium

permanganate.

18. The method of claims 14 or 15, wherein said slurry further comprises an anionic
surfactant selected from the group consisting of polyacrylic acid, a carboxylic acid or its salt, a sulfuric

ester or its salt, a sulfonic acid or its salt, a phosphoric acid or its salt, and a sulfosuccinic acid or its salt.
19. The method of claims 14 or 15, wherein said slurry further comprises an cationic

surfactant selected from the group consisting of a primary amine or its salt, a secondary amine or its salt, a

tertiary amine or its salt, and a quaternary amine or its salt.
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WO 2005/ 012451 PCT/ US2004/ 024143 20. The net hod of

clains 14 or 15, wherein said slurry further conprises
wor@so1246Dr e suppl enental ceram c/ netal oxi dePCT/US2004/024143

particles. 21. The nmethod of claim 14, wherein said

oxi di zi ng agent conprises one or nore selected from

the group consisting of potassiumi odi de and

hydr oxyl am ne hydrochl ori de. 22. The method of claim

9, WEHeehstheRbfl claisd] Z bngs,agkdiéin GRidplirBe furth&recdipri® 6ne or more
selected, ,frogmthe group consisting of hydrogen
Suﬂﬂmﬁ%?ﬁﬁ?ﬁ@?“ﬁ%§8§@? U sul fate, ammoni um persul fat e,

pot assi um periodate, and hydroxyl am ne. 23. The

t hod_of c] aj 5, erein said. slurry further
npr Idg‘@Sm%@ @rc}%r@ Wfi?f?‘aﬁﬁ 0’%%?1?%3 eqh FUNRLISPSe Y more selected
from thé ERIp tHRisEiOPoaeHEh Biida gndilydidx§lafndi¥ tydroeKloride.

pol yet hyl ene glycols. 24. A nmethod for polishing
copper by chem cal - mechani cal planari zation

QNPT i EHeNakthodPsf Qi i 1I3g wherbin GRidRXidisihy A@h€cohlpikésyone or more selected
co r|S|nq,d| E&{ved MoQ8 and an oxi di.zi ng agent .
from thﬁ(gr URHPRYRS ﬁg rogep meqoﬁlge,mobqqm%|pFr§hlfqteatagm§>pwp1r Rﬁrsulfate, potassium

periodaf¥; &nd 1§ dRGyldminew pol i sh rate slurry conpri sing
di ssol ved M3, an oxidizing agent, and a corrosion
inhibitor; and additionally polishing the copper with

e | OmHepAdthnofl Adif B, Whepsin % sty FGHIRP USmSiist bk $iOmore nonionic
cheni cal - nechani cal pLana{hz?tLon conpr.i si ng nol ybdi c

surfactaggs; sglected,fom the group consisting of the family of polyethylene glycols.

LSS

24. A method for polishing copper by chemical-mechanical planarization, comprising:
providing a high polish rate slurry comprising dissolved MoO; and an oxidizing agent
polishing copper with the high polish rate slurry;
providing a low polish rate slurry comprising dissolved MoOs, an oxidizing agent, and a

corrosion inhibitor; and

additionally polishing the copper with the low polish rate slurry.

25. An aqueous slurry for chemical-mechanical planarization, comprising molybdic acid.
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