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TI TLE OF THE | NVENTI ON: COMPQOSI TI ONS FOR CHEM CAL
MECHANI CAL PLANARI ZATI ON OF COPPER BACKGROUND OF THE
I NVENTI ON [ 0001] This invention relates generally to
t he chem cal - mechani cal planarization (CWP) of netal
substrates (e.g., copper substrates) on sem conductor
waf ers and slurry conpositions therefor. In
particul ar, the present invention relates to a CW
slurry 5 conposition that is effective for use in
copper CWP and which affords | ow defectivity Ilevels
on pol i shed substr at e§T-& oy NNk essi ng. Thi's
invention is especially useful for step 2 c

whePMR Q@RI THANS CP'%lQFiEM@Péal MWW'%?WB&E&'@%%@ COPPER

is desired. [0002] Chem cal nechanical planarization
chem cal nechani cal )i shin f or
|(ol anari zation of %@éh&m%&%ﬁmwﬁé@%’ now
nown otoe killed in the art ha
WoBE] Y SR erlib RS cReialy fo tan shamucHnecBRaicalRanarzation (CMP)

@ﬂ)rhbﬂacaibsﬂases (ARy., doppeoslitstrates) b@fs@mamauaar whérd éndi§lurry
f ol al - Mechani cal Pol

%‘%m%‘i’s't"’”@ﬁ%ﬁ?g’ ¥rparficals the Bresgey, '“Y%?“Péﬁﬂ%@él%o éfCMP Sturry

&ﬁﬁpmmmhn& eWBtEtH/E&éi e :ﬁG:opE@Cd)MP' aHaywhiell bif&rds low defectivity
Ni shi and Dekker, New York C

ce Gty
ears p%@ﬁ[ttmg raﬁegéoliwq:grwpcmfﬁcﬁ%%@s iavenTionts gerecially
(fg.-for SepRic@pperd GMP!ved Idv defeBliviftieVdld Bn planbRiatd sutdtrates is
gol [ ghl ng pad attached to a platen. A CVWP slurry,
PBally an abrasive and chenically reactive

r i S upplledt t he pad durijn ceS|ng
Bothe Enerial FRbabriea) piarn caBNAhoTn I BEBES i PRLHING: CMP) for
ménm?@nb@ of é@m@bﬁd@ﬂttar s@:bdtr@t@lbid T]cam chﬁﬂ)ﬁkndv@'t Rl tResa\Elille’d in the art
er carril e stem or ol I sni
SR bttt B nasays BolenBiHtoptn teralie piiaications. An
ihtredgdieryTryfepsreerapl CRPas at i‘tﬂloﬂﬁsa"mfdrﬁ@élll\%br{aﬁ@al PHishgby G. B.
%‘[.oce s b he callqyﬂag ani cal | |nteract|n%@
PR 83$? S ‘?%ﬂ RHBeS oSed%OQCBlctqr nufacturing
eécfna@togpf edifdes: rxatmbhm@ R.Dy& RN Mabdel DarkdraMeweldtk Ot (2000).
to the substrate. Polishing is continued in this

[oaosEr mmtyplcat mpok&scé@d afsubsir@te (&.a¢ Méi)rﬁ??céé in ccintact with a
u ectiv eing to effective
iofalRl oy shing Bo ETER e = PHYBe A YR UTE heigaI Py aade and
aﬁnqcmtyaema@ rﬁblija§l|3/§upbﬂﬁ'[a6 It e, pRIANNGTMP Iprécks8ing of the
in an Q ueous, ne

SRR G TONRE bRl brackns dhm ek I15ed do HSER) fa ikStrate are
fotHteg walled vﬁafé:(mlnﬁé‘r s@bt@ﬁ‘) or ;idll@hlﬁ@hle}éd abﬁﬁésl#ﬁﬁss?ure (downward force)
dle@iﬁgﬁr %sf'k whi ch can wk diele

rp%/ G OWecﬁllg)r(y Aeeo 1sla@q1té1p plarg_arizatlon (pollshmg) process by
chemically and mechanically interacting with the substrate film being planarized due to
the effect of the rotational movement of the pad relative to the substrate. Polishing is
continued in this manner until the desired film on the substrate is removed with the usual
objective being to effectively planarize the substrate. Typically metal CMP slurries
contain an abrasive material, such as silica or alumina, suspended in an oxidizing,

aqueous medium.

[0004] Silicon based semiconductor devices, such as integrated circuits (ICs), typically

include a dielectric layer, which can be a low-k dielectric material, silicon dioxide, or other
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material. Multilevel circuit traces, typically forned
fromalum numor an alum numalloy or copper, are
patterned onto the lowk or silicon dioxide substrate.
[ 0005] CMP processing is often enployed to renove and
pl anari ze excess netal at different stages of

sem conduct or nanufacturlng For exanple, one way to
fabricate a 5 multilevel gp nte[connect or

matﬁrlgh aMu@tprbeqlrcwt raGes tyqs%ﬂ!lgg rama Uéraﬂuralo(g)?pdaéummum alioy

or &pel, 'R BaltébE bRIDRE iIdvwRk @8 sﬂl&ﬁh diaride eebgrais.ocess. In
a sem conduct or manufacturing process typically used

[odog] f @MP Broddbding RVsHenGIRN6Yed toiremeoe aRe blanarzabtdess dhetal at

dlﬁg[@é ﬁagg%gﬁ;qg‘glpor,xéfcgcp eré@'\ék%?tw?r{gﬁ F;qﬂqxa(ng%y 898 g\@gég Ifabrlcate a

muftdiel BSpfe fitére8nnddh oﬁplbhﬂi G‘o@ipepdilms&ces be ai gitcen|dioxide
di el ectric (ILD) surface is atter

SUQ%T@%ﬁtrﬁf@ffgﬂ tea% the ¢AMBIELE P oqeas,f W@%gzgnéﬁﬁor manufacturing
prdcé@@%%%llgf Qéed/®ifbint a8lm@fievd) ngﬁ@ﬁﬁt@kconh@étemwmedtcapper lines

or GARPGE e @6 oTRE Y BIGCUPR R EE LG HoRda 108 TGRS X fHRer CMP

prRBs@RbeH PHpRaPHRELS tHe@MfﬁrlerTEI@(ﬁrlé (lt.ansmrmcﬂns patterned by a
tantal um and/ or a diffusion ba E? %er suE CFF? tal
conveniipnal sry.pich PERes q ITAiaRATA Tenches B derticaland figsizonta

int&rdbhrces APmaRe Gohdtetion eed subRpehiatredheri tfuctufee The
adhesi on- pronot i n%ﬁl ayer 15 and/or the diffusi

patiiied deD pUSAS 1P SORAE MDA 255 OB RIPAIG, s SUch g ttanium or

tarﬁéqQﬁ%r@!ar@dlﬁuﬁﬁegarrléﬂﬂpéﬁ sdcﬁ)é@rtltﬁﬂd‘nfrﬁlhli@wﬁanhaluramitnde over
el ectrochem cal | te% cop er |

thege Possiriace And Gte Uik FIRbRRITERANGR PSSt T Erdshas O AESoting layer
anfifok tHRAididh b&?ﬁeﬂl@?@ﬁh‘t% M@ated:wmbd)pper foMBxample, by a seed
processing is used to renove copper over |
coBRATIRNeS AN [DIRUER, Y 4o/ TOCMRTEPDY SO B CERPH ST Floctro-
deb8Mfdn is Bhfiducd UHtiPR@Itrietlires drbaNed With fhecdgpesied metal. Finally,
el evated portions of 20 the dielectric [

CNIP gracaesing i eed te feRy Ve teragpaer QregBye; ﬂé’?ﬁs'%@%ﬂf’ggg layer,

and/d d%@ﬂﬁ%ﬁ:erﬁ%' uhtif & blapdrivdd $urkice withi expbset elevated portions of
conductive copper formng the circuit . ﬁsrerl,conn

thq BeeTIcHERPTOMEN e BR0ISE BPEK) TAIRCR RRBFhg TS VsaNp drgnches
rerhéln affﬁeél' Nithldigctidamg E:élﬂmctlﬁé‘aéppé RS mi r@m&?ﬁrcﬂlﬂhbreénrtehts

barrier” layer material be significantly

[oditieqh%hérhaﬁe 7Y cobséiowb draéessingris desifeRic ttid Gsuatly anpartant that
in"order to avoid or mninm ze dishin

thg eempeMabeate of e r@@tglsqqgl(pqﬂlertlﬁ}éerdp@p%%pl%gnnFcanlly higher than the

rerﬁb@ﬁ ARV EbMctrd nidbidl IS bR W orQWBnrﬁt@ ARHMgindtal features
npl oyed involving the jnitial renov

or srcafm ofAhe distecdic. tﬁHt@"aaiwsur a m#@ratepﬁeﬁpef CSMPé%f PRRPS{RAY be

en?p?oﬁdﬁh\?cﬁviﬂg ARPAREI @WVEF&Qﬁﬁﬁnarfz@hd)rOMﬁﬁe R¥pgeranvertiveten,
ayer CMP process. The barrier |aye Cg/Ppro

refrerréqa@ﬁs pystere] eppREY GNP pEoogShAPHaWS Ry2 rggr @ve'béMé’ process.

Th%rr@éﬁ&?e?scwp fo?dﬂe@é'ﬁsl Weqdehtly\@erhﬁi ﬂo@éﬁdbérﬂ@f ot 41€p 2 copper

renoval rate of the copper and

CMBpeasess- Frovmeishng waéyf&‘*e\éﬁﬁhfhak th@ H%mav@'ffa@uo&ﬁh%ffpﬂeé pnd the

ad'h@¥Sﬁ prabtirdPhferHRiritie 8FGSEA bhRRr Idyermval bdtﬁbﬁeaﬂﬁl exceed the
di el ectric so that polishing effectlveI%stoP
re@pgqlgg@cpfg@l@qtmgo g\et pelishing effectively stops when elevated portlons of the

dielectric are exposed. The ratio of the removal rate of copper to the removal rate of
dielectric base is called the “selectivity” for removal of copper in relation to dielectric
during CMP processing of substrates comprised of copper, tantalum and dielectric

-2-
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dielectric are exposed. The ratio of the renoval rate
of copper to the renoval rate of dielectric base is
called the "selectivity" for renoval of copper in
relation to dielectric during CMP processing of
substrates conprised of copper, tantalum and
dielectric -2 material. The ratio of the renoval rate
of tantalumto the renpva

te of | ect i s
mategip|. ethe; Talio of Hiegemoyph gte & gh e G e Bt i B Bfbiecto base
is déﬁécﬂth:eogelb@my eﬂoﬁﬁémwa: dutFnta?Jrﬂﬂe|mibncesmmjc iy CMP

sturri es Sel eC

pr%@ﬁy‘ag Whan CMF glumﬁs |H1 high agliesﬁj]vng 60r3{ég{o§§l?c§ gtf:r and tantalum
in rdRBon td &Sleﬁﬁ’ﬂl%ﬁ?é ub&y, ehé& cgpRr @%rsl an"emaeﬂy oﬂdnp&hsﬂbd creating a

de;%rgggél% Qﬂ,ldgl% @%?etza I{.’I%g%o%g?;]ylgs PB%?‘&P@"G& C\thésr {éaMFS distortion is

undtRapEsR ARk 18 lithiyraghid atdeweppdtistramitlinaiehdcontiuntr nmnulfa;:turlng
i n sem conduct or manufacturing. [0007] Another

[000ZRt KASthal flaflirk idistortibi@that & wHisltaliladresefrdconductor manufacturmg is
seni conduct or rmn&b%ct urin

calledogiasion:'s Efason 1 pﬁBﬂS?"EY P%&F%Wé’eg’é‘% %ﬁélg%F d'elle(f tric and a

dede s/ cff(‘doFbér \ﬁé@oﬂrer@ﬁ%elnammaytmfmatepale lin tHeadense array maybe
trenches

terials in.th
rﬂ%ﬂ@l@rf@oqe@rﬂ;\pefastgf raég g%éwotrﬂglsugoq%qgéﬁela gF i% e%an ﬁ,}hls causes a
topoYFaphy iteiénde titdledr thdifRldeeftdidlectrid bihd thenderese capper array.
t opography difference between the field of dielectric

[oc%?/g m@pleame@mersmryrms twbRR08s, A dmmlcc.':abbmposmn and a
slurry has two, ac

en.ca

megbaaP o oD, AURIPOr AR CHRPRET AL & SHEY GRFRITDS PRcuife ot
ratgF Uil‘qﬁé’pﬁ%iv%@ttrﬁfbté B th@?ﬁé%&:hﬁh@bpper&t dissolVad b{szmcha{nlcal

etch rate is the rate at ch co IS
COMRENeIH @RneAndshoy ﬂgw{lca‘ﬂﬂg Il%tve‘{ WSJF%ogélc}aféeﬂhm both the
ch§rhﬁ;§| édrﬁﬁ\fﬁénYahd)WméMIdageongmmaErd|awﬂvenheh ldrgé passive etch

chem ca onent and the nmechani ca

ratgaadio SISpi, of i BORIEY HECaies Bk Rpo des e IR priSfanly, the
pagén?@bﬁﬂ rfe i$ RBs GRPED ndddpRsteepeandntepper vi as, and

thus, preferably, the passive etch rate is | ess than

[00dd] NANRIFG LB fid mehanitS ple[rﬁﬂﬁél]onmircbpgercdefnmseﬁuch as deposition

nechanlcal Ianarlz on co cts
. HBdRRPY aFiTesoad SUTRRsaPLaega Eo Kol e SpBp g gBfect ypes
indiIERHRS Eutsﬁ abratéhed! inousdyeirsles; Iafnd(sta:bkfrrgcfaultqz persumber of slurry
i ncl ude haze, pits cratc

compgEkip §YS1amF & CM%&B%WE‘PF fgﬁﬂ‘?'ﬁ)gefé Y Bes gl disciosed
usﬁﬁnguﬁéFéntfthSe&af%bﬁaésn@mﬂeé For leRaivipiend. Sep‘amntl 5/52';/ 423 to

have been” di scl gsed ing differ t bra
qug\et gtalcdescrbes gﬁ%pz?um%i Qf E{gpgﬁ:{q %l%? rplga Eé these
abMRd pficies hale a @%htﬁ@%@gﬁtﬁnmﬁ tlfnwadglomeratlon can produce

precipitated silica or um na. e abra ':ﬁ/aeare hard,
ScRiFTG HEBoR BN POBTE AP B ot R ES B0 45 7
thid @gh PERIIBH nGEroCRatEHiRg bp@pp‘éﬁﬂ@in@‘pdtf Sh|d§f Ieencse u:hemfmgllmdal

pol i shi ng. SO abraswgf eartn‘g es Em(]: L@% Lf fa,

siligpds pegferred inhe PreRAratian of sIU[TeSnt ¥y BRI I AP §PMC
200812385, 080! ARPURS [patdht 6®64/880CH IUBE0VEL slobéstiribalthe use of colloidal
silica slurry for chemical mechanical polishing. Even though colloidal silica offers many
advantages in slurry formulations for chemical mechanical planarization of copper, one
disadvantage of standard colloidal silica is that it contains soluble polymeric silicates.
These soluble polymeric silicates are formed during the manufacture of colioidal silica.

-3.
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silicais preferred in the preparation of slurries.

For exanple, U S. application 2005/0113,000, and U. S

patent 6,964,600 to |I. Belov et al. describe the use

of colloidal 30 silica slurry for chem cal nechani cal

pol i shing. Even though colloidal silica offers many

advantages in slurry forml ati ons for chem cal

nmechani cal pl anari zation of cop one . di sadvant Pge
Ther sodi e Bl aerie FIIGRGRI2IR FPMBIEX v gper JuringrROLSNY of Copper-
conflintRY SuRMINEE T THis 8brhpieRatRh-can rBaRLinTekadi SudhOhs/sBRalching, pits,

silicates are fornmed during the manufacture of
andTgNUEPPRET PREISIES. - 3 The sol ubl e pol ymeric silicates

can conpl ex with copper during, polishing of copper-
(06 dnAPRgor lahpat Y. 118 Sk Biats B e g e attdives ise of
twHSIGS bR c8sCd VB IGHaf BhAGIobai ;slénanzamh mrtgapﬂxmmebf IC chips.
particles. [0010] In relation t

Dlsincrsien 16 aicePBan GHP revshriBP S5 AS) SAPBSL520Bpved. Ehen step

2 bRz ShEFertAP PScess faels oy Qem&feaﬂhe%ﬂ'léﬂl@%&land achleve both local
pl anarization in the production of ,IC

arGhalobal PEaESaliopp Generiily R de S0Vl OB BRI EORPEL PR 1
pdl|§hécﬁﬁ§fé?§urfa-rc!é§rha% @Bn-uAIfim l0R8l sHagetal pMRaptyclles® differences in

lows to renpve the barrijer |ayer and achieve

the Gie horae aLYaS194F \gsPHPRS PR PHET SRR O JSTSY fEdires tend to

hdv%'?‘ﬁ’éh@r ceépé}\é@‘é&’hﬁl&lﬁﬁ WHRRRR hig N dSrishtp féatureBQéﬂ\dS{meh?hve low step
waf er surfaces have non-uni form | ocal

heighimaPre o differanesinthe starcheionts aitey PR 1 %8 2rF€Paﬁft GMR;selective
slt}’rﬁé!; QiR régert !oQBﬁtaRfm Edh&)p%F RIm&Vl fA6£and tapied ﬁﬁ@tuﬁd removal

eatures tend to _have er _copper step he
ol HE P GPTabIRS (T TR UMPLING Eomar rats o ENAINEIP diefsmoval rate
oftb%bﬂulﬂI i§ callddBthk OsdledtivRy HCRMavAl éfh%t&ﬁjﬁpunh@laﬂbﬁ 50 @Cfdpel" during

ep 1, step 2 copper CMP sel ective sl urrlg
CME&RE@@QSSWQ af gHbsirates eemprEEI CP@H’ﬁSvté‘Ptar“é[f'@@ é#ﬁie%% pgferial.
to oxide renoval rates are hlg é]deswable

[0911]} oThgremreanumberpf thaeriessas todh elgnga:@tgmtfﬂrecf}eéwﬁg) #pechanical

pcfh@ﬁlﬁg@c%pé?oﬂﬁ%md@ b¢ 8. Fedidr e Stafess,tMVIPlbiinef, 0. Drescher,
renoval tantalumin relation to cog@er dur j

“Ghetsiarization of Ot Qberial MschaRipAiPUsHIng of EisdiPehidise um
In@é@lggtlﬁ*s@ ?Mdr@el@&ﬁo?ﬁd Ef'igmee[rﬂgléﬂﬁ ﬂ_rh)e 259-265 QErﬁ%B’ﬁFi 997, proposes

heldri es as he mechani sm for chem cal

thpbthe@hpﬁgcabsoreaw ors apasSYPEOTLIAYES, oryiie fiopper ¢ aﬂgmg the
o%?:@?’fo@ Bopp¥r o%’d@et'm@rco pier dARId3eifferentRaERHHE R@bl‘tfé@ such

Chem cal Mechani cal Pol i shing by El ectroc
apeensity asd ihgednesndhan Metallisctapper il Basshgliar epandss the polishing

ra@%&f]tﬂé)a ra%ﬁt% petord EﬂQJ A5ob aHRN by Gﬁ[rﬁé}%%at témﬂledl |‘®nemlcal

em ca mponent forns a passivation on
Meehségal E’nbﬁimgngf Conper wiih Side phPelyHEE Pnt%” ValeD'e'ﬂﬁ"Ef'CS (Thin
S&Ifbo fhs, A9bEE d&éﬁasgé fﬁa?fh%%eé’%ﬁﬁ"é%&ﬁﬂ)or@n@EBrraHb§§lev§!é@fbortlons

har dness, han netal lic cop

t
ofmsgnr)%ltd b o8 Cbﬁmf@ééomp@%Fheﬁ'tﬂ'ﬁﬁgwe?é@%a@'ﬁd?% @ateﬂal The
cﬁék?ﬁ éaﬁ'c\‘)%p%ﬁéﬁt‘ 4 pérsﬁﬁ/a?é%cﬂé@es%éﬁ IcBbSertesd iniMmRingeissolution of

entit Chem cal
those portions.

[0012] These are two general types of layers that can be polished. The first layer is
interlayer dielectrics (ILD), such as silicon oxide and silicon nitride. The second layer is
metal layers such as tungsten, copper, aluminum, etc., which are used to connect the

active devices.
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25 Mechani cal Polishing of Copper with Oxi de and
Polymer Interlevel Dielectrics" (Thin Solid Filns,
1995), discloses that the mechani cal conponent abrades
el evated portions of copper and the chen ca
conmponent then dissolves the abraded material. The
chem cal conponent al so passivates recessed copper
areas mnim zing dissolution of those portion
(098] 1 Jp thenease Cﬁr(gﬂ?\ﬂf)”@&\%rﬂé? cherpigal ation sysaﬁrgef? iqongidared to

talREomObf tB&Grms! NG tihd figt medl&isth StheichbRiidaRyiAlthe solutlon react with
dielectrics (ILD), such as sil | con oxide and silic

thematal dver theordisrenily fosPan gxide layeran thesuFface g fhe gaetal. This

ehléﬁﬂlﬂé‘d’h:reﬁ‘t‘tﬁ@&édltlcﬂt M'Erm&(’ﬂlzeﬁtté the ¥dliitedh Uch dé&@drdg@n peroxide,
connect active devices. - In the c

of
FerEPGHE At 2Ten theanednicahabiasiye Sﬁt"?rs!’fg‘ﬁﬁ gpedcjes continLiously and

swﬁ@ltb?ie@ﬁ&l?@'eﬁ@vest tﬁt‘é%xﬂféela% tayRdfcRiuEDaldnde bhtheke lt\ﬁcb processes
nmechani sim th cemcalsmthe solutlonre_%ct W t

obtaes ﬁettrammva%ts in teresof reneR r3fe abd pelished,sudace SV%IFY on
the surface of the netal. This_ gen ralliy |resth(?
(081 1Indhe B6CoRA TBRGANERT, NP TRIRELMECAKAG BYerds famheg. Tstead, the

coR¥RLOSIS Th PRINItBR cheémicaly | bﬁacm dricediSsolet tﬁe nTétslnwhhethe
mechani cal abrasive action of the Eartl

megianicaliaciionys largely eneal marrasicaly ep A helissolgipp ate by such

prb@ds3bs a@\cbhtﬂtu%hgy%xﬁ’éﬂlﬁ‘ﬁ'\%ré)i;uﬁd%@%@eé WocHYhEIER SHaSK, raising the
obtains optimumresults in noval . rate and

loggb tenaprratuse (whieh ngleases {1 CE'%MPnlrﬁtea ) Re hecisiglien between the

pdMRIPERPINe ridtaPrRf &fifan¥ifg d auﬁuéuau 8f rdattan® aHproducts to and
| nst ead, the constltuen?s in the so ution

a\rﬁwfm ﬂbﬁﬂ%‘”ﬁﬂ°§§5l"ﬂ}'ém9 [Fed r'PéftrsWC'%'ihﬁé leeSfdﬁ ﬂ&%ﬂdéé layer.
ion is |largely one of nmechanjcal I%{Eenhanm n

19878l SNl BROT Al EVIRSIRERS Aigreeatie &S rEowEF CREGRIaver from 2

SilI6R Uidxite msﬁa&UfHeas%teﬂtse@o A6t sehsmﬁ@hgerbtzsatsmah@e ofi the
the |ocal tenperature (which increases

SemiSensLgiar UKy, e "R reARIrgrEnts £aR be éym&t'zeﬂ gs follows. First, there
is BGOSR RVPr18S & copper BIHAESK itdughsut @efnfaﬁﬂs 0Beé&dndly,

react ants and products to_and fromthe s

thexp rnvsa.hegemﬁmtonosmﬁ@'f?wwqﬁrwes§U%Sftr%e'gmaﬁlm the CMP
meeHAHalsy rﬂ:ﬁ*@i& detectividy ibvbis \Ohi pofistied les&éfes% &7 rhgdried during

ar e capa renoving a copper overla rom a
paliphing gg vvﬂ"@;@. le%al §l§b§19raé19eer°%l% efodls Bh%atéty NG InCERasEgy

;,tﬁgbeaﬁﬁlggéﬁlgﬁdgenands of the sem conductor industry.
hese requirements can be summarized as foll ows.

[OE‘I 6Pt u.d. Rkdht 6l 9?9@52%[65@% the BRpdrafBy of udind @@IIoﬁHal S|I|ca based
copper to satisfy throughput demands. Secondly,

slufigs hpwing jav jevelsiof F@BB‘Q rigriicatesias,a %ﬁltﬁ,ssmtttrée sluries in
orae':bt%trbﬁﬁz% low 'd@ﬂ!ctny ity 16%s %92@ rBe8&EsAgSdr dther difbde%smg There

defectivity |l evel s on polished substrates t hat

arpsguerRbasReGs taghe B8RirgkANkgInanafsPech g 8E%Pat?r‘§ﬂ"°ﬁ5'es a method
foPBshRARY &Y RIHRMgSolubIS RSV RENC Si&ited M E5HBIdAYsilica polishing

slurry prior to a CMP process; this method involves centrifugation of a polishing slurry to
afford a product slurry in which the product slurry has a lower level of soluble polymeric
silicates (and lower defectivity level) than does the polishing slurry. In another aspect,
the '252 patent provides a product slurry prepared according to the aforementioned
method from a polishing slurry; this product slurry has a lower level of soluble polymeric
silicates than does the polishing slurry. Consequently, this product slurry affords lower
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l'i thographic demands. [0016] U.S. Patent 6,979, 252

di scl oses the inportance of using coll oidal
silica-based slurries having |ow | evels of soluble
polynmeric silicates as abrasives in these slurries in
25 order to realize |ow defectivity levels during CW
processi ng or other processing. There are severa

aspects to the '252 patent. In one aspect e
det%?tl‘étyt'e\!ﬁ*%dﬂrd&CMPrﬁ?ﬁ%'"Q‘Qfﬁtﬁ%'ﬁ)&?%ﬁﬁsﬁ‘g %%é‘@ Rogshing

slu1°'fg/[ H%F‘d £’§He¥. th& ‘B3 pfE1t1ehtdil8 13e ©PhIpPbdiRt siBirY | lp@ébared according

I shi ng urry prior to a CVMP process; this t hod
to th@,quwn@@md me i @rfhgmical p‘tﬁchgrpquq g)ogﬂsrurﬁQ §Iut'r5 lnstead of

poﬁgﬁlr‘fﬁ Qtjﬁ‘g\gu%ﬂ Wt u§b %f fhé prodyh iskiirytdiRrdy MG nahbEF ¥f post polish

level sol'ubl e polynmeric 30 silic

defestrthrodees Hee @H’P\m’ﬂ%h"l‘%%'éw T rPdRatethgs ﬁ&?meﬁsrﬁaat are all
fo&JsHB oW - ox'olxa-; &Pt iheFe ARARFEampIéiEon Aetal IQNIIE Nhclidiny nd@Xamples on

oduc urry prepared according to the
COBP%T@WBM D@Wé'd'ar rret hod from a polishing sl urry, this
roduct slurry has a |ower |evel of sol ubl e“}? \bllma .
(o&17]i cFhessistarsitintigws nera IQ56PPER GYP ragass(es) with coloidal Siica
sl@ﬁ’%&éﬁ!gyﬁfﬁrh Yciw HQf‘eétl\}?tﬂlQéUé‘H orf bespey s@ﬁé@sdﬁmh@%!‘sm@ with these

ctivit evel s during CMP processing or other
slyskieso é’@gunﬁ@sqnh m\re@f@é'sprpwéeiamswﬁpﬁ@ thig gigniicanhnged.r g
aspect of the '252 patent entails use of a product
slurry prepared according to the aforementioned

t hod h | h |
Mhstead of - pol PRiHSUBIMARY O3 E'% '{\'WQEI of {he
robiiledb snaminclioes Beansniphis HenTBeT IRy e BhyicEipathantal

plararizatitit &Y sUMRe PAGiRE o€ %abhéﬁe ﬁé&:r@tﬂerecfroaﬂﬁ@fhl@copper said
oxi de CWP; there are ng exa

cormpepitign ﬁgmﬁamgg 39!*9@@ siipa tr@é s@,vpanfynfa %ﬁ)f{ olyhle, polymeric
sillcQ@s7] There is a significant need for copper CW
process(es) with colloidal silica slurries that

[o@dd1or ér@m&%h%uimmtythlewﬁomrs LARRRK famrfewea mechanlcat
duri ng poI|S|ch|ththese slurries. The

PIANRAAEARIRT S, USTACE $@VIRT 261201 one Ieatirm herearicamipn FESpper, said

m&B8E coRBidifg HldWEESofOF THE | NVENTI ON [0018] In an
enbodi nent, "the invention is a conposition for

chemc ﬁiaciﬁECJ‘ﬁstﬁéie haRlrntBé isddddediavitlg the St ldagtendidatung thereon
at |l east one feature thereon CB%‘FEI‘I sing copper, said

15 CGHRRISING ORPEUMFONEChYit §IPCUHI PF:i ca that is
S UbSS)Jadghk/@tllr’@’a Ebi%%r@fco‘ﬁ@démoﬁ Eorhprisitg €ollofial $ilke @At is

[ 0019] In anot her embodi nent Petl nvention is a

et Hotpsteatialess efsoiyble pelymeds slicateq Az at i on of a

sur f@F@olEﬁ%g (1) é\ﬁbs‘tr@&'ﬁ%ﬂ?ﬂ% ﬁ(ﬁgﬁlﬂ?] gofpesifsi) conpri sing
copper, sal nmet hod conprising the steps of:

[0020] In yet another embodiment, the invention is a method for chemical mechanical
planarization of a surface having at least one feature thereon comprising copper, said
method comprising the steps of:

A) placing a substrate having the surface having the at least one feature thereon
comprising copper in contact with a polishing pad;
B) delivering a polishing composition comprising:
a) colloidal silica that is substantially free of soluble polymeric silicates;
and
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20 A) placing a substrate having the surface having
the at | east one feature thereon conprising copper in
contact with a polishing pad; B) delivering a
pol i shing conposition conprising colloidal silica that
is substantially free of soluble polyneric silicates;
and O polishing the substrate with the polishing
conp03|t|on OOZOé In yet anot her enbodi nent, the
|nvent|oﬁ’@§9¥ P988°%tor chemical mechani cal

pl anghd zation of a surface having at |east one feature

t her egn corrprls n er,  sai net hod ¢ rising the

st ep<Ligtolisiing ﬁl'eaﬁl&’r? %p‘g'ﬁbg‘{erp&ﬂ%h'?%G?'Hao?ﬁ%Psur f age

having the at | east one feature thereon conprising

copper in contact with a polishing pad; 30 B)

del i veri ng aQgEMAISHD MESCRIPTSONI QA THENNVENTION a)

colloidal silica that is substantially free of sol uble
[0@231 Yy MeHiks Qw%hhd;rcmt/eﬁ'es c@ﬂdos:ﬁi)r&s)comprlsmgchoﬂmdgl sllipartbat are

| th b

su@atﬁﬁts%wtfo o el B gl R PdiohRDef pese
surisbly dru %éﬂpﬁ@@ﬂlyﬁﬁummwdm molrpnmrh:osh@mfbdnjemtée\rqiﬁ on
copppi BIracEs M srsacs0n to BhedalehetABkdd delee (G Un guive surtaces.
Fch’@iﬂﬁ relaé‘s!éh Fé%béd:fﬁWCI]{f/\Pe%ﬁdiomxlﬂ@r@d aelvery Mbtafoaﬁée)asj slurries for

much | ower post - CVP,
oo IS ORE B peaun e ahpuRn oL G AET e Feb B o
mfﬁﬂvé@@é&@c@%ﬁﬁ@lﬁ&ds is0) n@al (élgl Topperd GMRepeessing ysing these
St SRR —
sﬂ!ﬁ%ﬁé@.ﬁiﬁiééﬁh theA ltheb lavEIhf (SQEBD; p(}T}hﬂ@‘ld s’ﬁli%atﬁs inthetalipidal silica is less

i nvol ves associ
RGN —
the 'I@@dbff@:ﬂﬁble b!?l?mbtﬁb glicsed i taltcbnﬂldialh sﬂllbee‘s I|e§s thainudolegual to about

ric silicates' t

088 WHHERK Peroen. 11 81uer smbamesy i (n rasareddt o8 Rydlbtsounre

pdlﬁﬁéhc%lllc%@ébalh the caloidHl smcélsvl&sgthén bﬁé@mﬂo a!basut@cerlaght percent.
bodi nent, this term neans

InGPYIRE P Bodim ATt inis o ERBs (it s taigl oL pFiLEls Ryt eMicBtes i
thg%{i\:ﬂ@él sﬁiﬁ%@dlets@tr?hwfﬁ_quﬁl t3 abvet Whs wekght aﬁtﬁenif. fn alnother

er enbodi nen | er that the.. f .
ergopaipeat. T manreishet Beial P e paFmsrieliegEs i Ge collica
silich i BSS thalPor sjuatftadout 0.0ab@ightedcenti BhEnofter @avtiediment, this
term means that the level of soluble polymeric silicates in the colloidal silica is less than

or equal to about 0.001 weight percent.

[0022] In an embodiment, the compositions and associated methods of this invention
will afford at least a 75% reduction in defect levels incurred during copper CMP in
relation to those obtained using normal colloidal silica that has not been treated for
removal of any soluble polymeric silicates. In another embodiment, the compositions
and associated methods of this invention will afford at least a 90% reduction in defect
levels incurred during copper CMP in relation to those obtained using normal colioidal
silica that has not been treated for removal of any soluble polymeric silicates. In another
embodiment, the compositions and associated methods of this invention will afford at
least a 95% reduction in defect levels incurred during copper CMP in relation to those

-7-
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I n anot her enbodi nent, this termneans that the |evel

of soluble polyneric silicates in 20 the colloida

silicais less than or equal to about 0.05 weight

percent. In another enbodinment, this term neans that

the |l evel of soluble polyneric silicates in the

colloidal silicais less than or equal to about 0.01
i ght percent. In another enbod

obtaBed 9 BaToTALEAIBal SUe B8 7 B0 R EPIcA 1aF erEREL! any soluble

pol%ﬁ‘l@n@ 9||I|J:r:§119§i aln éidthé?{%nhtﬁ)dﬁrﬁérﬂ theaampositiens ahd hssaizted methods
rcen

of isripesanion SilbaRaT 24685+ 87 SoHuctionds SRS RIQs FRVLRE g™

coptier lonib TrPiethtdh tb B3k o@ta?r@@ ﬁ@ﬁb‘ﬁdﬁm@n cbllb;dw%mé tHat ieb sot been
I'ncurred during coppe | ati on

el donTemov8l At GAH SPIRBIE RAMRTARiicates | o anp ey SREBSmR the

coﬂasgéitudr{s%ﬁ{oeé%sfa@iétedrrﬁ&%aé ofthisaverioh will ffqralay reasi & 98%
[icates. |In another enbodi nent

rochi o PR IS TR oL aePEST GVEHE raRtal e Sytgined using

nofhal lcBRsidaldil2d a4t @Y Got Beker edied AR rerdOval @F ahg soloislerpobaneric
during copper CMP in relation to those obtained using
siigiepral col | oi dal silica that has not been treated for

renoval of any sol uble polynerjc cates th
(0@ odPeeloioai oM b SiSeah( the ShEP IF 8 ropte iGN §f avout
weﬁd?‘hs/o H‘#&m b9 et ks af thetétapleightadstie slufpYMoeel pratferably, the

I'n defect levels incurred _durin

abragjvatls BFESEB! inRRnCeTioNAf ARRUL Wﬁ'&ﬁﬁ‘z’rtﬁggp ul 0 yrigh % of te

totdl Wélgﬁ‘t dfied slhﬁ? MRkt Bl%ﬁ-ﬁaﬁly ané edrdsive is praveat inaf canogntration of
sol u

d t,
RS RN ARG M e
invention will afford at |eas eduction,in

97%
(044 o erbpgiEents et PisdavanteR Aaving ap s =991ty e Bidcigia aoent

cah %etﬁ?%@uté?&é %kﬂ%gl@gdﬂﬂ S0P oﬂmhinglajjéhtsandzludm forhextample, one
has not been treated for rem)val of s@)/

or FIrg Rex semBPYTKaBieh CPRPHNG PHERSLARG G nrﬁmu? (9-69. suitale

pef Q?R%bﬁds‘m&ué@ %%&ﬂ?ﬂl@%{%’oiﬂﬁsﬁ pesultites ke.g., monepeisalfates and

dipeageylfatesy o;{ﬁ?’gﬁh@#étggt?@p asjds tpa%r%g fa:atg{j I%glgpl E\&defec{q,gé'gi rlns(Yureg thereof.

OtHQIt $iReR HKiNeg afestsRiclel foplefianpli indlae(ﬂ haliddsa(e gnathlorates,
been treated for renoval of any solu 'EC? %Hein £ and
brampiesaiodates 1 Rerplorzigs. PROTUBAIES; Y period Easr and agps djefeer;
m&fu?ésefr‘\%réo'ﬂ ér{ﬂechélh gr Memﬁrl@aﬁ@r}feﬁﬁérbwsl pércaifboabtwt péroxyamds
I ght % t'o about ht % of Bhe t ot al

(egq@eg@qgtlp@c:dwggrgeb;@q, QF‘QUPSFhlqrﬂ%er iRl ﬁ\%s %?eég‘gf pixtures
thbreof ﬁﬁ@rt‘ﬁ@mer) %ér%n?&na@@%r&né&@é G:Ehuﬁﬁdoﬁpﬁ&ﬂdé falicyanides
g

(ngf eﬁc@as'@tﬁn; ferélagng{g,ag a[g.,xqé%' %h‘t'[ﬁozf ! hﬁg ﬁILéOJ\r Igléf]géqgf ?)g(EIF!Bﬂ agents

fo Uk B%i0é, stdallﬂnﬁ erkide,
mémde Q&O‘%ﬁanﬁ?}%@?ﬁ tHrgre {/( *?ﬁozeﬂ% n e@n{)%eél I p

bqnﬁylmqr@@cﬂﬁ Klir-bHY! RBTOYILE, Opezqaq@cgg%monpggsa ryﬁ %I éjl persuifurlc

acH) §8lic acid, and salts thereof, and mixtures thereof.

[0025] In this invention, (hydrogen peroxide) H,O: is used as a preferred oxidizing
agent. When used, preferably the concentration of the H;O; is from about 0.2 weight %
to about 5 weight % of the total weight of the slurry.
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can be any suitable oxidizing agent. Suitable

oxi di zi ng agents include, for exanple, one or nore

per - compounds, which conprise at | east one peroxy

group (-0-0-). Suitable per-conmpounds include, for

exanpl e, peroxides, persulfates (e.g., nonopersulfates

and dipersulfates), percarbonates, and acids thereof,

and salts thereof, and m xtures thereof. 20 Qther
[0626) aBther ohérdicaisibatananbe afded iodbe GNP slugnppmposition include, for
e Zs%pfa%@hfs gﬁ %lfhsgn? aggﬁtgré”élcfss corrgélgﬁr%ﬁﬁtoré ﬁgéﬁﬁécontalnlng

perc I or a per1 odat es, acl d
cankuads$,, chetading grotsr @§09¢m¢@ualnlr@rﬁ¢mmnﬂ$ ke, SaltS

perboric acid, perborates, percarbonates, peroxyacids
{0p27]y. Sui;ﬁﬂ@wac@rﬁ@pmpo atvpy. bg @dded to the slurry composition

inﬁH&Qlf&r %%nngg r%lg c{f tlﬁézl;uﬂner%ﬁg hanibhR" §9bmic BatibHic&? amphoteric

er'eof ernanganates CthﬁH tes,
surkactants krmvsoloribiese skdllediin {herartie Ehesurfastant copporads may be present

lnigﬁé %Ihﬁyﬂgrlngsg%ormn)g UoietntrA | ncqbogf@m)%@%t bd fbeabout 1 weight % and

Iz ng agents or exanp

armiefepdly peseiinie eﬂm:eféfaﬁ?@ phafeaut §0dwvaiaht %é@iala%'t 0.1 weight %
oftfE Bthidfignt e élurp)?r% gfé{erﬂéd {pubpdurRetapid eﬁ%nomomc anionic,

peraceti c aC| pers uric acid, dipersulfuric
orannxwres theranf aod @re mat rraferaply peasenfin Wcﬁﬁ‘tﬂtlﬁ’ﬂ@é about 10 ppm

to@%&?%oo 'ﬁs&g 2Pthe!tBtal ﬂ g\‘gﬁé‘%hﬁ?z Ih@ﬁ)ﬁﬁﬁ@&%c%ﬁé’éﬂeqﬁést

as a pre oX| agent
prefeentd. gy prietaredl noridm a.crfar;éam isaBuréymo f1Q4EeWH23028 RSO ymixture by

B P R BR800 ARt BTl

Prodycts and d@hethitas tAllenoM?, 8/ ry conposition i ncl ude,
for exanple, surfactants, pH adjusting agents, acids,
[0628) oThepHiadiisting egent i$ bsed forimpoavetthe stabiity efdhe palishing

oo B A9F0lee B0 RSO A0l o RO refhmonts o
vanbuadehiﬂiattoost Seitsle pHyadjesting sigentsrio Igveriiod pdef teopolishing
L
nigici dcidk dulfurict duid, ahloroabietic adidf tadaaaacidosysoinitiacidrepitrib gcid, malic
acgcﬁ,e@@é‘ﬁ? 3'6%1@ g%&%lféj%{ é’mg ﬁ&'ist é\ﬁ?cgaigl{)}o@i(g %(5}89 gb&e ﬂjii)icter%s thereof.
SWt@iepﬂWspngaageﬂts umraasectba cpé’mfrtla& polishig coipmpatsition@d the present
in?%r'g% :iﬁo b?lﬁgr%mo t¥\§ gcg toytpas‘élugﬁK h;}a]&?)% %ég :sglri] %u%el'é)?ﬂ&m?é
ammnmt&tranammymnmonm bydroxide, lﬂtlaader_thraloé piperadine, nost
rdthiiRiamnsb R sy s Taes Hnsinfre £y )
(o3 o o3t ooy h Bt Mo vERAE s ot BaftloBfahSited witn
reBﬁeﬁ@o theqt aed byoadietaprangd from about pH 6 to about pH 12. For metal
%p@hg?tt%oﬁs{/(go éos‘l’ttc&? PQS'&S 'ﬂ)aé“g tosr’ ﬂgﬁ I-Pva%&f érgrb%nerally
pl;éfdrmuitmn:dlrigﬁ&) this invention. Accordingly for most metal (e. g copper) CMP
applications, a suitable slurry pH is about 6.5 to about 10, preferably from about 8 to

about 12, and more preferably, from about 10 to about 12.

[0030] Suitable acid compounds that may be added to the slurry composition include,
but are not limited to, formic acid, acetic acid, propanoic acid, butanoic acid, pentanoic
acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, lactic acid,

-9-
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15 [0028] The pH adjusting agent is used to inprove

the stability of the polishing conposition, to

i nprove the safety in handling and use, or to neet the

requi renents of various regulations. Suitable

pH adj usti ng agents to |l ower the pH of the polishing

conposition of the present invention include, but are

not limted to, hydrochloric acid, nitric acid,
hysleddhiaricacis niric atit.arhespbericacidisylfuicacidrhydreflsiods acid, malic acid,

t
taﬁéﬂr‘?&é&éj ;quéc%nﬂz ?&cﬁ dithi€ aags&togaﬁ éocﬁds %8 cfb%'(t:éa%p cfl;P g?roganot
cammwls;c acid, gallict amdastamme aeldfand Bixturad Ifeermﬁ- é’@pagacldgtompounds
Q

mRPEEBeskfit 1% Suh BofiloBlion B Bicehitafith SEUBRAFO el % to about
1 weighp%t efdise totalwaighsof the, Sllsrmdl um hydr oxi de, ammoni a,

t et ramet hyl ammoni um hydr oxi de, et hyl enedi am ne,
[Oﬂﬂﬁer'ﬁmmeease @Iﬂﬂ seanaval eates @ﬁth@ slupyder tapi@lum and tantalum

o%ﬁi&ﬁ%?)ﬁg %ﬁ'a@cﬁ er %mvm&$IWcﬁi%l6m %Rbrine-comain pounds

I'shi I Ng osition o resent inventio
mapbe paded tautharsltyryl dompto§dlow ﬁnltableélp@rme mt@lﬁ@gmqnmwnds

ingﬁ{i’@‘cﬂd &r%gﬁbarhﬁﬂg H’ro%léﬂlﬂhomé eHRioRP Ak, Bikbi metdTAlioride salt,

nposi ti ons aV|n asi c or
alkslinerearth pmtamu@ege aalta ag@h@mluml fluoride, etﬁtﬁamétﬂw@m@mumdluorlde

arﬁr%ohﬂh‘fbdé{%ﬁﬁt bﬁptenéﬁlﬁmm ﬁlﬂfugﬁ%{tb@étpﬂsﬁé |a|41ﬁ109||um trifluoride,

I cations a sult
anghpixtures Bler@faﬁbatﬂugme -gorstiBingIsionPoLBAs m@w@e meseem fothe slurry

| o
g1 Ao LESHA T Mo R ARG ghusyr
preteratiie prsisantip aceempenirationref ahewt kit) weight %atpeabﬁut 2 weight % of the

tokﬂl We ﬁﬁ\fjoit Bes dﬂ&me'lﬁtejﬁéi%rrea?l%ﬂcﬁe ﬁtﬁ'l S%nmgrc%ﬂg%ghE 2% fronium

noi C acCl
fluwpeanostqara‘erably presentdn e capcentration ahabant foveight % de pbout 1

wé\ghtd% o-fﬂﬁ%gn %y g{:fﬁﬁgg}r nitric acid, phosphoric

rc fluoric acid, malic acid,

[Obﬁ"i]t ?ﬁufarb?%g%latﬁwlglé@%gtsﬁgﬁ%% bEla P{jé:{l:toatglg %Er%ﬂﬁddasgloa include,
buj@rde het lmied tog %thylenechamkmetearﬁaeuﬁ aaid (ERTA) & eof These
n)'%o tanﬁfﬁ&ng@etfya?ci? HE[PTAE%HFHB fatdtic acid (NTA),

In a concentrati melg
dlaibmbnetnanﬂnapen@rxen@/a@d (DREA}, ethanolgiglyfinataftricine, aﬂdmw;ures

1 T for
b AR T oI BRI h g kst
canekniratioa of abgut ¢ weightivedriabieut 3 waight e aod ateaprefarably presentin a

cofggﬁﬁtg%[bgsqr a8 ¢85 %ﬂ;ﬁﬁ%t f a‘b'aﬁt é hH Welatf Qmpﬁﬁbgbtgﬂgelght of the

uoril ne-co al ni ng
slenre Hmferrednrtemjing@gemﬁcafegmmef arwbElDEé anpexree mest preferably present

in%é%o%ce?t}ré?%h'of TBb@lo.68 ng hg% tﬁanbeut 390 Welﬂﬁlt b6 }RB1StAI weight of

uori de salt,
the sturgmret hyl anmoni um fI uor| de ammnl um bi 1 uor i de,

et hyl enedi anmoni um di fl uori de, diethyl enetri amoni um
[0083F | Sditdabikenitrogen-containing compounds that may be added to the slurry

composition include, but are not limited to, ammonium hydroxide, hydroxylamine,
monoethanolamine, diethanolamine, triethanolamine, diethyleneglycolamine, N-
hydroxylethylpiperazine, polyethyleneimine, modified polyethyleneimines, and mixtures
thereof. The nitrogen-containing compounds may be present in the slurry composition in
a concentration of about 0 weight % to about 1 weight %, and are preferably present in a
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and m xtures thereof. The fluorine-containing
conpounds nmay be present in the slurry conposition in
a concentration of about 0O weight %to about 5 weight
% and are preferably present in a concentration of
about 0.10 weight %to about 2 weight %of the 15
total weight of the sIurry The preferred
fluorine-contai ning co

cafsgrtrasionral ehpr OBt it U 18 apoLbn it tbal (e talgbiieiagt of the
sIMW")'/ gfltre B/Pe?érréh‘ﬂ%?én ~coMrhigng cYnpouhd & érﬁﬁr@hruﬂﬁhﬁﬂbx@é and is most

lurry. [O Suitable chelating. a ent

PrEEraRBSpot RecasIeaniFationsgBeitq- Shweiskf ahoth -1 apeadit % of the

to[gprﬂeli%hrgbf@,g sry. €t hyl enedi ami net et racet | c aci d (EDTA),
ydr oxyet hyI et hyl enedi am netri acetic acid

[00BUEDS Mlabidsifs that by e htied® tHe GNFAYcomposition include, but are not
di et hyl enetri am nepentaceti c aci

|lrgrfq¢atﬁoprap@|nw Refskl fate, pcgesreéum gﬁ@u}étﬁ B@@sruq\hsérllfg%fpotassrum

caTB&é?tQ SdrAhbRigAtiRaleS pHBYsItf HYHRZHRA phtHaldt8 chydredyiamine sulfate,
onposition in_a concentration of about 0 weight %to

a%mmturss {narepft The salemaydeqreselt ihing shirpsemPgsiion in a

cd‘rfé@ﬁ@élfdn%f'a%ﬁuloﬁ w@@ﬂt‘% 8- a@%utf\ﬁ) @Bbhi’/%t Qnﬂbﬁwﬁreﬂaraﬂy presentin a
% of the total wei

SES AR Pt wa@haéetﬁt%oaréwerqh& o B Pt oot the stury. A

pr@fe@re{(‘ith%it @é%ﬁfrﬁhﬁ g}rtr@i&?&ﬁﬁ‘ﬁs méd Eﬂefér%b%”rbéﬁit iro8 clfrcentratlon of
abou . ot

ht 0
i glwamtghro BROULONS Gpidiy 3 of Risog Welan: abihe sl
[OBBE 1 91l CBRBATIFIS that SR 0E AR ?%rsm%ﬁerq%jﬁjq%ﬂwnr gte Biological

gD iRt ENE IR, erMi@éQéMJj fufigitides e3Pecially if the pH is around about
nonoet hanol ani ne, di et hanol anine, trieth

6 &p 81 Ryitadie Jiopidss dnpiHde. byt ATRRITIEH 19 Tt B@rzaaqr{hem"n 3-one; 2(

hﬁﬁb%élw%h&bﬂﬁnom@-cﬁrhﬁﬁo%étﬁ{rlﬂi\(&ﬁﬁh@thﬂﬁ?ﬂﬁntoﬁﬂd—
m xt'ur es he nitr o%en cont al ni n% Cboag]lj unds
hwess)xv@eetbrlés‘%ﬁmthy'hw@@%rw ewrRyBRYI BHtylcATbahate;

glG%‘ﬂé]Sé}Wd%t 'IQEH@rfonﬁﬁ@HIdrcgraﬂﬁbtﬁBﬁe % ¢lorabpiethly-48é@hibzdine-3-one;
are preferably present in a -10 concentration of

2»3!%&1&' 4gsetiageiinyfiones eyl Bpdires §1998Pfvei ght % of the
total weight of the slurry. The preferred
ni trogen-contai ni ng conpound i s anmoni um hydr oxi de and

AbsociEsd MetHof erably present in a concentration of
about 0.01 weight %to about 0.1 weight % of the

[dOQBP' THE b8&dciéd HiethadsWf s |n5e|BtQ9r3éHta|ﬁuBet &fhe aforérhéntioned

hat may be added to the slur rrm osrt on i

c%@o%chr (ﬁgtdrsqqspﬁi @gg{a@ g)r caﬁrmgzﬁ Q@%zar%mn og slibstrates
chpised of MAISE %ﬁhfdigléttmpﬁ’hﬁﬁi%lsuﬂh $hd rhbth@ds m&mwme g., a wafer)

|S(§éq%§ﬂgéédoﬁ%rg %Talﬂrht;] rggé g‘lhf %attq#rgp E& adotatable platen of a
cMrep@rher. TRenis ﬂ{dnﬁeff&h/e Qﬂasﬂ‘éﬁ,ﬁl@fﬂe polistidtarsd plaharized is placed in
dr(r:gcq%grsr’tlagztl \n%]h tlhe polishing pad. A wafer carrier system or polishing head is used to
hold the substrate in place and to apply a downward pressure against the backside of
the substrate during CMP processing while the platen and the substrate are rotated. The
polishing composition (slurry) is applied {usuaily continuously) on the pad during CMP

processing to effect the removal of material to planarize the substrate.

[0037] The slurry composition and associated methods of this invention are effective
for CMP of a wide variety of substrates, including substrates having dielectric portions
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concentration of about O weight %to about 10 wei ght
% and are preferably present in a 10 concentration of
about 0 weight %to about 5 weight % of the total

wei ght of the slurry. A preferred salt is ammonium
nitrate and is nost preferably present in a
concentrati on of about 0 weight %to about 0.15

ight %of the total weight of the slurry, 35], .
thaat,tcpmpna@ Fraterigihaving @Ieleﬁﬁp conpapts lagrtban Sob @%‘%(‘)‘@%FPP?'S)

SURIB RS-k IRAS irfd HsBhRk Asiedd, buP&r8Hos Ilrﬁu&htca@rganlc polymers,
bacteri ci des, biocides and fungl cides especi al H{g-hke

caghes-doRer oxiges Hpriapiedisiicos giass 4F9C). fipr FQOEﬂu&ﬂx

métQﬁélé‘%d HY®Fid %Fg?anﬁl?hogjamc;rﬁé‘teh@ls Representative low-k materials and
benzi sot hi azol i n one; rox%{?rret hyl ) anm no

deé@ﬁ@ﬂfb'l“ethpdﬁf@'thﬁﬁ’@ﬁﬁﬁﬁ’éisrﬂfﬁ SBmﬁ?ﬂ”ﬁﬁ?’ Gy dant oi n; 1-
hydr oxynet hyl - 5, 5- di net hyl hydanti on; 3-i odo- 2- propynyl
but yl car bamat e; gl ut ar al dehyde;
1, 2-di brono- 2, 4- di cyanobut ane;
5- chlega@- 2- net hyl - 4- i geddWa#®| | ne- 3- dppsition Material
2-met hyl - 4-i sot hi azol i n-3-one; and m I ES t her eof .
20 Associ ated Met hod [0036] The assocl at ed net hods of
Aif ﬁ?&&c{s%\‘.ﬁ%h@l&aﬁm ai | ybseef the af orgpegti O'P‘@E’rld organic-inorganic

ositron (as disclose supra) for chem cal
ApPREiREGR Pl anari zat gigek Mimsaost r at esvb conpriasiel-daped oxide
mstals and dielectric materials. In the nmethods, a
Dosuisshiiat € (e.g., a wasiek’), FRbous Siyk ac ezpirf-ac e- @gamicpolyner
pol i shing pad V\,hl chis flxedly attached to a rotatable
Hopkewed iFlegfroric MalePalpol i MNOCLASS tHi s neSrieen  t Hrerganic oxide-like
substrate to be polished and planarlzed is placed in
NQﬂ’ﬁH‘éﬁ:ﬁ%@ﬁﬁact with tﬁ@%ﬁl shi ng padPEQVRaf &areef-Aprgd oxide
stem or polishing head is used to hold the
YQFH%I@%’“? gnpanged carmicah vapsidgrasiteiwar d pressure
C\H@;auqli@fnl@ahéamae@paé%f the substrate during CWP
rocessing while the platen and the substrate arge

(0031t CurrentisepEy P itekinalegy 98pHI WP @Hap(;gpgﬁs[s};? achieve local and
oIGHPAP bloRdiAdBHH ke (TBRLIIBHRRTS ¥lipONDLIRY Bshel OMPh &1 1, the

processing to ef he renpval of material to

ovsrtawdm oQpPen s rgtmyeqi awéng [Co@Qflf_fa“Pﬁé’f%‘mPW AHRpEENQViRghthe
v? %ﬁg&?ﬁ? ﬁ\dstgﬁq hﬂ:\g%o%hetdmLﬁfabé‘gfﬁnﬁésoﬁbt%ﬁle@étﬁ Riehl 2R global

a W de variety of substrates, includ

plm&u fug toudifferences iditke alep heghidrativesr high density mﬁ { w density
fe&EFE%rdéﬁgatl('Qf‘ﬁ %Le% %Af{bfi‘YérHSWHg ﬁie%fe%&dér%@ﬁpmrﬁstbsaSa high

material's). tabl e | owk
tartalym toeapper pRIpCivEY ismdasirad & ?ﬁh’e\{ei Iaeal @edtgépbabpleaﬁﬂ%?tlon A

chﬁﬁérgﬁ;{ %g&l%rrhﬁﬂfaﬂpﬂ té??félfjﬁﬁ'emfobél%ﬂﬂ@%ﬁ@vﬁd HigPfantalum to

i nor an| ous oxid mat eri al s,
copper w@mww angy amte,dlpﬁe"f Ermww Iyieg @PFPP@F seglmspifée% lmslyingesopper

re!rqrg‘r% ng%ted'rbt@Eéd Qﬂﬂn? ggmﬂﬁi Hi®RsRS Mofderb & confiRéMy known as
terials are sunmart zed bel ow. » _ .
“dishing”. A slurry which can increase the tantalum to copper selectivity during polishing
in step 2 can reduce “dishing” by providing wide overpolish window during chip

fabrication processing.

[0039] The present invention is further demonstrated by the examples below.
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Vendor Trade Nane Deposition Material Method Air
Products and Chem cals MesoEl k(r) Spin-on Hybrid
organi c-inorganic 10 Applied Materials Black D anond
CVvD Car bon- doped oxi de Dow Chem cal SiLK , Porous
Si LK~ Spin-on O ganic polynmer Honeywell Electronic
Mat eri al s NANOGLASS(r) E Spin-on Inorgani c oxide-like
Novel | us Systems CORAL(r) PECVD gar bon- doped oxi de
PECVD = Pl asma enhanced cReRPEAR vapor deposition 15
CVD = chem cal vapor deposition [0038] Current copper
CRMBONEMI®I ogy uses a two-step process to achieve

| ocal and global planarization in the production of
CAlBhs i Duri REOELBBar AT Egals NARMER D P Temee.
copper is renoyefcdibidanglidaC fabrication processing.

After renoving the overburden copper in step 1, the

caulgldgﬁlémzbosulrf algﬁc;éﬂtﬂifhbedw&ag@?rpmnmdGk_ililca,claP‘?w}CDuPont Air
gl oba pl anari t e Lffe S in t - :
hei ghts bet meeﬁrquétﬁ%é\?Moaﬁ‘if'%‘di&g&%Ws @%Ol?c’é%ﬁ §lligg having
on pattern wafgygs nAf paticle€novi ng the overburden
copper in step 1, a high tantalumto copper
C@Picﬁ@&iiid&i ty i scd@tﬁﬂ{]geldlpbmsamhi stabiliteatsilicaa BiP29D ptialPont Air
pl anarization. A cC engi.ng t IS to i\ Nt Al b -
tantalumr ermngo%'/ﬁﬁSﬁ%ané’ t%%'?]giﬁ'g-%r?pa%@) S%ﬂn@al%h@? having
copper sel ecti gorg mangarficies.ecti on of the | ow Iying
copper regions. If the low |lying copper 25 regions are
Zd9i® PBRt ect ed  Hubiinged slifsdamdE. |t DiRonteteNdrsours, Wilmington, DE)
defect commonly known as "dishing". A slurry which
can increase tfenyl #SN® isra ian-ioojpzarfastaht and ai hixtude of tegpmeric
polishing in gioppetRecwith peldetbelehdighiointie disuchureisd ak foows:
wi de overpolish w ndow during chip fabrication
processi ng. [ ORZH,.CHI(PH&E®@),H:nvention is further
denonstrat ed bwHeheRex&(RFeSFREI ow. -12 GLOSSARY
COVPONENTS Col kei@iglateut 28a Syt ono OX- K (DuPont Air
Products NanoMtenbabsutla L. C., Tenpe, AZ) col | oi dal
silica. 5 Colloidal silica Uncentrifuged potassi um

PETROB! i zed si | PramarPdbcdddémsitioAiaf tetfrtitxy tsidane, dielectric oxide
NanoMat eri al s laykr.C., Tenpe, AZ) colloidal silica

PRk PadO 7 POSG LSl Seiitex®, and 1C1000 were used during CMP,
supplied by Rodel, Inc, Phoenix, AZ.

TEOS Tetraethyl orthosilicate
PARAMETERS
General
A: angstrom(s) — a unit of length
BP: back pressure, in psi units
CMP: chemical mechanical planarization = chemical mechanical polishing
CS: carrier speed
DF: Down force: pressure applied during CMP, units psi
min: minute(s)

mi: milliliter(s)
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Col l oidal silica Centrifuged potassium stabilized
silica, DP290, (DuPont Air Products NanoMaterials
L.L.C , Tenpe, AZ) colloidal silica having 10 60-75 nm
particles. Zonyl(r) FSN Fluorinated surfactant (E.I.
DuPont de Nenmours, WIm ngton, DE) Zonyl FSN(r) is a
non-ionic surfactant, and a mxture of teloneric
nonoet her wi th pol yet hyl ene glycol; the structure is
sV glliveltis) 15 Rf CH2CH2O( CH2CH20) XH:  Where Rf = F
(CF2CF2)y x = 0 to about 25 y= 1 to about 9 20 PETECS
PP RPRNER REMTBETIBEBsi ti on of tetraethoxy sil ane,

dielectric oxide |layer. Polishin [-shi
IPS): ptadsit fofatiogatsheed & pbisnrLegt kgl f ?%33’%%%5 i)
élf:{)pl ied by Rode[, Inc, Phoenix, AZ TECS Tetraet hyl

| BEyIlowa PV MBS PARAVETERS General A angstron(s) -
a unit of length BP:. back pressure, in psi units CWP:
chem cal nmechani cal planarization = chem cal

mechani cal rEgl '%sgi_n 30 CS: carrier speed DF: Down
RemgyalfRatps aR& gPECUIYTS ed during CWP, units psi  min:

mnute(s) m: mlliliter(s) - o L L t {SdsuPS bf the CMP
CuftA®S! per Sqﬂ}{gaéugeﬁcqugér: r)egfoilg le%}ér% at’%lg\rég}ln Fg“%esed of

pol i shing tookgoiin rpm (revolution(s) per mnute) SF:

slurry flow, mM/mn 5 Renoval Rates and Sel ectivities

Ta RR 2 psi Measured tantalum removal rate at 2 psi down pressure of the
CMP tool

TEOS RR 2 psi Measured TEOS removal rate at 2 psi down pressure of the CMP
tool

PETEOS RR2psi  Measured PETEOS removal rate at 2 psi down pressure of the
CMP tool
EXAMPLES
General

[0040] Al percentages are weight percentages unless otherwise indicated.

CMP Methodology

[0041] In the examples presented below, CMP experiments were run using the

procedures and experimental conditions given below.

Metrology

[0042] PETEOS thickness was measured with an oxide thickness measuring
instrument, Nanometrics, model, #9200, manufactured by Nanometrics Inc, 1550
Buckeye, Milpitas, CA 95035-7418. The metal films were measured with a metal
thickness measuring instrument, ResMap CDE, model 168, manufactured by Creative
Design Engineering, Inc, 20565 Alves Dr, Cupertino, CA, 95014. The ResMap tool is a
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Cu RR 2 psi Measured copper renoval rate at 2 psi down

pressure of the CMP tool Ta RR 2 psi Measured

tantalumrenoval rate at 2 psi down pressure of the

10 CWP tool TEOCS RR 2 psi Measured TEGCS renoval rate

at 2 psi down pressure of the CVW tool PETECS RR 2

psi Measured PETECS renoval rate at 2 psi down

pressure of the OCM tool 15 EXAMPLES GCeneral [0040]
fou-pointcnrolos sbeps sesistanereioght Twenty-five age fortyiee-point polar scans were

ST b A GBIk POnBaRELRAdObROY [0041] In the

exanpl es present experinents were run
using the procedures and experimental conditions

cRbYedy Pel ow. 25 Metrol ogy [0042] PETECS thickness was
neasured wi th an oxi de thickness neasuring

[Ob@ﬂt HEBMp t%m:\gﬁkéé G§ed ig%%frnaﬁ’#l%g%)facﬁ%ﬁ%@ﬁbblTe@quIQt)énals

onetrics |Inc, Buckeye,

309 (FBBveTag Hveriee Sﬁﬁtaaqllafa IQ?é'fQRE'ia e%?és o BGd% thlft%@ﬁm pssed
pdd] g&é‘&a@ta E)Iyrfgﬁﬁp rllé:c?%sbﬁl HakBMins SeadybiPhdddls, A 86034 6hs used

manu eative 30 Design Engineering, Inc,

or2 (P2 Ghatéh ﬁﬁ%h@blan@tﬁﬁ’féﬂ MShlﬁﬁstm4 Pad$ WeF&BM@n-irDW polishing
is a -14 four-point probe sheet resistance tool.

tweniyrfive- o‘umfay axide f(dEELIOﬁIteﬂ byeplaematerpehwd SYRfeomerld0S precursor,

PR s GG it LS THERRR apr i PETEOS
mositors Were aﬁllshed wiith Wlﬂi)éd( dnfioidippsiiiced sumlledlbal &J)Pors Air
Piadidr BOPMEBIES b o eSS | ca by Rodel .

IOBE@d I%%)ﬁ qk%g\%/% %ﬁd@%r&{okgﬂéf Eb rﬁ%é ];to %ul:ﬁé gﬁé‘ces@ﬁg film
restovdl €fisst dBapler, nextdaitaire mnirinbly tpelHEs'ﬂﬁO@ Themul ymd-poet

oSF AR 5o el SBoL B, BLAF B VIR (AR BTydheure, 21
pdi;Hetet-tudile esdure,ds0 psidsiuime flpad20d mblkein n, t wo PETECS

[0045] Defect counts were measured using a Surfscan® SP1 instrument manufactured
by KLA Tencore, located at 1-Technology Drive, Milipita, CA, 95035. This instrument is a
laser-based wafer surface inspection system. Using this instrument, particles and
surface defects on unpatterned substrates were obtained. Ther particle count was
recorded as number of defects, location of defects, and the size of defects. Also, this
instrument was used for measuring surface quality through characterization of surface
roughness and classification of defects such as haze, pits, scratches, mounds, dimples,
and stacking faults. Experiments were done by loading the wafers under vacuum wand
into a cassette, followed by placing the cassette on the SP1 instrument using a Novellus®
copper calibration standard. This method classifies defects ranging from 0.2 micron to
2.5 micron. The sum of all defect values was recorded as post CMP defects as reported
in Table 1.

Wafers

[0046] Polishing experiments were conducted using electrochemically deposited
copper, tantalum, and PETEOS wafers. These blanket wafers were purchased from

-15-



10

15

20

25

30

10 nonitors were polished with Syton(r) OX-K col |l oi dal
silica, supplied by DuPont Air Products NanoMaterials
L.L.C., at baseline conditions. [0044] In bl anket
waf ers studi es, groupings were made to sinulate
successive film renoval: first copper, next tantalum
and finally the PETECS. The tool m d-point conditions
were: table speed; 123 rpm head speed; 112 rpm
Silieartvaliey Micresisgtrenic,. 101 505> quephelli Avee EA; ab&qeﬂees’dm ¢hickness
sp%c‘?c&?dng a‘?e géﬁ%arﬂzgd"beré@o m/mn [0045] Defect counts

urfscan(r) SP1 instrunent
a A Tencore, |ocated at 1-Technol ogy
Pﬁé@é ‘F{Mﬂ?&ﬁiqr@n , 95035. This instrunent |s a
Coppeer 10H0RMA ereantreplam ¢apper/i 6P dcedppar ssas28 A Jigi angsilicon
L I rface defects on
T%A?n%lgpf g?é}% s'ugg ra @ﬁﬁg@g%gst%%ﬁed Ther particle
count was 20 recorded as nunber of defects, |ocation
fects. Also, this
Egms@ qﬁ@%ﬁ"%@%@%ﬁ’ ?kéﬁ%g%sﬁfr ng surface quality
Eia{%a& h characterization of surface roughness and
ssification of defects such as haze, pits,

SEHES BERHQ‘?‘& g ﬁeﬁna fakipg faul ts.
%rgsm?mfa%brrﬁét rb%ﬁfy’ o34 i s Under
2)V‘i‘ﬁ1 % staBfmzéd tﬂlor pLi %@‘Vbé’olﬂ C'SPQ)QHH?S

3)0‘1":?@85 %( using a

g:ﬁ’:\ olsfs |n 17‘!’-}1@%nrget hod cI assifies
5; %g%gm ﬁg{e@;gt y rfr 2.5 mcron. The

ues vvas corded as post CWP
defects as reported in Tabl e 1. Wafers [0046]

Pr'c’;%éjrﬁﬁ'f&%&?ﬁ@%ﬂa %ﬁgs q;%uct ed using

el ectroche 30 copper, tantalum and

OBFIER A4 B sgrpsgq%r%%»fooeq L5 556 5o 707
gl@ﬁﬁ‘ﬁiﬂﬂbionﬁee waltey, arfdtalidved T etirfusing 4 haghdmsstrrrer for 2 mrnutes
eci ficat |5§§s are

unmayi.zed b | ow. PETEOS
SO, SO0 BS oh GO e AT SPDIP S GBI Sty were
addeﬂmﬂy dﬁﬁ@é peflodoffanmiutés. |Afiep allowing #1é raixture t@ O JFo6 minutes,
A R GERST rPe sl o 58T AL 1 g, 177 grams o
pdtasEna el xide werstadded hod anﬁmabrsmgfo% akaddftiohardmirated Three

| ur 1) P 0
h%pgerégrams) of h%l%séséln %@rocx?debvegr%taddgé %l/r?actgr beforen[?olrshrng 33

Example 2

[0048] This example with centrifuged potassium stabilized colloidal silica is for
comparison with Example 1 (Comparative). The formulation is the same as described in
Example 1, except that potassium stabilized centrifuged silica, DP-290, replaces
uncentrifuged potassium stabilized silica, DP-246. The components are summarized

below:

1) Deionized water = 1646.7 grams

2) Potassium carbonate (45% solution) = 93.33 grams

3) Potassium stabilized centrifuged colloidal silica, DP-290, (25% solids) = 600 grams;
supplied by DuPont Air Products NanoMaterials, L.L.C., AZ
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2) Uncentrifuged potassium stabilized colloidal silica
(30% solids) = 500 grans 3) CGtric acid (10%

solution) = 183 grans 4) Potassi um hydroxi de (10%
solution) = 177 grans 5) Hydrogen peroxide (30%
solution) = 300 grans 15 Procedure for m xing the

sI urry 3 kg batch size [0047] In a 5-liter beaker,
ans of potassium carbonate were added to
4) ﬁHG aP'd ghamsolghorasi Blig@@Swat er and al l owed to stir
5) Lﬁdté‘ébl@n ﬁ?&&ﬁbqu%lsblwbn)‘ﬂﬂﬂgmmt es. Under
itation, %q/a ng&y\grl f uged potassi um
36’{5999%%01%?!( §P|“§‘P")l C P850 added sl owy
durlng a period of 2 mnutes. After allow ng the

Tof# ¥kighe=1B006gtdmd or 5 m nutes, 183 grams of citric
aci d were added slowy. After 2 mnutes of stirring,

177 grans of potassi um hydroxi de were added and
Exanpeved to stir for an additional 2 mnutes. Three

hundred grans of h i de were e
[ﬂcﬂg] o8 Srﬁ%qaﬂﬁ'-}'ﬁ wih Z)ésv'ﬁ%?rbb FSETE’&CT’BMB"P n'W@s EX ffq 1 ﬁé Y
formuHﬁuoﬁ ehel shH@ess Mcﬂﬁéd WEaingie 1 | eedptibat doms® FﬁN isquesent.

Is for conparison w Exanpl e 1 (Conparative). The
The gprpPaLAts Are SUPMmar I9¥ described in Exanple 1,

except that %s_} um stabilized centrifuged silica,
1 Gpsabied P"éfiﬁrac{fﬁ

P?tﬁﬁ%{um@}artﬂ’@ r| fFﬁg3 ot ssium stabilized
S ri. d
3) blépmtnfggge%q)taﬁ%% Irgé“cp élll(r‘a W@o%ﬁ = ?Q&)S rlabnr%

4)cﬁ'|t’l!fo‘f‘f%i@é1qp/&§%’ ?0 rams 3) Potassium
5)s‘E’%F$*P'i\éH'd Lflg &aﬂra'gﬁlca DP- 290, (25%
6) séPviR SN pljed by DuPont Air Products
7) I\HVF&TF&E@%PP@P‘@P 5@'”"%&‘ 39 sCl tric acid (10%

solution) = 183 grans 5) Pot aSSI um hydr oxi de (10%
T%P"[ﬂgfﬁﬁ)mo Pfqmgrarrs 6) _Hydrogen peroxi de (30%
sol uti on) 300 grans 5 Total weight 3000 grans
Exanple 3 [0049] This exanple wth Zonyl (r) FSN is for
EX@BTP!ﬁa‘i‘lson with Exanple 1. The fornulation is the

[065U]E s Q)@aﬁﬁ;ﬁléb@lﬂ deﬂtrﬁmnicﬁaéb;urﬁxmemted beltoidzd aiitd is)for
coﬁ'lspgrllsgn \I?v{tﬁsl’iigmple 2. T?le forrrrnpu?gt%}ltlg’ thafle.r s&earr‘?éJ as (ras'sczn%gd *?rﬂi%\cnple 2,
except that Zonyl® FSN is present. The components are summarized below:

1) Deionized water = 1640.7 grams

2) Potassium carbonate (45% solution) = 93.33 grams

3) Centrifuged potassium stabilized colloidal silica, DP290 (25% solids) = 600 grams;
supplied by DuPont Air Products NanoMaterials, L.L.C., AZ

4) Citric acid (10% solution) = 183 grams

5) Potassium hydroxide (10% solution) = 177 grams

6) Zonyl® FSN (100%) = 6 grams

7) Hydrogen peroxide (30% solution} = 300 grams

Total weight = 3000 grams

[0051] The results obtained for Examples 1-4 are summarized in Table 1. As shown in
this table, use in a CMP slurry of colloidal silica abrasive having soluble polysilicates
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1) Deionized water = 1740.7 grans 2) Potassium
carbonate (45% solution) = 93.33 grans 3)

Uncentri fuged potassium stabilized colloidal silica
(30% solids) = 500 grans 10 4) Citric acid (10%
solution) = 183 grans 5) Potassi um hydroxi de (10%
solution) = 177 grans 6) Zonyl (r) FSN (100% = 6

rans 7 dr ogen per oxi de 0% sol utio = 300
ronibyed sesdtecun o ATare= GORUGIPR A SEPERY EoUT G0 PSRRI Brocessed
cop%é?%#&e“ntébn%'ﬂﬂsbh fdlﬂéi‘éjomhﬁﬁﬁabmsltml kiliz@taving soluble

sl | S 30 e 4SRRI cogparave
Exafpl8X§ &P&9 té’séﬁnp@ py.| (€4 ofSbbrnparableshbidaiicac coneinigt wluble

are summari zed bel ow

polwmeszqnmvmwﬁdégﬂééﬁaat PEATPLET UEP P B dpgectiviy

colt fYFB?n 339 g ﬁ') el.mtza(gﬁammesi)amsbuoz ectonmiaratilelablloidal silica
ha%gaﬁ?b!m%y%@@égf@%o S ila e S3Eq syrdctE ggfe aeven

fu Fﬁé&eé’s@ ifl 0@3&?{%%&&1{ Qm:oppe]r&%rrgB@(&a&)p!é’ﬁj wsR0 (Example 4).
y rOX|de (10% sol'ution) = 177 grans 6) Zonyl (r) FSN

(100% = 6 granms 7) Fydrogen per oxi de (30% sol ution) =
300 grans 25 Total weight = 3000 grans [0051] The
results obtained for Exanples 1-4 are summarized in
Table 1. As shown in this table, use in a CVWP slurry
of colloidal silica abrasive having sol uble
polysilicates -17 renoved resulted in a dramatic
reduction in defectivity count on a post-CWMP processed
copper surface in conparison to use of conparable
colloidal silica having soluble polysilicates
present. Specifically, the defect count was reduced
from 5898 (Conparative Exanple 1) to 89 (Exanple 2).
Use of a conparable colloidal silica containing
soluble 5 polysilicates and havi ng added surfact ant
gave a nodest reduction in the defectivity count from
5898 (Exanple 1) to 5402 (Exanple 3). Use of a

conpar abl e colloidal silica
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havi ng sol ubl e polysilicates renoved along wth an
added surfactant gave an even further decrease in
defectivity count on copper from89 (Exanple 2) to 60
(Exanple 4). -18 Table 1: Effect of Renoving Sol uble
Pol yneric Silicates Using Centrifuge, from Coll oi da
Silica on Copper Defectivity, Copper, Tantalum Bl ack
di anond, and PETECS Renpval Rates Exanple 1. Exanple
2: Exanple 3: Exanple 4: Sanple Conparative, Sol uble

Sol ubl e Sol ubl e polyneric Sol ubl e polymeric. pol ri .
Taplg| Yy iflericof amevingSolubie; Rolymaer 'ng';'?ﬁéagg'“gic#% Hom Solloidal
Silica efdyarper Petaeiivityp Copger T antaium, Blackgighand.and i LRRp-Removal
Raﬁ& h colloidal silica silica abrasive from-ecolloi

Aol
; 1 T Ja 4: | Example 4:
surfactant wi th BamPEck ant F{Q%%i"\frl f ug?gfr{)%q? Ca| Soluble polymeric

Samglgr asi ve, Zonyl|( R¥anvl (r N silf i Silicates
(Centrifuged ( onﬁfegq yﬁngeéc gﬁlgl él uged s_i[%la!eica) ~f«removed” from
silica) silica)l oielldfasmy - |%e o%ecf" 5 Cipkdsbit @ 4 colloidal silica
w. %0.61 0.6 {icBsbdsifel RPabasskiididal car hematket, W with surfactant
1.4 1.4 1.4 1. 4 UR&n@Bsded M Nsnicoxabraive, W ZorIGHEN). HEonyl® FSN
0.59 0.59 Dei dniieed wat er BaCentifege8al anitmcBuifage ¢ (Centrifuged
Bal ance Hydroden peroxide (ldfie®), 3 3 [3dsiliea o peilica)

Siicevotie addin HA® 10.8 11.1[F1.2 11.12 | Topper rendval
rate at 509 504 476 457 _2PSl Tantalumbrenpval rate %t

Citriea®, #80%582 750 0.6PS| Bl ack |Bednond (r)| MBhoval 629©
764 46 70 rate at 2 PSI PHETEGCS renoval rate at 370

Lo Yo Mo W, Wa WY = o

Fotadsiam 28onite w2 | 4 14 14 14

%

Potassium hydroxide, wt. 0.58 0.59 0.59 0.59

%

Deionized water Balance Balance Balance Balance

Hydrogen peroxide (H;0;), | 3 3 3 3

wt. %

pH before adding H,O, 10.8 111 11.2 11.12

Copper removal rate” at 509 504 476 457

2PSI

Tantalum removal rate’ at | 635 750 582 750

2PS!

Black Diamond ® removal | 627 764 46 70

rate” at 2 PSI

PETEOS removal rate” at | 370 401 262 349

2PSI

Post CMP oxide defects 182 157 299 60

{0.13 micron)°

Post CMP Copper defects | 5898 89 5402 60

{0.3 micron)°

aSilica used in Examples 1 and 3 was uncentrifuged potassium stabilized silica, DP246.
Silica used in Examples 2 and 4 was centrifuged potassium stabilized silica, DP290.

bAll removal rates are in units of angstoms/ minute (A/min).

°This row lists the number of defects of size greater than or equal to 0.13 micron
measured on an oxide surface following CMP processing using the CMP slurry as listed
above.

%This row lists the number of defects of size greater than or equal to 0.3 micron
measured on a copper surface following CMP processing using the CMP slurry as listed
above. These defect measurements were done using the defect count test procedure
using the KLA Tencor instrument (as described supra) on 3 wafers.
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Post CMP oxi de defects 182 157 299 60 0.13 micron
Post CWMP Copper defects 5898 89 5402 60 (0.3 mcron
5 aSilica used in Exanples 1 and 3 was uncentri fuged
pot assi um stabilized silica, DP246. Silica used in
Exanples 2 and 4 was centrifuged potassium stabilized
silica, DP290. bA I renoval rates are in units of

angst ons/_ m nut e Th| t
[0032F g ERE 2LRW Epredhts AR ar T A ghEIe el fSfud fEifon on o
draffiait @ﬂfel&o@ﬁﬂﬁ@fe&dv@ﬂews OV( pdet—GM Pfcapperf \arsusdxide Safaces

processi ng usi ng r t
usite Rpigbaed 8t Bbiaste i Hinalt fauple PoBerd SitBies for ome
prob@éﬁ‘thAﬁ%L@bnﬁmtrﬁls faiblw, tifexm is suzprisingiyla omich gre@tpeeffect

surface fol race n
depppdinoanihelag b sHaY RS B S st bbbt ik iodh Hostomp
defdStivitg 1dvaes fdeh eBbparaurface Bsielativo tednl oridé Sudaten ngmenea@wed

Tencor instrunment (as described supr
differegice fpeeipctiviy IC@L"?t Ped 6WRL ﬁF'g cgg @gp‘%rl??&dn ogolcha%n gride
1 above to focus attention on a dramatic difference
surfacedef ect i vi ty levels on post-CWVP copper versus oxide

f
Tas\!gh.] Cespggp%PgD%lgptﬁﬁgd@&dé }|I Capé&r @m&%\%ﬁr‘ﬁo@cmﬁdwmg
Siliek %%‘s&lmnh And iWitieore rReémovifg Solublel Rolyrérds ilicajes —Slurry

surprisi a_much e effect 5 dependi ng on
COW?QB%‘P é_:ag"%% Befﬁﬂtﬂ?ﬁé'? ?’8&& licates are present or not
upop—post~GVP—deteetiy rflace
- Nldrgl:iu?f' qr%zects Tl”e Nurfiber df defects”

|
inftelation to an o ide sudace, - on%%ﬁ%i TACE. b i s

di ff P@H Ofi n def ect ‘gs 3 ?
5, 805°TE& s just 2p il BXI de surface. Table 2:

Compatison—of r\cfcr\ ad

Af{TI Sobé?tpg cC ?821“ V/\I UC aht Oul | adal

O Silica AbraS| e Wth and
W t 16U?atﬁ%ﬁfﬁ§reﬂb ubl e Polyneric |Silicates -Slurny

Conp8Wéafitantsane as Descri bed in Tafjl e 1 Number of
def écts Nunber of defects  Sanp

-l e f
ATt €—Gf OR—OXt+0€—Sut Ce,

|
on ¢Sghele RAYMEEE | Hfment o. 13 ni|&%n 0.3 nicron

Sol (iBligatgspOsRAti NG 182 5898
surfactant

Difference in 25 5809
number of defects
(Row 2 — Row 3)

% Reduction of 13.7 98.5
Defects

[0053] While the invention has been described in combination with embodiments
thereof, it is evident that many alternatives, modifications and variations will be apparent
to those skilled in the art in light of the foregoing description. Accordingly, it is intended
to embrace all such alternatives, madifications and variations as fall within the spirit and

broad scope of the appended claims.
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silicates present, No surfactant Sol uble polyneric
157 89 silicates absent, No surfactant Difference in
25 5809 nunber of defects (Row 2- Row3 % Reducti on of
13.7 98.5 Defects [0053] Wiile the invention has been
descri bed in conbination with enbodi nents thereof, it
is evident that many alternatives, nodifications and
variations will be apparent 15 to those skilled in
the art in light of the foregoing description.
Accordingly, it is intende@GlLAMSnbrace all such
alternatives, nodifications and variations as fall
within the spirit and broad scope of the appended

1. 8h afjurpus-basedctonpasition formeaatpaémashanmemawizpfm efiaogurface having

at |&43¢ 0941%%}&@}%%%% gﬁ%lng% sﬂffon %oﬁ‘npﬁggiﬁﬁe

aving at [east on ture t ereo conpris
coppelﬁate;f,'ai d conposition conprising: water; coll oi dal

si Il collofte 5|||c°a PHS Sandtarblyirdd &eso%lesﬁlmrﬁ: sﬂﬁhﬁé@eédoc

silicates; and an oxidi zing agent, wherein said

conpo8f pxigigingagent. WPP‘@f” s FArARRSifion 93t g Phbyefdiom about 8 to about
The cepposi t| on of Caim1l further corrprl sing a

_Eurfact ant. 3, The conposition of Claim2 wherein the

het faRRosHien |°§CE‘"F I §ENsE GPPRESINE Suactafhe conposi ti on
3. THe &drapoditibn Wheraeh 2 wH@eeumﬁeCHua‘haantagamhoﬂosuhwm.gen

. G orcalar b iaTad Yes binsns b qutioges paroxide
5. Thad ¢oonebaltios iof Catm t h\&iereus cauﬁtsgam haaks Iogeif eeplogéd Boprothhee the

|
colRBalelRe ot RinBh iy ts o PCe BabwRie TG at 1 cast
6. Anethiceidbuchemitah ereebanicad planariaatign obpp@face havidg atlehstine feature

ther%ﬁﬁ'@&h?n%gﬁ%e&{@e?tsgﬂ é%i‘wc{ é?me&lsﬁ.l%ltng s gpst rate having

one ure thereon
A) placing a substrate having the surface having the at least one feature thereon

comprising copper in contact with a polishing pad;
B) delivering a polishing composition comprising colloidal silica that is substantially
free of soluble polymeric silicates; and
C) polishing the substrate with the polishing composition.
7. A method for chemical mechanical planarization of a surface having at least one feature
thereon comprising copper, said method comprising the steps of:
A) placing a substrate having the surface having the at least one feature thereon
comprising copper in contact with a polishing pad;
B) delivering a polishing composition comprising;
a) colloidal silica that is substantially free of soluble polymeric siticates; and
b} an oxidizing agent;
and
C) polishing the substrate with the polishing composition.
8. The method of Claim 7 wherein the composition further comprises  a surfactant.
9. The method of Claim 8 wherein the surfactant of the composition is a fluorosurfactant.
10. The method of Claim 7 wherein the oxidizing agent of the composition is hydrogen

peroxide.
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conpri sing copper in contact with a polishing pad; B)
delivering a polishing conposition conprising
colloidal silica that is substantially free of
sol ubl e polyneric silicates; and C) polishing the
substrate with the polishing conmposition. 7. A nethod
for chem cal nechani cal planarization of a surface
having at | east one feature thereon conprising
copper, said nmethod conprising the steps of: A
11. pThecinathod of Glatnh Satrerdiatheraplivital sdiga thet & subsiantiplly firee af soluble
i sing copper in
polyrﬁé\%sui?;%s ﬁﬁ?o%% J&ﬁﬁﬁé@ﬂtnf@dﬁ‘@ del tver ng a
12. thq wmlt'@o epelain r!dvhetejmrﬁ}e soluble palymeis gilisates|are present in the
corﬁﬁ’tﬁftloh St 8 el éfnéés%ér}/ orf erq%gl Blabs@ d@lﬂ/@rgﬂ%éf'@@{t') ¢

l'icates; and_ b) an oxidizing agen
p'gpq %qul'lm)@ltlpﬁ &f Glapa 12 whereip the sp&@Iemgangqﬁcﬁlcates are present in the

corfisUERion iat & Vel &t lesEBar®idiRdl t8fab&litd) 28 Wei e%éht t he

C osition further conprises a surfac
14. Resitien af ¢riagin WA whefein ihﬁé""%lefp&&mﬁw SB’PatFﬁ éfe Prese”t in the
confuRios iat & Vel & |@ssftharo¢srwua|fta%bamto 10 Wéight deeceret hod of
ere nt . of th osition.

7 th
15, 1% Rrnein ohEplm TaBheresting fol SR Doy Greri aigneThis prpent i the
conmgositien @t & evelogilidssitikal orsdquiblta abbatto. mweghqde&rﬁnt aldl y
ced us

16. iSeoPing3 et Bt CrarB 35 YEraiE 1 el bR RbaicHeRRAES SthtRidti i e
conmgusitioo btid leyeld llgssenarcorsiguaidatabsutdy @ weigistepetcenh t he

17, Gﬂgo&%;}ohﬁgn at C@mll ] % I%Elrh hS%%luBE}% y%en%%#@%rag greaﬁgyént in the

compipgitien at a te@eb:tillesbltmwleﬂnelrto ebemtIOi Htvweghdpergentsent i n
18. t/ﬂ?aqd‘e%ﬂgg%éd &Enp%ts.ltrgn lfo‘?Y:ﬁéT%fal #ﬁéﬁnfnﬁﬁi&aﬁynz&% a'SQirface

er cent sition
havnigeat nlﬁaftsommféatyrmthew@nwmbweg penpgrsaidconposion eampnsing:
preseg}“} L he conp05|t| on at a level of |ess than or

equal to a out 10 \NEIg ercent. 15. The
conpo8) frPByaLeHt ttcaahﬂul WRig bFPQTCQfﬁ@fééﬂlﬂﬂaéS'bGﬂ iakip pebstantially

sili Cf}g@gfgﬁlq,I@ﬁaﬁﬁ@,ﬁcg,ﬁbaigge conposition at a |evel
of less than or_equal to about 0.05 weight percent.

16. T%frewﬁ&eth?&]amut eweight percapter @ingTaxe: sol ubl e

pol ynay fremsdHoLE@DE B tordtRUPD. ¢w§ht parctaﬁlebf a%@ﬂ’@cﬁﬁtﬁtt I on at
a | evel t o about

per coft 0T AbowROL Bt B ipiat Peicania agiiene g

sol ubb@npﬂjnwﬁarec@dsrdn BeigsupadoBsiBlirSe Ndmmdnilenydroxide,
hydroxylamine, monoethanolamine, diethanolamine, triethanolamine,
diethyleneglycolamine, N-hydroxylethyipiperazine, polyethyieneimine, modified
polyethyleneimines, and mixtures thereof; and
f) from about 0.01 to about 0.2 weight percent of a chelating agent selected from
the group consisting of: ethylenediaminetetracetic acid, N-
hydroxyethylethylenediaminetriacetic acid, nitrilotriacetic acid,
diethylenetriaminepentacetic acid, ethanoldiglycinate, tricine, and mixtures
thereof,

wherein said composition has a pH of from about 8 to about 12.
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conposition at a level of less than or equal to about
0. 001 wei ght percent. 18. An agueous-based conposition
for chem cal nechanical planarization of a surface
having at | east one feature thereon conprising copper,
said conposition conprising: a) water; b) from about 4
to about 20 wei ght percent of a colloidal silica that
is substantially free of soluble polyneric silicates;
c) fromabout 0.2 to about 5 weight percent of a

19. pEhesinoiepsitidh of Ctaim 4B evnierein e peraxidelie bydrogen pesdxjthe.

20. pﬂ;é:cecmnp%[tloﬂ o?éra rﬁ%)?m%reu?{hef o%e@gb%erg s%;atreg a?@&ggeépt in the

coremsm@n@tl a iervsh@ftld!ﬁ@ tgammrﬁq@lemla@DUWZ%weIQHWﬂMm
21.hysl ﬁ?ﬁhﬂﬁltlon I3y 8=k b Wﬁefr;é‘ﬁ? tg%%ﬁgﬁméf@sﬂﬁates are present in the

di et hanol am ne, trietha
Co'mctﬂtﬁ? laba deyelef &%rﬂ\areor equaita eyl LeShyeightraregnt ne,

22. PPhe/ &3rPdsRIBR 0T Rfn zmbfé.ref#le sra%béedoi%&ﬁ%n.ebteegre ﬁ@é’ent in the
m xt ures thereof; f) from about 01 to about O.

comRAsERA abe.l%mf s tharcorauel tﬁgba@t&ﬁms\@w&p@&em o i be

23, grmébn%@mbﬁbf OGinef wr@téw{r@misazr&rnﬁ%cﬂt n@fbeéuo@t i d,
triLaceti c

droxyet h enedi am n

24 fing Saisasltion SLCR 4B fere e ry P SR FH0u AR
aci d, ethanoldiglycinate, tricine, and m xtures
t hereof, wherein said conposition has a pH of from
about 8 to about 12. -22 19. The conposition of O aim
18 wherein the peroxide is hydrogen peroxide. 20. The
conposition of Claim19 wherein the sol uble polyneric
silicates are present in the conposition at a |evel
of less than or equal to about 0.25 weight percent.
21. The conposition of C aim 20 wherein the sol uble
polyneric silicates are present in the conposition at
a level of less than or equal to about 0.05 wei ght
percent. 22. The conposition of Caim 21 wherein the
sol ubl e polyneric silicates are present in the
conposition at a |level of |less than or equal to about
0. 001 wei ght percent. 23. The conposition of Caiml
wherein the pHis fromabout 10 to about 12. 24. The
conposition of Claim18 wherein the pHis from about
10 to about 12. -23
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