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07055 USA TITLE OF THE | NVENTI ON: COWPCSI TI ONS FOR

CHEM CAL MECHANI CAL PLANARI ZATI ON OF COPPER

BACKGROUND OF THE | NVENTI ON [ 0001] Thi s invention

rel ates generally to the chem cal - mechani cal

pl anari zation (CWP) of netal substrates (e.g., copper
substrates) on sem conductor wafers and slurry

conpositions therefor. In partl cul ar, the present

invention relates to a CMP slurry 5 conposition that 07055USA
is effective for use THLESpEH! E&Hd)on&hl ch affords

| ow def ecti vi tS{F | evel s on ol i shed substrates

f o QNP AG IERNSITR L4 EMGAL EQHWGAHFMNP&E%&N 8IF GOPPER
useful for step 2 copper CWP where | ow defectivity

e cal " mochan ¢ FAGRGRELNE &F tﬁ%éﬂ@ﬁw BN boho cal
Btiss3 g Pfunyerihe isiatea S0 Tl i ihe ot misaBmeR i PaRatFon (CMP)

af inetzABGbsIRtedIeq)), dPPEI élh)%ﬁaﬂeﬁ) S sEhiebaduvidravdfersaiid slurry
ture ubllc i nt odu tor

en |jter
eBrBoalirs Brrotie n atSilet, feoargsent VBRI ThISatET I CM slury
Boinpssitiorpthalis eﬁectlvﬁhbmmeeih capper CMRRInGwhich afRRGSRW defectivity

415- 460 00k o nduct or uf actyrin .
g pngshed ebRes Slowgd kP Hacessng, AR iyenien Bepspecialy
Dedflsbfor stp\@ cépplr CMPYwHe?0 () deféBtivit) MB]s dinplanarizedGabstrates is

gl\/l?%jrocess, a substrate (e.g., a wafer) is placed in
fct with a rotating pol i shing pad attached to a

BODif C cheoeL mechotitatplarBrestion o TR BethegiBheeiitio. CMP) for
dlah'alwatﬁh’laf pemm:es&im s:cmbsﬁéété? Jsmdvst Widalyeknolrtb Iﬂg:.sbfmuled in the art
ixed to

Bt BF BT dsactBe Prtlupiuts PaeSivatn speB et ypdeations, An
imiotzladitbrygefwacbeamcﬂ:MBSs =13 &ﬂl&w&e"drﬂmmeﬂ:héﬁibﬁlei)ohgﬂ' by G. B.

ai nst , the rate. i shes
%ﬂ Ea@h e'" o PPYFT 4 E%‘f E‘Eg" Sfﬂs"?f’é\df’g"él‘f'&“”facm”“g
Fr'ecltrmtngyabdmors; nY enighitanaioR vﬂ)dsdfnnghlalamebabkmr eNéw VY Oeity(2000).
pl anari zed due to the effect of the rotational

[mme]nem a NpldﬂhéNWObﬁésabisuBsﬁme (g., awasén) &l slaced in contact with a
d _in thi

n il th .
(el i pafi eI e ACVE Aot Okicely ohgbrasive and
Obwailca"yo’epetm riRtupE ii%) gum:ﬂleetd ﬂfetpa\d&iu)f ing ICMR pictessifgof the

ST SipinkPe TP Bt EnEPhd Bybilo BB fint i Subsiite are

mistpd mhilel ai wafencapiérdiysiengor palishing haadmdmliampré&ﬂ%ﬂdownward force)
gl BRI SRS S Bieecl plenieatfi doatisning) process by
dierhiealtyraned haghenicalihintdracting Wvith the [sabstkatel filed Beihg planarized due to
[B%te%eicfa Iof 'the IrAt'at?o%gI %Io%(mgnet 'of e ;%Jq I%Tativé %o the substrate. Polishing is
continued in this manner untii 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 fayer, which can be a low-k dielectric material, silicon dioxide, or other
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07055 USA material. Miultilevel circuit traces,

orgps ud8Al y formed from al um num or an al um num al | oy

or copper, are patterned onto the lowk or silicon

di oxi de substrate. [0005] CWP processing is often

enpl oyed to renove and planarize excess netal at

different stages of sem conductor manufacturing. For

resterint| Multiave! ooyt traces iypiesdy éormeddromaluminamepr abaeinum alloy
of Bl QHa Bherlod BhANAG IWRRBPEIGIT diide SUtRRSR, ON 2

I'’con dI oXl de substrate I1s re erre to as the

[ms e pﬂ{cggﬁnﬁ@ is dﬁég%ngﬁépgg ?n@ gé!ﬁn%\fé{ ?Wéeﬁeﬁ'% lé&bé& metal at

rocess t I Ca

diferen stase el sermigerducto saprstasbaing) |Fﬁé§X3"@IP|9WY i faricate a
nﬂ.ﬂt‘ﬁe\feq’ Etfgf?&r Wel%b QP'p'ISI‘Br%bp&E‘Ju%h it gﬁé&sdﬁ 4 Sificon dioxide

processing. In a typical

sybﬁtaéw reteﬂ@dutwé theeslﬁénasem pEcesT I ggmiedndugios magufacturing
pP&feE@ Wﬁ?cgll)bﬁsé’ﬂ ﬂ)go Q\‘rﬁfﬂlé@f‘@éppﬂ? )ﬁt&EGﬁhe@f %?éiélﬁzécpcopper lines

form vi as and nc for vertical and hOfIZOﬂta
OF RORREE Yigs GEe Epnaﬁdl biglestrechamical inesalciepesitions folipwed by copper CMP

pﬁ'cfgegélﬁ@nﬁﬁiypﬁtagﬁééﬁseﬁ\e lﬁ@ﬁeve@ﬁfe‘e%frﬁq&d)ls%ﬁég E¥aReindd by a

coat ed an adhesi on-pronoting | ayer such as
cenvestipRahdsy etch pracass e faﬁﬂl)" ige agd drepehesi fonvastical pad hpeigantal

uﬁé‘r‘&Bnﬁe%té éﬁmhk@b&ﬁeﬁhﬂﬂo‘%ﬁe E@(ﬂéfér %ﬁéﬂ&bﬁﬁéc‘f’ §tr@éf€|res ‘-THE

surface and i nto renches and vi as.

Patiﬁégd &+ purtacetis peptediyith an adpestprypromaing ilgver sy@as t'tamum or
tQﬁélﬁhedndyﬁléedlfﬂhs%ﬁ Eﬁﬁeﬂ&ﬁér%ﬁé‘l‘i gl tlt‘ﬂhfuh'l ﬁifﬂ%% éarftél[lm nitride over

exanp by a seed | ayer and

8 LB SUBeRB AN P {Pecaighes tresahemsbyias. a%q adhasecargmoting layer
a}ﬂ@@?ﬁietdlfﬂféldrﬁbé}ﬁé}tIéwq‘éjth\éﬂto\/ércbgﬁd %Jtth%bb’éreﬁ)r @k&mple, by a seed

t he deposited netal Fi nal

CRPRIY 2y$T ARd f@'o\‘!(@@@y@ﬂ eﬂ%’ﬁf@‘&"&ﬁ"ﬂ'ﬁ@yé@ﬁﬁﬂedmpﬁ’éﬂéﬁ'r Electro-

d@ﬁ&ﬁt%nqg t@ﬁtﬁﬁﬁ@ﬁ iUREN th& ¥Rlictured Bﬂa‘ AledWithftHe H@ﬁbsﬁ’t@& eI, Finally,
unti| a planarized surface with exposed

%PQCS\EF"ER)WHSG%O EMovg the, eORReE PERIAYRG a@B?ﬁ‘?'bBWmOtmg layer,
aflbRx bittasien BaRler [9¥f, hhtll%%léﬁé?&ed §u@$3eﬂ.hﬂ'?@kpo§&? elév@@d portions of

and trenches refmin wth electricall

theotialgeiric (eilicopystirxider @ﬂqﬁ@rrlgwﬂ éurtaqed@ phtajngde 69 Kigs@ang trenches
rérASRGlled BRI eRBFiAlERNAARRB cobPEF IBMARG B dhuit ntélBShHRES.

it 1s usually inportant that the renhoval rate of the

ooveﬁl VitiEh &ﬁrétbsboﬁ@vwmﬁo%smg |§Qie§i'réiﬁ iitfié GSuHIY ¥mportant that

er than t renoval rate for dielectric materi al
th%remqyelrr ageoofg% metad and-barigr E’é’eﬂﬂ§l¢r'ﬁbb%'gfﬁﬁfia&ﬂy higher than the

rérR&dl FA8 fcﬂ'@lléiéctﬁé ﬁu%te.@lﬁl lﬁfor&eh@o Q{lﬁb %F kirifize dishing of metat features
Al ternati vel process ‘may be

OB ARl tharipReTiag Altbraiien, Ol SIRNGIPPBHAMP process may be
eRlpRsyet urmtwrmheﬁmﬁd? ForROVRPER PIRSRANIGR B the cBhEs Rdrtiufden,

step 1 CWVP_process I'l owed by barri er

f?fasr@q‘ tece sﬁead@@per GME mmq&efp"cp\wbw @W"ﬁf layecGMPoprocess.

Thé PAHRR dyér CﬁfFe;Erbé’é%st@fr@&ueﬁutlp ?éfér‘ré‘d tods §B§|ﬁe?or‘3§9;9§rcopper
process Previ ousl é?l It Wwas believed that the

anqupsq JPrevigusly Htwas believed that thegemgval rate of the copper and the
aBREsIsH- Qr%n{b"tlﬁﬁ‘iliyef‘ﬂndléb/tﬁé dffid (oﬁ rbaHEP It H@t Sth B?éartlé( @kceed the

| ayer nmust both greatly exceed removal rate o

remévab e PLdilgctinge t%mogﬁmmgemwy FipBF When gipyatedlaprtions of the
dRl¥it £€ eRPEIAdO Thehtid Hihe 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
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dielectric are exposed. The ratio of the renoval rate
000550 per 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 07055 USA material. The ratio of the _
raenial.aThe sat'@ ajthe eemoxRlnate of tamalumdede remaeyabratg of dielectric base
i A8 Hd ts%l dr ferfiddl Sftahf&ﬁlm ﬁerle Bh Yd El|¥lecfr%rdunng CMP
renoval tan umlnre tion to eectrlc urin
p(MESSlploE\ét@sllGMP slwyéas \@ilFhigh §¢|ﬁpfé/§y \fﬁ"tfﬁmﬁvﬁ i9f copper and tantalum
:r? i&ohity erYecg'&r?ré%QQH é}heﬁ’ use &fs cﬂeéa&gfﬁ ?shbﬂ creating a

ation to ectric ar € Co ers are

dea@ss'yn OV &dishing”ieffgetdn meetmppﬁgwas gn%@m@g& J hlSdeature distortion is
gb%‘léﬁ@e déd {oqﬁﬁog'rébfﬁ&‘&n&&ﬂ@teéongké‘ﬁtsaﬁ‘ geﬁ‘nfo%ﬂ&@ﬁ&* mamiScturing.

Peattre distorti unaccept a
[bﬁﬂ?']‘ O R Feie o‘%tti:jm fHap %tdr@.hl'fgb‘h fop sérﬁﬁbﬁ@ﬁt‘i&%@ﬁufactu ring is
manuf act ur i ng. Anot her feature distortion that
calied jiegesiarab Eeoqusé opegranky differenpe batwegniafigld of dielectric and a
ogﬁl;é §lay 6 &%b?ﬂnas & dt IcRBs. / GNIe, ﬂw@ Pr%én"i’a‘l’i‘h‘l tHé Eéﬁ%eeéh?é%/ maybe

etween a fi lelectric and dense array o
repysst onaradecoat & faslge Fale thanﬁhwoqnﬁ@grf@!de?ﬁ diglactiig, T'Né causes a

t et iRwddh B TRNES dRie®iCaRAthd dedsd éﬁﬁ_lgfé" array.

rate trﬁan t e surrounding field of dielectric

[660&I €A Bpi WWB‘ sHirfyfrRE A6 Scifis\\s @ﬁerﬁf&&l donfidheRfand a

dielectric and t densé copper array. 08]
npgrhRRiSRl %ﬁmPfx’éen'CW impQraRt aeasidespgon it sllemssel%e:t@né?np@aﬁwe etch

raR PPN PAssRRbiéh rafE R/ I'a‘fé‘bt WRIBR EBSHEr is d%éhdumoayttﬁetcnemm
consideration in slurry selectionis €a55|ve etc

cpmpenent alRneRskshoaldbe i igeaty lower and raioahiaiswhen both the

cﬁ@ﬁﬁ:‘%f cdriipdHeRBahd/ i n@é/chtaﬁi%al%ﬁiﬁoﬁéﬁt are wﬁz@%& NANkrgR!R88ive etch
and should be signifi cantr&i‘psower han the renov

al
r?‘ﬁt'@%@ﬁisbwwfﬁﬂﬁsCOp@ﬁéW abdperranviagnand s, preferably the

PABSVEBICA Rhte GOIEBS TH1 0Baohid¥?) PBAmintd. ar ge passi ve
etch rate leads to dishing of the copper trenches and

[GﬂmedeﬁhQ%heﬁﬂﬂl B&isanidal plaRAMNIYR of EPpeh Wefdckes BhER deposition
rate i s less than 10 nanoneters per m nute.

PP daR o4 RaFles| STibEKiARs EIDDPAS EHR 28 S SHEGPp detect tes

uﬂ:‘ﬁfdéqaiesbiféh s&atcHBS Fhddrids ndlrr%fésoéndlﬂﬁaﬁhd f%@lt@% hurﬁb&sof slurry
nd surface roughness can resul Sonme specif

def e
DYReSTion ASIeme R4 olrapger GF resiehaSeastinchave demp KEsiosed
using cﬁﬁe?éﬂl’t'tﬂibsfcﬂlébia%lve/baﬂiél&e Fonoéxaﬁ*dl’é 'Y.S FAREMOS 5LT @03 to

systens or reducing defect|V|t

Nkl Deak aspaRasdbe e BERmedar presmiatodt SikeLorAlLmianAs hese
aﬁzdsﬁ\.:ecda?ﬁclﬁsﬁﬂal’ve@(@ﬁ%&y to H?ﬁgd%h@ Btlerﬁm@ Egél%?nefré’non can produce

I . describ use of
spradding qefects dyring E‘H'Sblﬂgaﬁlﬁwh@s'vﬂ% P?'F\'E'@é sych agalyajina.are hard,

tlﬁlé'i:éh Fdsft |mﬁ|&?o~§crbﬁ:hﬁ1§r6f)éob§ér%ﬂh BﬁfshfhgoHéﬁcé ud&of colloidal
gl omeration can uce scrat fects during

Sﬂ'sa issprefegred ip the raﬁwaagﬁ'%@‘ sheFes. Epégxawéﬁ 14S- aprligatiep
2808/01%8,000, ndi LB SCRateMtE>984,600" td7], BeRv Bt BRHESKNBE thé use of colloidal
copper during polishing. Hence 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 colloidal silica.

-3-
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silicais preferred in the preparation of slurries.
07055 B%anpl e, 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 mechanical
pol i shing. Even though colloidal silica offers many
advantages in slurry fornulations for chem cal

The shizhledqudlymeriprilicatestdapromplexyyiihegoppenduring potishing ebeppper-
I |
ST IBs o, TSP RapiaPedryeb i defetP A1 fscratching, i
aQﬂIOI‘Q,S@Pe@paefePWEPﬁed during the manufacture of
colloidal silica. -3 07055 USA The sol uble yneric
(G100 0 eiationnio GapRsT GMTM 06 CUERTE IaieIck isdSEIBIRH M 5R use of a

t\ﬁ@-@fé%rprocﬁég tt@ééﬂlé\gz Iéég? $hd Jiceal plgﬁﬁr&aﬁmltﬁé 6Fdd98tlcﬁ'?& [C chips.

result 1n defects such as scratchin pits,

Dwiga stepclopfiferonsar EMA rrgcessothemveroyrdas cmppewsmﬂewpeThen step
2%e &gb%ef': EMPERTbcsdsabiovd torBhdvd fiehaRie? %S/ei‘ aNe blt{ﬁiévé'&ﬁh local

t wo- step gocess to achieve | ocal” and glo
apﬂ aw&)ﬂ planarizationy Garerpis afierremevaliof prerbHides coppgiiin step 1,

polistiad wadr dﬁurﬁ@é@ﬁéve% d?ﬁf@ﬁﬁﬁ)%al éﬂ%ﬁgl@lyéi E%sbﬁﬁrhuﬁqs Rffferences in

IS renove hen ste process

theostephgights at efmﬁ oeiionapt he Mﬂf%’)ﬁélffa%ﬁﬁd Lowrdensity fratyres tend to
ha@& ﬁlbheﬁﬂ?)pgll aBgh ht%We'réé&t RiGH der‘@@cﬂ)%ﬁhr‘eﬁ terﬂf lbeﬂave low step

r enoval over en copper I n 1, po i sh

heights: Q,qp(tpét,lft@gerpf@@@ H@rﬁltheﬂgﬂtmaftgroggp arﬁegpgggper CMP selective
SRRk PP td &nfﬁhﬁrﬁ % %Hp%? rénﬁbv%@rété@arﬁi &ibp@?to&ﬂid% rdhoval

various | ocations of fer surfaces. Low dens

rates aie kighly dpgirabls. waatm p@therrer@ew &qte of ta@tai@ném@ refnoval rate
oY‘@(ﬂf[%?% éﬁllg@tr@e Qélb&ﬂ(nﬁ/ RF Hinfval tﬁ"’i&t&l@nﬂﬁ‘f@la{l&ﬂ er during

fferences in the step
QM% BrOPeS%mgaaf sybétseﬁs% FO'@N}PS@é?fQQPIPQfetaHEﬂ"{W ﬁn §I%°MF material

iect to tantalumto copper renoval rates and conf)
[QQS” xiThere Ap@mber 9f theotpssanioghe (negbanismprehemigal-mechanical

pbfghirg éffcoPB@r NSk by . Qe@iertz%tﬂrb% 08, PI6émes RDD?éscher

rate 15 o er is call 'sel ect|V|ty

9%?@9‘5['2%'9"@5 aﬁ'"lﬁ'i‘i“ﬁ?ﬁi Mﬁ?ﬁﬁ'ﬂ'F@J r? olighieg By EPECHBF'PQE@CE'CI\/P
IrWeQﬁéﬁ%hQ'@(Wéroéfd@ﬁrﬁ@Eﬁ@né‘é?mgr 3@(@9'4)@59‘-29@ ﬁngh&l@)mg@'?*J [Proposes

dielectric materi al here area nunber o
thet &t ehesnical compppent F@W%Pwvﬁmn @M%frﬁfbfaﬁ CRERSIFAARGING the

cBQéérf’t@h%pQér c&mp errhe cﬁB%é\*d)dio@ r%smmé?entzﬁééﬂaﬁrcan groperties, such
tavreva t ner Dr esch er, Characteri zati on

aéﬂe@tvamrhaé%%%@nameé%upc WpPPEMIRpssiyalionehangen 1A RAishing

b&ﬂ&n Rl Phdd WGthEé‘rG'l BeAl 'eﬂﬂﬂed ‘Chemical-
pr oposes t he

Ns@s;glm) SIE (Engl B
Anied| Polishipd AEGePred With W%Yﬂ‘@h'“@i_@&?' QJﬂ'eFtﬁ'Es (Thin
Sofii? Prhs C‘fQ@Bﬂ'd’&:ldsE? that HARECHARICBI EoMRflenPbre8es diBfated Rortlons

copper oxi de di fferent nechani cal properties, suc

ofGORRENaTY (recanamial EPrEBE SNt figh dREBP e SuBRd maiRial. The

cRédRaN&nhineflAES pEssivatestabaszBY '&Sppér%?@as%mfn‘%ﬁmg dlssolutlon of
abr asi ve porti on. The above article by Gutmann,

thgse pogignst | ed " Cheni cal

[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
0PoSy8A Interl evel Dielectrics" (Thin Solid Filns,
1995), discloses that the mechani cal conponent abrades
el evated portions of copper and the chem cal
conmponent then dissolves the abraded nmaterial . The
chem cal conponent al so passivates recessed co

[0013% s Imihei oese PhGMI efsastalsi tha chemicahagation pﬁmn%ﬁg coggidered to

t I&Qﬂw%]ofm@ m@r T \é@r&?ﬁlﬁfhﬁhlsw %Schﬁfn :%a?é/lﬁrtﬁe thafiort@Act with
ollshe he first layer is inter

mﬁ @B@Maverctg OPDLI'[D)OUSIS’U@W mmym ladehorothew@rfaﬁmofsﬂwun@w This

g@hér‘éh;{jr‘aequﬂ’seth%%?aft‘ig AU bxiliRer mﬁéé\%ﬁhm&h%‘é dﬂfgen peroxide,

tungs um num etc are uséd ft

fertepiete, etk metthe/ @esbam@aégbraswewmomp[atb@lfa]conwuously and

sﬁﬂﬁtaﬁ@?ﬁs frfengvgs fis Elé‘|a§er t@ﬁjdﬁlﬁ.@ b‘é@nc@@ﬁ tHé8e ltv?io > processes
enera conS|dere t ake  one forns. t he
fainscoptigtmarasylty Inttw@w‘éﬁm@ml §atﬁrﬂ"ﬂ wehwlﬁurfaeﬁ ﬂ@%l'éx

with the netal er to continuously forman oxi
(G0 lrbwetsqzéoadjme i, no-rotestive oxidehiayer ig fqreved) |'rgﬁtead the

cbﬁahuérﬁssmtth@sad%ﬁ HMiRdlly 3Radkarl diSSoelthk MfatSIOWHId the
en eroxide, 5 ferric nitrate, etc. The

SucC
q@awe@w&?i@ isilargply £oE\0E m@hara'ﬁa"aﬁenhmc'wh@.dﬁseyﬂon rate by such
pF&@EéééUé%Uc%nY n@L&1y édpﬂbihé e Hﬁﬂféberé?@%ehhbéi aﬁéél@' ®aising the

Ju ICIOUS bal ance of hese two process

lqsv@{t@mp@rasweu (Whieh incseases thmdlﬁiqlwpndﬁteb évmeafrlcvcm 'ée“é{ﬂ%ﬂ the

pﬁﬁicle%%ﬁ 19/ leBff Gndl EAhdrichg the Qiﬁ’ﬁl‘loh Bf Fe'é@ta‘ﬁ roducts to and
mechani sm no protective oxid er is

apay tff@Hb‘hetsHﬁaCQ:WWft&ﬁﬁt‘y TPHUQ"PQE h@dh'&'ﬁﬂe@ﬁ 0& H@lﬁ%ﬂw layer.
attack and dissaolve the netal, while the 10 mschanl(i
[0A451 o NVhile Rrigr gt IGMR RysteIPs AtecsARADIeAl rsmeYing:A cPpRerayeriayer from a

sit& QibMbe Slbstrie tl%’sy?s‘t&ﬁs A hOCRBSHIhe Agdrons Heransd M the
nore surface area to chem cal attack, rais

SERPOn R e Yo BESR ECUTRMENs G BB SBEaTRgd s folows. Fist, there
ih Ree 1ok high rembeal rités bh&);fpbl‘ o) dhBry IRbUGIKIUt HBMands. Secondly,

particles and the netal and enhanci ng?t he di ffusion of

thesa sushbe Sxil erartem&f@@w' Qreity agress the shbstrate- Skipplly the CMP

mathdd Pﬁhﬁgnﬁm:@Mefb 'Ié%lstd?'ﬁpdlibhé‘d(m&a@fs thdt@re imparted during
boundary | ayer. Wi | e grlor art CMP systens

palishi rtga%wba%lpc?'&lﬁmg@ regipp effedts & salisty ever igfeasing
litob Al déntaridde substrate, the systens do not satisfy
the rigorous demands of the sem conductor industry.

[0dw@fe U S%téﬁ@gﬂ@25@dis@@seﬁttﬁérﬁﬁ poﬁéﬁcélﬁf disihd ébﬂ%ldal silica-based
First, there is a need hi removal rates of

sliigsdiaving TewaveR, ot SRIBGAPIRSTISHIEAIRS 26 GoEMaRyn hesg shugries i

ofar to RRAIISX SR de@éﬂtwﬁ@l@@éﬁ; aemg QMF’f &bﬂéds}hgaﬁfoﬂf& p?dtféssmg There
substrate. Finall CwWP 2 t hod nmust min

AR Vel PSRSLLs 0 tbe 525@rpa&nt. In e &5t the 252 PR pides a method

forsaphaiaBay hd FeMSovirPédiste palymeriv\ilidaté@sinl Pscrbidai Siftdansblishing

and erositon effects to satisfy ever i rFreasl 'g
slurry prior to a CMP process; this method irivolves centrifugation of a polishing slurry to

afford a product slurry in which the product slurry has a lower leve! 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

0@05xUBses the i nportance of using colloida

silica-based slurries having |ow | evels of soluble
polynmeric silicates as abrasives in these slurries in

25 order to realize |ow defectivity levels during CWP
processi or other processing. There are severa

da@s@dwe\{e?ﬁ during GMP prreessing of ptheherogessing thap gaes thgpolishing

ﬁpeﬂtthlﬂ pblES 17 "55? Batdnt ér%llsstf‘s‘éq{f %%rﬁ&xc.@@ﬂrr?%?ébér&gaccordmg

ynmeric silicates In | oi dal i ca

t%@p.%wpmgntmq@rmythw inc# cmqsmaalmchpn@eldwshm sirnpdnsiea of

pbRHoVGsnF Q0ER thiatiGed 6fQRe Bfodﬁcm&rl‘ysiﬁdr‘@s a idﬁe’r}‘luhﬁer of post polish
afford a product. slurry 1n whic product sl ur

dﬁ@gtséharbms ysaafthepolishing k§i'~t§"yp6" hyn%‘ia Iaatgmi ’?ﬁqué'alPl% that are all
fc(c%gé’d bl‘?\ﬁﬁﬁe Wlﬁ%érﬁ'atré/ nb %Xﬁhble& Bﬁ'?néiéﬁ@\/llb hRcingh %B'e&gmples on

sl ur[q%/\lﬂ anot’her aspect, the '252 patent provides a
CRRRS P§1 RATHSMIYY epar ed accord| ng to the
af orenentioned nethod froma polishing slurr

[9M13d, Aot i Brejonifieantnaesh{ar carppE e MBr Pregissiass wib |°9!‘F§‘i’¢'f' gilica

shiridsQRhtastofdRW dipEsivityRvalS bh TBpp s%HHéésVdurmg polishing with these
Conseguently, this product slurry affords |ower -

stymrisss UBN%SF@BYEF\'}‘P'P WQVQ?EI%WMPM@WQ@F%E%?‘M or

ot her processing than does the polishing slurry. A
third aspect of the 252 patent entails use of a

B or enent  oned HRBBSIMUARY Sk TS Mgl
(@t T8 sibbfiineph A, BrenPnis b Smporiich & Ehtrdiealitifshanica
pRihapgsion I@Ohlsﬁha&a !@vﬁr@cétﬁedshaﬁle f&aﬂ.ﬁ'e mean‘ cdrhprlsmg copper, said

cBPeogiin chripriiia FolpioBiea tedle: SiEstar Al ten Bl palmerc

siitate®t al CMP, incl uding no exarrpl es on copper CWP in
particular. [0017] There is a significant need for
[unzlpperln ehvbthpr embsedifment) thi ihvertioh isoa Ahethorlifor criemical wigcheasical

olaiarizaion A shitdks o 2t kastond labite reaT Eirhiaiid G, said

methRIdonprisigdké g@ps af:sol ution to this significant
need. BRI EF SUVMARY OF THE | NVENTI ON [ 0018] In an

enbod) ding & bebétmmwmhesuﬁacmm the @b lelast one feature thereon

hem cal . hani cal f f h
at | Eagprg Coner i o e RHIRD o copper, sai

15 c@rmelwiehh@a pwcmnig Scbm@osittmhl mrdpﬁsuag tolloial dilida that is

subst nt| ner | silicates.
[001§ %{rﬁ %‘ﬁ% %Wr'cg'ﬂ%ﬁ?%ﬁgﬁti onis a

met hgy pbmhlr@mmsobétrawwhlath&ﬁdllshlpg aompogitisi.on of a
surface having at |east one feature thereon conprising

[a020pern ysteardbthereiribodingamtthée mivagtidntie ashethsd fur 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
07bs5 WISA 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 C) polishing the substrate with the poli shing
conposi ti dan@zidjzigpagent.n yet anot her enbodi ment, the
invengjpn is a method for chenical nechanical

pl anari zation of a surface having at |east one feature
t her edh potishing thersybslsatp aith thepelishingcrawositionr i si ng t he
steps of: A) placing a substrate having the surface
having the at |east one feature thereon conprising

copper in Conbﬁfmuﬂd BEaCRTIBN OF TREINVENTRON

delivering a polishing conposition conprising: a)

[6@1' Oi 154 .n%hﬂommt&ws doﬁ*np%Hﬁléﬁ@éBmﬁH% éthiaargmcmhétbdrs

pol ynmeric silicates; an oxi di zi ng
sHbetantially fieg ofpolyble .pg}ymegcm@atgﬁrb%@'a@qnmwtwnﬁ have been

SBRIrisi y%dmﬁédtédl)?fbung 5N Infelen W BBt CMP &dfedthivels on

I NVENTI'ON [ 0021 his invention involves conpositions
COBPRIrSUSASRP le&pmpamn tsi(preyigusly sisclosed) defasd feyRisiofy gxjde surfaces.

FfoE s RfasSPbschailp, Qhé!é‘@édrﬁpo%'itio% AkBVery SEGRALIEOIIP G§é hé S0fies for
have been surprisingly and unexpect ed@:foun

cappesradraiier metakahepisl merhenieal pelishing /&) -ﬁh'sé@ﬁgﬁﬁ‘?“ also

ifVoiVe8 @88odidted ﬁ@ﬂﬁfds?&%é@l {eﬂj edﬁpﬁb' lomel brdek8siRglising these
defect | evels on oxide surface For this reason

cegypasitigns. yin anmdmmo@eﬁ?rawulast@nt@ély {re@ et sqlahle polypreric

sHieSte@5mhny thhbthe idVel oi(‘élﬂﬂﬂﬁ pﬁﬂﬂeﬁl’! §ifdatésih dhe hRMaF Slica is less
mechani cal polishing th is invention also

than, @ areial tabout b uel pﬁ'@eat froanathar smigogdingent, this g eans that

tl@M:évard? %Slﬁﬁle%lyﬁ%rﬁ%llkﬁﬁ% th%%ﬂ&ﬁbltsr 1R8%s Ieb@th%ﬂ or equal to about
nbodi nent, the term"substantially free of sol

ubl e
0z yeight ReréantiIn anplber embagImenh 1 la MEANS iaine JavaLRTsoluble

p@%ﬁé‘i"@rsillﬁat%b ||r\ ﬁ@tc%ﬁoldél s?hBE isC18sd fPlbﬁ%ﬂ' e&uél & abdut 0l ‘leﬁélgﬂuﬁpercent.
than or equal to about I'n anot hér

0.5
1) ﬁﬁ@iﬂﬁrn%w@odlmﬁmstm%ﬁew REARNS t'ﬂaﬁ%«e lewl@f F%'VB'P Pefymssic sicates in

tROEMISRIal Silicd b'lé‘s%ttlﬁ’é'n bredudPto&doLiod. d@lwefyhk b@r@ehts Ih @Asther
than or equal to about 0.25 wei g per cent .

emhodimesnt disdemaieans that theylevehp e balmers §"w%m the colloidal

sfieh m&gs thBA oY BBiidI %o §béut @%1%@1 dfeﬁ,%n? Ofr awo@lﬁr efiboliimtent, this
is less than or equal to abou 1 wej percent .
term means that the level of soluble polymeric silicates in he OO||OIda| 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 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 95% reduction in defect levels incurred during copper CMP in relation to those

-7-
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In anot her enbodi nent, this termneans that the | evel
0vb5%06Abl e pol yneric silicates in 20 the coll oi dal

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
obisingtusingrnosmal collpidalsilicadhatdas oot besn treated for rerapyal of any soluble

ﬁf&ﬁc%ﬂ é hf% A Yr’?dr emboﬁmémlt e e&'nyagwdn% ﬁah'aissa%aéa infethods
e (0] |ca IS ess 't han
ootmomvevélpg mlll @féqfdehieastzas%%me@]ctwmInaaﬁf%cmtﬁyelsn@wrredtm@ng

m%}? rP%%neH% %§98b©g1(‘§/0 s dg%ﬂ'ﬁaMOll&gblssnch‘{ﬁéﬁHaQrhot been

at least a ction 1 n defect |evels
treatedifergemonaliaf gny. eplgle polymerria silicateat inbanatiertemhngiment, the

cgrl?lgaélm At 033]Qt'iaHI?‘llletf'?@c?sI &t #tqéltnvéhtliqncﬁilltaﬁ&td d13sasl98%

n treate renova any so e polyneric
reductiominedefet ievalsdneusiedeivog corner CMM i r@l&&p@@ those gbtained using
i I

"8 ZORAE Bl PE RS fct e 1R BRI PR dny Solbleyenc
stieatedg copper CMP in relation to those obtai ned using
normal colloidal silica that has not been treated for
[0023b v The spllcidn) sdier abrasiveis presentdn telsiwatia & congertrasion &f about 1
wR P64 {e4bout ﬁé‘@e@ﬁrmﬁ'tﬁé 08 wa téﬁﬁ@%l efﬂnd?&‘phé?&%b@f the

IS 1nvention W east % reduction

abfaswéﬂ%ewse@t\}@ psonerniiatien) otrRouhf V@dﬂﬂﬁe‘r tocahnut #0 welght % of the
t6t§|| v@élbrﬁ%f il’% §Il!|}ﬂv5 eMogt pQJfQ:%%IW% AHPASH R PbréSEnhh aﬂéﬁrfééhtratlon of

has not been treated for renoval
a@@utaﬁwelgm "éﬂ‘P @bmﬂdpmhtcﬁ: §f the detabueightof hesiuey.
enbodi ment, the canpositions and associ ated net hods
[Qf24 h.lrsemhv@men@rpfmlﬁ invemtiashaving aneyddizing agent, g qxidizng agent

chR b 8hE %ltdbﬁé’@il&mh& %Fjéﬁte Gufthble %Qtdizﬁ%q%rntsqwaudé‘ for example, one

relation to those ai ned usi ng nor na I | oi dal
06 o7, BT GRAPOAGS. HYHCTLRRIRPTISe ot Le3E RN RATOREGTAVR (-ChP- Jargpitable

pépbémb&lrﬂghdﬂfiﬁ:fe' for ekamBR! Ssroxitiés %@F&u‘?ﬁlres ‘i‘@‘?oﬂ"ldmﬁérsulfates and
osi tions and associ at ed net hods

IRRRATENPBI PRIGETLORRISS anchacihetsoh BBAts stedt: i wixtures thereot.

dﬁér%ﬁatﬁl@%ﬁb&ld ré(‘?éhfsﬂﬁclﬁ'd’é 'f%xﬁﬁ@lﬁebmﬁyﬁ’d hBIlde%'(é"g' Qihlorates
to those obtal ned usin nor mal ilica that

brpataytodales; percbloratgs fwbrpmaper&dama%ﬁ%? thereof, and

nﬂﬁhbé‘gqﬁér@of ahd tHeakes perddrit Q@@%erﬁ&%té‘so béiebfdhates! peidxyacids
abrasive IS present in the slurry in a concentration

(28 RBFGEticacideRIanZoic@5idaBLRhIOroBEREN sIE 204.cRalts Hiereqlt mixtures
tW@é&fhéncPtfhethR@) §él‘r'ﬁafn¥]an£@§ Q:hpérﬁéteé %hbim c.‘ohﬁ:ouﬁ@é %l&ﬁanldes

present 1 n a concentrat i on of about

(%ao GPtaESUWéP@ﬁVa%Q)f mixtiares thereqf, ans tbﬁ!’kfbf Pqefﬁér%i cmc#gmg agents
ifditle, Rk 8kahpik! B/ydr&d'éﬁ 63?6)@& Yl?ed ﬁyd?é roxXiffe, %odlum peroxnde

concentratlon about o0 about g
DefB Petde R b peioKidss perRGERieid woneeerpelﬁazmacndn dipersulfuric

aélﬂbi‘éﬂic%ﬂi an@Ealtdthereol \RAMiROrd3aNéragr. an oxi di zi ng
agent, the oxidizing agent

[0025] In this invention, (hydrogen peroxide) HO; is used as a preferred oxidizing
agent. When used, preferably the concentration of the H,0O; 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
08685lUBANg 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., nmonopersulfates
and di persul f at es) per car bonat es, and aci ds thereof,

[0026] s Qther chaicalsrthatmay ke seded:te the GMRysIurmp gorpesition include, for
eSath @béﬁfa%?%nfg éH"%ét?éﬁﬁ&tagﬁth‘%dl&eco ﬁ lorFMABROR, ﬂuonne -containing

OXI |zed orates omat es, I od at es,
CREPRYNdSy m&é%tmgpa@remsmﬁp@@ CoriaINinE SEBPOURGE) aRd Salts.

t hereof, and m xtures thereof, and the |ike)

[9927h o Suittable serfagiantisamapwads thatreay beAddedio the F'Hs{y&emaesmon

irfcfid@; for Bﬁ‘érﬁﬁl@t Ay @Qh@'nurﬁ&b% ﬁéﬁlbﬁic 3érhc5’n|c cationic or amphoteric
m chl or operbenzoi ¢ acid, salts_thereof, m xtures

sunfegtands knewntarthese shilled in B@r%nﬂzﬁﬂr@@an&mrﬁm% may be present
irC@Els Hﬂ?y%ﬂﬁﬁﬁmgﬁ in & B5AdeRY AR BbdGt dﬁeﬁht %R@taﬁéﬁtl 1height % and
I cyani

ferr m xt ur es t her eof

ape refaratly p&speﬁ i ﬁr@na«yawgn of amuUe&m fﬂ@ag*ﬁ%alé?pal@ut 0.1 weight %

ohﬂﬁ@rt@lGﬁWe@ﬁtr&%éjﬁur il $Re Bbéf’e"rﬁéiﬁ?pé!ﬁcﬁf%ﬁﬂﬁantg%% Hémionic, anionic,
per oxi de, ~ benzyl peroxid eroxid

op EVHEs ereriiand B R9SLRTSPrRlY Presalia @ ANERINERiPR GF akout 10 ppm

t@ledht mWFﬁmaﬁ ke toRN oAl 6hé BRIFG oNon@n@ sisbtan®are most
her eof 00 %F]s n this invention, gen per oxi_d

prefered. o peder nipepfc 5,310 045, e 2 heH mixture by
f tyat f
WEFH of £ SIRAnEuNS dLALE T A enrbulerlg Byco fEeishy. (AR
Wﬁdt@tﬂar@fchmcglswlewows%?oss USA [ 0026] Ot her
chem cals that may be added to the CMP s|urr

[0925b0Jhe Pbkadiveting @eentia Hsedtedmprays tae,piakillfthe polishing
ch‘ﬁbéghéf? td mpré\%eﬂﬁb%afe%?i'nqﬁndw érﬂﬁhs%noi tBrihéBtttlﬁ’é Fequurements of

| uori ne- contalnlng oun s, chel atln a

Vﬁfqusdg@lﬁafdﬂiﬁt Auwlablg pbbaﬁj@wna@se%sﬁao losyer me P e@fne ‘polishing
c%bbﬁ’ﬁ’érﬁoﬁHé bREEANAvErRBR MR, bltde ﬁ@Mln*ﬂﬁedetQ Q%réc?uldnﬁ%md

lurry conposition 5 include, for exanple, ft
nﬁmm@lewlfwmwa%uc&ﬂor@aﬁeaﬁa@d laERIGARY SHECRIFRSIS eatrr%amd malic

asid! ﬁw@fbhﬁ:rﬁc?d K BRMR fhﬁy 5&!@§ ‘i‘vaﬁ&ié ﬁcﬁﬁakﬁbx&i‘bea&ﬁé andTll?\ﬁ(tures thereof.

sur act ant conpoun &resen in the sl urry
Suiielle Hradisting aaeratém@ﬁertae ipblrof dhe palishing gomppgikien % thg present

iVBREN ihcilied, Hik ar@rﬂﬂqmlté& fo 8B%E§E%Myﬁrd%(ﬁ§ 88diufnh ioxlde

concentration of about y(]zj ht % to about 0.
amsnqitia. telraragthylammonium h)m)’gm efnylenediagming, prer%'ée

pﬁgﬁlfh?éhélﬂmﬁé/ Pﬁ&dtf&ﬁi polfetifidrdithifed hd MRS theredf)i ONI C,

of mxtures thereof and are nost preferably present

[()(1'1!9?i ah8 ‘b%fgrﬁrf& éd?ﬁbd%gnoﬁ*b@me prEsdhp mveﬁﬁbrﬁQ %HE parfi€lilafiPifhited with

he total wel lurry. Nonio

respeciiedhspld agd é‘fQﬁS’!M canjapgefre@about ph §ft‘é ab@& Akbhg- ofgranetal
cp Eé‘;ﬂfcﬁmns' §or§'b'65f:ﬂ€fh§|h@|w19 BR4iE or WhutFAN pHSvafe2 Giré Benerally

t
PrBarTed accling sty mvestion cheeatdingl fosimast netalig G sepper) CMP
aﬁk%‘éﬁbns{ %QJuK&glé Surry PH is aBb @S icSardindl 16 1R8lefadiyBfrom about 8 to

| ent own
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

orbss gBAbi l ity 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
hpdrochlpnid acid, nittic abiddphasiphoric acid suliuric aqid, thiygroflyetit; acid, malic acid,

I
e oRBe 5L BHEUEE indfld fdatsotans procao
carbiodylic\agid, gallic aeid: taneiciadid, andimixtures fsrgalabess/a¢id compounds
rr?a&' b‘ésprgg%nt Eﬂagﬁgaé'i‘{?ﬁeéupﬁogﬁgn in aSHbrfc%hh'Stlobeaa@thsé WwBignt %f to about

ent's _ e polishing conpositi
1thgfpir"/é9éﬂme totlahweghﬁaime slgiryide, but are not | mted
pot assi um hydr oxi de, sodi um hydroxi de, ammoni a,

[wm arfetingrezsentbaremovay mtespithe skyriyferdaetalushangtantalum
cehp%ﬁ%' zf%g\%ee“ %oé%b?tepb@l N?n 'td):’tslul'kf'bg d?&ﬁdéé; Zlggnne.-contalnlng compounds
maydoqoa;i ed o the aiumpmmsdwnofSuﬂﬂaie ﬁu@mmmmeapp@ﬁov@ds

eg htdr€ Hh@ihited th ? e ffuBndé R%Flc had! Qﬁalprﬁe@i‘ﬁ'uonde salt,

y can range r'om about t o about .
aH@t"aﬂ eartuvmeabﬁwqr@stsalsmm@wnwmond%ﬁetrwaewammlam 8H°r'de

aﬂ'ﬁ'ﬁ’érL\?rJn bRfdoMad, & gﬁllé{eﬁlaﬂﬁﬁ@ﬂ%|d¥|uoﬁﬁ§%¢étﬁyﬁ%eﬁﬁé‘rﬁﬁ1@hﬂﬁ1 triflucride,

I S |nvent| Accordi n for nDSt et al
208 prdesdivirect gitte flugrine feNARING FOMASUBIS MaY bg ppR$ENEin the slurry

c@@gk‘l&ltugh M aI &r@gﬁ’ﬁ'&tloﬁ%f aB«BLﬁfoe\&él&ﬂ\ﬁ% ftd 9P BAIgHt % Oan'ipare

nore preferably, from about 10 ab

pﬁeraptms@?ensm a gecentietion of ehpedlh il weight %ntay!belél ?awa'sbt % of the
tt%th \ké]ghdtﬂf He %1ur‘?§3 RS priet cf!?l%d'ﬂ'ﬂlﬁhh@@tyntalﬁiﬁb oaﬁﬁoﬂﬁdi is ammonium

ormc acld, acetic acid prop an0|% Id
fiyoriden s105t preferably erasenbin@ coaéeraratlnéfaaﬁfe% Caeqight % to about 1

mfé% nonanoi ¢ acid, lactic
%Bfmg%hmigﬁtoﬁgﬁrochl or| c acid, nitric acid,
m p@ﬁ'itbﬁle %ﬁblgtmgséﬁédt% that ﬁ‘iﬁy Qe aauéed of the @.Mrﬁr o%ﬁﬁldésmon include,

I[Tc acid tartaric acid luconic_acid, citric

bﬂtﬁfﬁ nob fimited 1o eﬁwleaedlgw@&%ttaée%%d EDTA). Byr ogal | ol
h?&rfomuylflétﬁ%@ﬁé&amﬁékrldcetma&dn&i(NHEDT'AP nﬁﬁlbtﬁuacétlt%md (NTA),

m xtures thereof hese aci d ds be present

disthylenetrdariipegendasnetie acidi(BRTAK eyras@mm..taﬂn%fanamwes
thbrd&r ot c%éfaﬂn@ggéﬂts n‘%ﬁﬂe Wbt m%@%lu“r@%ohfbb&hoﬂ\@! aht

of the slurr L 0 i ncrease fenoval rates of

copeenliation of @QﬂUt Weight imtoabgut %w@@g% apé AfsoRrAtRsakly present in a
?ﬁééntr@ﬁor? eIt O @bfﬂé@fﬁ %8 éﬁdut 620 \Aﬂéld}% ioglgf the total weight of the

uori ne-cont al ni ng conpounds é dded to the
siriyy Rrefetyap 65¢latingagents argineng ang Dﬁéﬁ@é Ll mvﬁhgeferably present

i QBRI Eation HCattEn.08 Weight % fbcgbo'ut o2b YbidHe 2% SptHe Qﬂﬁlrbvelght of

fluoride, perfluoric acid, alkali netal tluoride salt,
theslyinkal i ne earth metal fluoride salt, ammnl um

fluoride, tetranethylamoniumfluori de
[8933] y Stuitale NEragen<RBEINNGEAMRAKNGS that gravde, “2dded to the slurry

Birpbbivibre MRiut 25UTRM HeRiiited to! GinrAhium 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

-10 -
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and m xtures thereof. The fluorine-containing

0zosHpU8Ads nay 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 slurr The preferred .
opnasvirain. Aok 0 hyeisih ol RBONEO. AR eiant t Ofthetstalaksiht of the

sm}?t Tﬁé /E‘étféﬁ%ﬁltre{;&ﬁ%ﬁtalhﬂ? %ﬁﬁeﬁﬁd‘krﬁm&ﬂuﬁfhyﬁmiﬂe &hd is most

% of the total
ptqﬁ@rablwmr¢§ent [ncmgz]cesimttoamf abewt . Qi wwghbéémamﬂtﬁhi Wﬁwt % of the

18 gl ds i iRy sl urry conposition include, but are
not ITmted to,” ethyl enedi am netetracetic acid (EDTA),

[“3&@ @Mﬁétﬂé%ﬂsﬁ%b%ﬁy bé& BAGEAE) tﬁ@%lﬁl’r%‘é@hbﬁsﬁ@d fclude, but are not

, hitrilotriacetic acid
In@pt@@ ;ngmmqrgpprﬁ@@m RRiagsiym ggrsglfatgmq&gssmm sulfite, potassium

c8ibBASE! ShlokihRirSte, bétbﬁnﬂﬁ’hyaﬂb@eﬁ?ﬁhﬁf&é hy&hﬁﬂﬁﬁﬁne sulfate,
The chel ati ng _&'ents may resen he sl urr

apg mveuiesitharesh eS@BﬁH@mbﬁm%ﬁﬁ“ thrthe sty COMRERIGPR iNd t o

coentratfor!\6r bRt (%ve@ﬂfj%atb%b@{llef Cﬂﬁ/ﬁ ht)/% Pérﬁﬁﬁ@tpréféra'bl present in a
concentratjon of

coraegiation efraboui0 wswat ‘Me.agﬁvt %we'shte%zé the feFaH ylelght of the slurry. A
pFt&t&d $480s ah%@ﬁurﬂ alt@mﬁcﬁ.s %ﬁ&t bféfé‘rbBl? pre¥énEiR & catit@ntration of

are nost re er ab g/%é) a concentration of
we

ahod A Welgbh e RPNt 'a'b‘o(s f U'eztetab\)éfﬁ'ght ofghie FlufTie

104385 o Shho B eBRmIEH T o s 260 tha sy Sompastions are iplogical

agbms sdch QQMéﬁdidéBnblbﬁﬂééldm fdﬁgfmd%é %sﬁémauyl ifthé @61 i @round about
amoni um hydr oxi dﬁ’

618 S0 SHabIB Piasidss, | am rpaha'rearmt H@'tefé Fq ét%w%mmsgm'??@'m -3-one; 2(
h?dr@kﬁﬁétﬁ?l%ﬁnﬁ@@h@ﬁbﬁ%ﬁ! %iw@mwﬁﬁsfadrﬁetﬁﬂhwaﬂr@n 1-

et hyl enei m ne ol ye enei m
iR RV Sy RBtoN: o e Ao BHYEPrEamBlsn s

gliftataldehyice § 20dibiomd-28-did Hhébﬂtm%idrwﬂnétﬁyl-ﬁlsothlazollne-3-one
concentration_ of about %.to about 1 weight %

Zaﬂﬁthﬂr‘é'sﬁﬂ‘azel"héwep?’&'@l’f{“fﬁg‘htém f10 07055 USA

concentration of about 0.01 weight %to about 0.20
wei ght % of the total weight of the slurry. The

ABs&fisted Rmbthgd r ogen- cont ai ni ng conpound i s anmoni um
hydroxi de and is nost preferably present in a

[ms; eThe abisviated mabide oP tHislinventihtentdiltuse @ tHet afbreinentioned

HpPelianles sieclosen sHp ALY GastilsahedeicabPIenizafon Of subbirates
camﬁﬂséu dfintatals R@H Wiktectit inateFiglsN M thel rhéthdds] atsubstrara®egl awafer)
R B oul B ST SR G B RS SA ibBre plten of
dn):lﬂib@@ﬁér piRthig neinBer, ekubsithaterto be p&h&l’featafhd platmized is placed in
dg%cﬁrcsbtggbt @S?;{ogg.p-ll_r?q?paj? l\waFnli' camer gys?gr%rgr polnshmgehead 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 (usually 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

-11-



10

15

20

25

concentration of about O weight %to about 10 wei ght
0%655w8Aare 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
concentration of about O weight %to about 0.15 _
thet comprise materipls haging|dislegtdheonstantsless thand3 (lpwh3aaterials).
Sﬁhédlé GQ{ R ffmsSiH %ﬂb%?alt?soﬁplﬁﬁ G a%ﬁncﬁqgﬂgﬁid) ot dHhiSHIrhdrs,

I ons ar
cmgn@oped cedes, kﬁlugmaﬂ@dssmm glquﬁﬁd.eaoregplé@pmuSWXIde-llke

| nc h deha hgﬁw&gaﬁg?ﬁqrg%ﬁ?rengt%r%!s ‘Reprédetitive vk intitSnials and

depasitipermetsodsion theise materiaieare uMmaized Pelovhy | ) ani no

et hanol ; 1, 3-di hydr oxynet hyl -5, 5di net hyl hydant 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- dishdpmo- 2, 4- di cyanplbiame; Deposition Material
5-chl or o- 2- net hyl - 4-i sot hi azol i ne- 3-

2- et hyl - 4-i sot hi azol i n- 3-one; and n1g?%9%s t her eof .

A{?T (I?’rcé%étg %naa {Dﬁe%tca t hod k@@&% The asso Céea‘grréﬁ'? i g‘?—&gr‘?&j&gﬁic-inorganic

FRAVENTion entail "Use of the afor
Aﬁﬂﬂg%'tetnb@n (as discl ggedpamird) for elwsem calcarbon- do?ed oxide
nechani cal planarization of substrates conprised
Dawichemicand di el ectri c SRt epdradsBIiLK™ t Sigin-ot h@iiganicpolymer
substrate (e.g., a wafer) 25 |s pl aced face-down on a
I-pméyw\@lhElegrqmwddaAbﬂalsh i HANDGEABS® Bt t achSwin-bm alrmma@tcaablde -like
aten of a CMP polisher. 4N t hi s manner,
l\gu@lb,tsr%ust,enna) be pol i sEQRASD pl anar i ZBECVD pICeT=’<E'e'!Q1'1 feped oxide
dlrect contact with the polishing pad. A wafer carrier
LemPtas nww@cmﬁé@aahvgp@rscwos jonhol d t he
S chemisal vappr derosiied to apply a downward pressure
nst the backside of the substrate durin
[qnga@& e&ertegt sappeeCMiteghnolagy uses atMe—siempe%&sgo afkieve local and
gfo‘%rﬁl&rgan(zy% .i%Qhé)B}ddﬁEﬁd?quf%?'&H%' b'uﬂﬁgééd F ONIP irSstep 1, the
usua cont 1 nuous duri ng
Opfe u@i@gmgwds éernn@@d dupieg 1@ fﬁwgathsafpr%&sgmamf@bremowng the
o%rgn%rehzc% b&i5n §t$§51 i o ?Iﬁ&ﬁgﬂr}ac&r@ﬁll ﬁéyﬁaﬂécﬁi@mmn 3 global
assoc ated s I's Invention are effective
plaparitgiaede differanges indhe stap hefighis between bigh densityapdhigw density
RS B8 paReHArEE, R, Bt 1RPbleI\ion odphed s Fktian
tandglgmiin saperSelectiviyls d@alr@duttaagl)leve Igealtengigohabplapanization. A
I t
ché‘l'e‘ﬁH@?%ﬁﬁcarE@ é(jlqﬁggki%ﬁt? Hﬁ'eﬂ'&\/ulo\lglfﬁﬁ zﬁi:g g‘/ﬁﬁg rﬁ’%rg%ﬂta%m to
cgl)@@f@etepmy anﬂmtg@mnc,ofﬁm |@Wslyit3& ceRper regionsyifitiee |ow lying copper
I r
R SeLp R un PG B TN ORITY kildun as
"dighing" & gumy yhgbmﬁamczga;eﬂge taptalum 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
0P088lUSAs and Chem cal s 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 LKTM Spi n-on Organi ¢ pol yner Honeywel|l Electronic
Mat eri al s NANOGLASS(r) E Sgi n-on | norgani c oxide-Ilike
Novel | us Systenms CORAL(Tr) F%r bon- doped oxi de
PECVD = Pl asma enhanced chem cal vapor deposition 15
GOMPONEN® cal vapor deposition [0038] Current copper
CVP technol ogy useg a two-step process to achieve
Galeidel Siifg . gi oISHROE| Qi (DHEONUNT PrPAURiS NAnghizRalnL &1C. Tempe,
I C chips. Duri Wg%m@& siiMp in step 1, the overburden
copper is renoved during I C fabrication processing.

QVibiRE! SiIRBPVI N UdtentriflgRd Petdsiintaapfied dlical BP246 (DuFbnt Air
pol i shed surface still has not achieved | ocal an

d
gl obal 20 pl andirPducteiianeMatarials &lehcEampe, Ad) olgidal silica having

hei ght s bet weergpbtshm@@nridsy and | ow density features
on pattern wafers. After renoving the overburden

G‘dﬂlﬁiBQ{s_ilio_%t step %entrﬁué%cgébtaésﬁﬁﬁ Giaﬁfi}zéd)silﬁéﬁf?mé)lo, Du|Pont Air
selectivity is desire 0 .achi ey ocal an . ,
pl anari zati on. FAedygtNprelatatale éikcilﬁemla?n%)%?&“?f" fllig having
t ant al um r enov@o-mhharielisevi ng hi gh tantalumto

copper selectivity and protection of the |low |ying

ZoAPBEFSN egi ons Flldrinbfed dugfactaii (BY. DOPHStIdedberh@@s ONViimitigon, DE)
not protected during polishing, this results in a

def ect commonl ZowpIFEN@ S a név-ihicWirfactnt land Gymiktire bf telomeric
can increase t hgoricafiierwithpboRethglene iglyesl; el stiictye flds folows:
polishing in step 2 can reduce "di shing" by providing

w de over pol i SIROHITCINO(GHLCHIOKMI p  fabrication

processing. [ 0G8Rdre e MICFOF2),] nvention is further
denonstrat ed by bt sb@ipbes bel ow. -12 07055 USA
GLOSSARY COVP@MNENDSboat$ oi dal silica Syton(r) OX-K

(DuPont Air Products NanoMaterials L.L.C. , Tenpe, AZ)

RETHQS dal si | i Casnfa éithdneedl dépaition®h tdtkaethuixy isflargs dielectric oxide
pot assi um st abilayered silica, DP246 (DuPont Air

AolifiIg PRy NANOMIELLE 2t boifend AERTC1600 werR usda Witing cuP,
g supplie?by gd%?, Inc, Pﬁgenix, AZ
TEOS Tetraethyl orthosilicate
PARAMETERS
General
A: angstrom(s) - a unit of length
BP: back pressure, in psi uhits
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

030453 o8A 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 m xture of teloneric
monygemilivolt{s) t h pol yet hyl ene gl ycol; the structure is
as follows: 15 Rf CH2CH2Q( CH2CH20) xH: Where Rf = F

( GrskCPYNYs per square ncbout 25 y= 1 to about 9 20 PETECS
Pl asma enhanced deposition of tetraethoxy silane,

di R$:cnlaten cotatiorsé spaegyaf polishing teopl ingrmeaievemtion(s) Rgr iwte)
Pol i tex(r%, and |1 C1000 were used during CWP, supplied
bySRehaty, flawanlinhoeni x, AZ. TECS Tetr aet hyl
orthosilicate 25 PARAMETERS CGeneral A: angstrom(s) -
a unit of length BP:. back pressure, in psi units CWP:
chem cal nechani cal planarization = chem cal
RemavahRates apd Selestiviips 30 CS: carrier speed DF: Down
force: pressure applied during CMP, units psi mn:
CumiRR2ass) m :  MMeasiredicoppenrempyalgatesa 2 pshdewn pressure of the CMP
mllivolt(s) pshe PoOunds per square inch PS: platen
rotational speed of polishing tool, in rpm

Tarr 2lpdf | on('s) NRRfsufEditshtaium rRioval rdtd at f p? Wowh IprdBsredof the
Renpval Rates %nl\/?P %%ll ectivities

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

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

[0040] Ali 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
opossY8Ae 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

fourosint pepbefshealaresichapce nsl. Twentylixgprandsforigaing-peint palr.sagpns were
. s unl ess
téﬂehmtg@ ?@gﬁ{é s‘éﬁ%%ﬂ%t hodol ogy [0041] In the

exanpl es presented bel ow, CVP experinents were run
g ot he  procedures and experinental conditions
gl ven below. 25 Metrol ogy [0042] PETECS thi ckness was

| 2 ?U‘Tﬁg oM “bo‘?fha@%g ﬁséd‘is%lﬁﬁl%’ l'ﬁSﬁ‘@fHéthF&! by Applied Materials,

rument, Nanonetrics, node 0, manufiactured by

3060, Bawerss Avenue, Sm@!a@&q{@y@a smqs,g, AaRodetRolitex® embossed
pgﬁos%%pﬁ ity RIAE, 1B 3804 EdsIW AGRLSIEASPHAANAZN 8803 WAk used

i'ckness ‘measuring | nstrument, ResMap CDE, nodel 168,

oRasIblatinio e blenﬁétaﬁéfew@ozaﬁm@emm ERgdswere brgken-inty pollshlng
20565 Alves Dr, Cupertino, CA 95014. The ResMap t ool

twentgfive dmwcmmewsﬂpdsnad bpplastaenbbecesH@D fiopsa JEQRrecursor,
%ﬁo&%&%y 1 & ooty ) ra I B{‘e’% ".%g‘ﬁf’g%% tﬁ&’kﬁ& bFéégrlﬁ two PETEOS
menitbrssvere polEvied Fotl Syt PA3X-Ki¢ndloidrtsiicapsuppiied bw@slpostsoﬁllr

F’é%g%tsgléﬁoﬁétg |§TE'F_LE‘ agttaﬁrﬁsg é’orﬁﬂlghaed Materials, 5

OWeT es enue ar a i fornia, 95054. A

R Ry TR g e BB
rerpeal: finst cappeplrextantatum, tand fbﬂﬁbhihetpﬁm 'ﬂmtoghlinn:bpomt
il i B85 A el 1V st 20
PSiED&rguke pressure, OQ’EEESEIW\ﬂQWeEQD mllmlror der to qualify

the tool settings and the pad break-i 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
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10 nonitors were polished with Syton(r) OX-K col |l oi dal
03085 W8A 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 renmoval: first copper, next tantalum

and finally the PETECS. The tool m d-point conditions
Silieere ValleydWierastastranics. 23 SB&ﬂmnb@ﬂdwgp%o%@ﬁleﬁ@an thickness

lg&m%r psi; inter-tube pressure,
pSI ; QP%?W egbgl?%’g m/mn [0045] Defect counts
Pﬁﬁﬁﬁﬁ%ﬁb%dorgﬁh a Surfscan(r) SPl instrunent

nufactur ed LA Tencore, located at 1-Technol ogy

Coppere 10,000 Amarop@ed appes 1, 089 Acopper saedizs0 A Ta gn silicon
Ttbﬁéﬁfm BaBE % HR0B'A %Mé}%ﬁmh%%%ﬁon system Using

I's Instrument, particles and surface defects on
unpatt er ned substrates were obtained. Ther particle

Exaifle RBrithriRePRACExaRpiBYEREY Of defecls, | ocation

e size of defects. Also, this
Ekﬁ,ﬁ blewrent was used for measuring surface quality
rough characterization of surface roughness and

Cohfponkiits of trix@ireWbr PHEH &GS Ky'SMomsulitdd Suripi t S,

1 PRaEARR carFPHBEI45% SBRIBS) = 9839 gfdras Ki NG faults.
Snffiged pRERiun? BRbiiYed &S’Hﬁidﬁgsﬁd&e(w%fsﬁhés)ws@? grams

3y8@.m¢racw1@% sdlitdn=983%f4he. fol lowed by placing the

45 353841 APdroRiRe A'SBR"J%MVEEW7 sahidg a Novel lus(r) 25

syqnm &%érei.aé(w%%@mﬁ =00 gthms Bt hod cl assifi es
efects ranging fromO0.2 mcronto 2.5 mcron. The

sum of all defect values was recorded as post CWP

PeselieSoPmixirRPBE bRy, 8 Rg balthaizk. \Wafers [ 0046]

Pol i shing experinments were conducted using

LIPS ST, U5S0H 0o R IR Erooh 8L B 1147
gfanomof-deforizedsgate/SndSilowed to $trlusing ameguicetirenior ésninutes.
AT Ao P38 Pt B S0Bg g v
addeds$ibwiyaluritp pperiod 002 ottutes. Aftet allowingthednixtoipgyter stit fayFominutes,
1%8%8%?@: cfl'tﬁ@ géia%r@a @ec%]o@l l 'A‘f‘tQPZ Eﬁmﬁ@{&ﬂ{ﬁ‘mg, %QPBr:ﬁns of

e on
p()@eapmrrwdmm;e we maapn@ellcmved tosﬂaiwpae additignal 2 minutes. Three

SRR S oy ol M SRR Bl 08 e, 2, ¢

gr ans
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
ot@®AsAal i ds) = 500 grans 3) Citric 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

slurry, 3 kg batch size [0047] In a 5-liter beaker,
4933i3t@@iohﬁ@°/o$oltpi@m5§iﬁamram$ bonate were added to
Y/ i d allowed to stir
5& Iﬁlcﬁagsmrghga%%c b (P?’);,%Plénrﬁ ﬁﬁt es. Under
Bhditydsegesrperagde WNBOIUﬁOFOﬁé’éthFamaged pot assi um
stabilized colloidal silica were 20 added slowy
' _ i 2 mnutes. After allow ng the
T?n{éi{t'vgggﬁgsgqg% or 5 mnutes, 183 grams of citric
acid were added slowy. After 2 mnutes of stirring,
rans of potassi um hydroxi de were added and
El%%gl\%esg to stir for an additional 2 mnutes. Three
[00490ir dbisgxampleovitthgeny® EGNJe fas cpawatizanewitfiEsamele rledhe y

fc;?ﬁ'lf %rtlSn ROhb %Hh@%s de2criBER TR |E§ai% 010@% pﬁﬂﬁ? ZSK@@F#Q\J is present.

centrifuged potassium st bl i zed ol dal lica
Thgcomponm@rsmarweﬂwemnpl e 1 (Conpar at i ve). > The
formulation is the sane as described in Exanple 1,
1bxReiphizehwatep5i1d487 HH@®8 abi | i zed centrifuged silica,
2prPotagsium epibapale (4oTesinipny T18843 9AMBS si um st abi | i zed
3% Yncentrifpgedpriassivme stebiligrsheqiipidabsiicad3Rtpesalideld 8¢ grams
4be¢iﬁwa°lf§(193!tr slitiond =\ 188 &Fames 1646. 7 grans 2) Potassi um
5ta‘?Q$@$ﬁﬂrBh§’d@W§&m%|5§W}'°E:) DY BYageans 3) Pot assium
6% tZanvI® FEl (2QMe) T B @iamS col | oi dal silica, DP-290, (25%
7} dilydragen-pegoide; (309 solutiond 71 3098rBPS DuPont  Ai r Product s
NanoMaterials, L.L.C., AZ -16 07055 USA 4) Citric acid
Totehweight TBPIMPrams183 grams 5) Pot assi um hydroxi de (10%
solution) = 177 grams 6) Hydrogen perOX| de (30%
solution) = 300 grans 5 Total weight 3000 grans
Exaanisie 3 [0049] This exanple with Zonyl (r) FSNis for

[6O50P 2 ThizQXakp H\Mﬁi‘éé’fﬁhfﬁgéd Fﬁﬁ@s:urﬁ QdBlizad colbidat shib®is for

sanme as descrl , except that Zonyl (r)

cwsﬂan@npmws%xﬂmp!e i‘h@%i@fm@'ﬁtm is the sarae ARAesTibad wbémple 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

07@8508At e (45% sol ution) = 93.33 grams 3)

Uncentri fuged potassium stabilized colloidal silica

(30% solids) = 500 grans 10 4) Citric acid (10%

solution) = 183 grans 5) Potassi um hydroxi de (1096
solution) = 177 grams 6) Zonyl (r) FSN (100%

reynened re;umqyldm a@eam@i@rr@duqi@ncmdexﬁgwtuppwﬁ)one B%C@ﬂ%ﬁaocessed
&@e}_%f; &Jﬁtnpa‘nsglg @F%nﬁéﬁdﬂﬂ SolibidaPORA nalAtigSsoluble

centri pot assi um stabilized
pgkvsm@ﬂt@mpregemt; Seedisally, rthe @Qiﬁﬁiaiougfdﬁa%eﬁHC%(fawbﬁé% (Comparative

E%%ﬁ\gfeog%‘b@ &4 Iézf r@sé&@cd}ﬁ HEHE lchRsdhl bﬁcﬁ%ﬁi&uﬁn@soluble
xcept t

|s present. The co

palysilicatesmand h@mgo@é@ sumf?ct@ét gYR Adnodfst éﬁducf'%wgﬁq defectw'fv
cgtﬁrﬂnﬁorﬁ)‘SBge&Brélﬁ?ﬂm FRIPODIERMAS D). SQ&é‘bf @E&mrar%ﬁie%llmdal silica

rans uged potassium stabilized
havmg gelu |§FP@%'"G¥S%%W®@@'°"@ witloanypdgag suriagispt 9 aeven
eP Bécréé§e ﬁrdé?ét%lg éﬂ%ﬂ%@&@ﬂﬂeﬂrﬁm 89 (Exémple’ t4 B0 (Example 4).
tric acid (10% solution) = grans 5) Potassium
hydr oxi de (10% sol ution) = 177 grans 6) Zonyl (r) FSN
(100% = 6 grans 7) Hydrogen peroxide (30% solution) =
300 grans 25 Total weight = 3000 granms [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
pol ysilicates -17 07055 USA renoved resulted in a
dramati c reduction in defectivity count on a post-CW
processed copper surface in conparison to use of
conpar abl e coll oidal silica having sol uble
pol ysilicates present. Specifically, the defect count
was reduced from 5898 (Conparative Exanple 1) to 89
(Exanmpl e 2). Use of a conparable colloidal silica
contai ning soluble 5 polysilicates and havi ng added
surfactant gave a nodest reduction in the defectivity
count from 5898 (Exanple 1) to 5402 (Exanple 3). Use
of a conparable colloidal silica
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havi ng sol ubl e polysilicates renoved along wth an

oZgsedsaur f act ant gave an even

further

decrease in

defectivity count on copper from89 (Exanple 2) to 60

(Exanpl e 4).

Col | oi dal
Tant al um BI ack
Exanpl e 1:

-18 07055 USA Tabl e 1:
Sol uble Polyneric Silicates Using Centrifuge,
Silica on Copper
and PETECS Renoval

I le 4.
Tablepk Effettaf, Reguirg Solap Egﬁfmesgml@a@sptﬁ i@

di anond,
nple 2. Exa

Defectivity,

e 3. Exanp

Ef fect of Renoving

from
Copper,
Rat es

Sampl e
entgfuge, from Colloidal

Sitich bl Gonper PatectivitypCopmeas: Tantgjamy Bieck diamdndcandEETEOS Removal

R@‘tea' cates silicates silicates "renpved' from
"present" in theExprepieded " |'Breepiad wi Exarorle Poi ¢gxample 4:
Samplei ca silica a&oa@?r@&vef r on §8|”P'S| dal $8PHBIEr ant |woluRle polymeric
surfactant (Ung¢éR sm t PlePaly@aris) P9 ”5bra5| ym?l?nyl ’;aoised, tom
FSN Zo_nyl (r) FSh. pr 1?5{ ﬁ:at}]e(Ce ged P Witﬁvl'% idal silica
(Centri f_uged Si I ggvgl lic §6 |'d§|a) ,.factant
555 Gtric ag '( nce |fuge{9 I|gé ér ane FSN_ Zonyl® FSN
Pot assi um car bonafiga) W . 1. 4 efttriflgéd 1(u htamGe U Tentrifuged
hydr oxi de, wt. (.59 0. 59 0. 59sul&a59 Del Ddisiics] wat esilica)
siigdlwinte Bal ance [Bal ance Bal ange Hydrog¢h peroxi deb
(H202), 3 3 3 3|wt. %pH befpbre adding H® 10.8 11.1
Citrdclac®, Wt. %2 Coppd®1renoval rp@81at 509 5041476 457061
2PSI Tant al um rem)val rate af 635 750 582 750 2P$l
aanl o AN v el o7 204 AL 7N n
Il ) I CliuvAal \O | U= <0 rJ ) Cll UU d.l 4-4
tgg E’ = é*ér erm\ al rate at 37b 4401 262 316’ 2PSI
Potassmm hydroxide, wt. 0.59 0.58 0.59 0.59
%
Deionized water Balance Balance Balance Balance
Hydrogen peroxide (H;0), | 3 3 3 3
wi. %
pH before adding H,0» 10.8 11.1 11.2 11.12
Copper removal rate” at 509 504 476 457
2PSlI
Tantalum removal rate’ at | 635 750 582 750
2PSI
Black Diamond ® removal | 627 764 46 70
rate” at 2 PS|
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
(03m1cron)

3Silica 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.

®All 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 mcron

oroes USNP Copper defects 5898 89 5402 60 (0.3 mcron)d

5 '"Silica 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. DAl renoval rates are in units of

[00583 t dable 2batow eepreducen p. portitm of Teble 1 akave te facus @dipetion on a
f f:

om0 RS RS A o cl E3H ot s

uping celinidal gilios ps gbragive GNP asmlmhyuwlum%p@mmea%ﬂ)@ates for CMP

0
pﬂ:ﬁ:@%sﬁ R |l ﬁlﬁ g\fsst%l%b%ré)fs sqgfs urgg agr‘;r]'lugl‘l é?ea%’r%?fb@tr

eqgua m Ccron opper

dgmrfda@oﬁ whetban s@atdwmlpmae@ silicates arei nﬁgsetrlﬁ er wp@n pesyCMP
d@%cil\h@tkﬁgls d@?ﬁ\‘:@ppeﬁéﬁﬁﬁcéjﬁfr@lﬁﬁoﬂ% "l‘ﬁﬁ ‘Mﬁ%ured

usi n ect’ count test procedure u3|n
dlfferﬂme in defeetivity gounton ajeapper sutacs ifd. §§39 wsgs w&f 7 en an OXIde

-19 07055 USA [0052] Table 2 bel ow reproduces a
s@idrasi on of Table 1 above to focus attention on a
dramatic difference in defectivity |levels on post-CM

Tablg 7 Compaeisan eilpefects apQxidesand orpgr Syrfaes dfter Rast-CMP Using
Sfiga @\*BF&‘Ne‘WltHV'ahH‘ Vﬂ%u{’“ﬁeﬁ%ﬁ\g%&mﬂ% PoRRleYiBBllichtes —Slurry

si |

depe
pres
copp
neas
surf
Tabl
Sur f
and
-Slu
Nunb
oxid
0.3

[0053]

thereof, it is evident that many alternatives, modifications and variations will be apparent

i cat es
Qoatﬂoeentﬁw a%Dgfcﬁ"

dlnn an. whet her

BTOCGSSIH

As is Seen in thi

edin FRNIg Ta nuch greater effect 5

soluble polvne

Lc silicates ar

ent_or not upon
bpaplefce in re
Leeament f f er ence

Mmberpbdefgeoc
|ostGXisle SU5fag® ox
Q-1 oorEtivity

sSus |uqt 25 _an

| Nympor efcdefgcts £ ¢
o Capper gedacerhg
@SUMEBN a copp

noxide surf

ace s 5 809 ver
pSplub gMigon

heilicates presenisiNo ¢
VeWfastAnt Renovi ng
ry _Conponents

dB2Def ect s on O
IMP Using 10 Si
Sol ubl e Pol yne
Sane as Describ

kP&RS and Copper
ica Abrasive W
ric Silicates
din Table 1

Bolubledslysearic N
bsilichtesalesenbNac ¢
newfastant Sol ubl e

MSér of defects
pper surface,
polynmeric 182 5

8%anpl e or on
Conment 0.13 m g
398

Difference in 25 5809
number of defects

(Row 2 — Row 3)

% Reduction of 13.7 98.5

Defects

e
r a

er
e.

th

ron

While the invention has been described in combination with embodiments

to those skilled in the art in light of the foregoing description. Accordingly, it is intended

to embrace all such alternatives, modifications and variations as fall within the spirit and

broad scope of the appended claims.
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20

25

30

silicates present, No surfactant Sol uble polyneric
01655 B8A silicates absent, No surfactant D fference 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 apparentCLAIES: 0 those skilled in

the art in light of the foregoing description.
1Adcemapasifion fori chemical meshanden! pianaratian of alsurfaggiaving at least one

I; a | A ] " .
G RATENEanp i e Ao SR B et
subsiantiglly freg@o pelymeriasigates.. A conposition for

chem cal nechani cal planarization of a surface havin

2atA gampasitigndor ghepiical mechaniead planarizAtioniohg sudapehavingatdeast one

fésag%rre%rtewp?@e.]ﬁmﬁd &Lﬁf]b@r %g|d|?yn%;sm§h CbfBridihgt | S

stanti a ree of soluble polyneric sificates. 5

2. Aggoippeidihi diRa thatis shamrtially fEs beddig p&%ﬁ@ﬁé sif@té And
of a surface having at |east ‘one feature thereon

conpik) SaékidiSiRg 8gentsai d conposition conprising: a)
colloidal silicathat is substantially free of sol uble

3PqhBEBRipesifibh bCOLRS 2 f@fér cihpading ) slsurfattandgent . 3.
The conposition of Aaim2 further conprising c) a

45 Thbashpbsitior 8f Glaind Bevheed® @ durfabtanf is @ flofasarfabtantei n
the surfactant is a fluorosurfactant. 5. The

5C QB @Bhipbsitior® bf Clamh Dwherdie iRl dxidiZing agertiizhytiogaaidroxXide.
hydr ogen peroxi de. 6. The conposition of Claim1l

G\Aﬁ'mé%bmlplbgi_ﬂbm iaif @I_gfﬁﬁ H Whehl'ém c@ﬂﬂﬁﬂg&ﬁb grl stk lerwnywctfe produce the
the, c. | da ilica that .is substantiall ree o
ol s, Bl BBt 3B ot s51yBs ROhERISHIFES c horr cal
chani cal planarization of a.surface havi at | eas
7o et fer eI inePeaica BispPriithn CES spiddes 1l a1t ane
fecaturp ithereowy cornprissigegsppef, '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 colloidal silica that is
substantially free of soluble polymeric silicates; and
C) polishing the substrate with the polishing composition.

8. 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:
b) colloidal silica that is substantially free of soluble polymeric silicates;
and

b) an oxidizing agent.
and
C) polishing the substrate with the polishing composition.
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A) placing a substrate having the surface having the
0A059 YAt 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 20 C) polishing the substrate with the polishin
9cbmpasthod @i Clatm Swhereindbie cempesition fuehernrompsisps g) a surfactant.
glanarlzatlon of a surface having at |east one
19 eahemethaskolfCdAmwpered hg sudpgant of ha epmrasiion is a
fﬁ§ﬁ%ﬁﬁﬁ#£@ the steps of: A) placing a substrate having
surface having the at |east one feature thereon
140 "fgé Rt SRR 8 Wﬂefe@ﬁ {h8 Oiidiidd agenP6ef thé Rbposiash |32H§1drogen
elivering a polishing conposition conprising:
P@@Wﬂérdal silicathat is substantlally free of soluble
nmeric silicates; an oxi di zi ng enh. and
15 Meshadsefi Glgim whgmthp&p&ow*tswce that &o?q%grﬂ" glly free of soluble
\Agméﬂé bﬁlbaﬁﬁs is préducedUaingdafirifugatibe met hod of Claim 8
erein the conposition further conprises c) a
surfactant. 10. The nmethod of Caim9 wherein the
surfactant of the conposition is a fluorosurfactant.
11. The nmethod of Claim 8 wherein the oxidizing agent
of the conposition is hydrogen 5 peroxide. 12. The
met hod of Claim7 wherein the colloidal silica that is
substantially free of soluble polyneric silicates is
produced using centrifugation. 10 15 07055 USA. DOC
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