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POLI SHI NG FLUI DS AND METHODS FOR CMP Technical Field

This invention relates generally to a nethod of
woreayi4ng exposed surfaces of seni conductor WeEBDS20861040803

particularly to a nethod of nodifying exposed surfaces

of structured sem conductor wafers using an abrasive

article, as well as solutions useful in polishing

sem condug} o k Dur | j at ed
cireat mborstENFOrLUR SShaTs A PER CNIEL ™ -

sem conductor fabrication typically undergo numerous
processi ng steps, incl Eeghnical&ieldi ti on, patterning,

and etching steps. Detajls of these yfacturi

st ephisinyen§ertdepserneHilyiapapethod of mé% 1?%8"95’;3@‘{] Shrfaces of

Lonshofd ) W6 13t inpl k&R surfaces of
serb BBl Pl B porfRIRY) K BRI or BbdBhing bR surfuces o
stridbgbi bethicomlvcmr wafad using an abmngiva agiclaygs ReB essdhtionswseful in

39/2/1990), pp. 621-635. In each manufacturing step,
polishingssegfieeaduetet Walaty or desirable to nodify or refine

an exposed surface of the wafer .in order to prepare

the wafer for subsequen&‘ﬂé@fﬁﬂ-@gti on or manufacturing
steps.. For, ex le..after a d I %
depoiripB it ep P e el SRR ERorS iy o
serfRBRARdr YatiREHSn Typidall® findére6 asSEiYs bRicosstngadielis! inclnding
depositi on or subSequent processing occurs. In another

demnsitinpl patteafingrand stobingritens. Resils of Hease MaguigeERE stepe &y

to d sit .either r,.hot.h n td ' ! '
serigpbf RS o'aff plkyepa St Fsnf gl adle Vst i
SilvRhe publisteRes id Antremhelématiiral Disaaess forsProdedionn

nmet al Damascene processes. In the Damascene process,

a, ,
EngieerngRessangh.ofVeod 3%/ 9N, pixi6db-6d5 o [neeachinanufagBpring step, it 1s

Af t t chi i onal. adhesi qn/ i .
ofig e PbouRera Rl Bty BYRTR ARBSY FiericBLR IR it ip order
to ﬁl%ea%itﬁee&ia@yﬁfr sObse@tiert: Bibrichtidrher rasthesitaidaepsi er

ayers. The deposited netal |ayer is then nodjfied,
r ef iFoeekaoepls,iafies t depasitionatany thegleperited ppierial arlayet opf a wafer

d ' f .t dhesi. 8L
s TRl 5 PR A kLo o Mt
préddding bRuAU IS bnGkOCS@hpte) bftacs «hitdeemahat icotgrd ied to

both metal and an | _ . o
deposit either, or both, conducting or insulating materials in layers on the etched surface

areas of a wafer. A specific example of this process is used in metal Damascene
processes.

In the Damascene process, a pattern is etched into an oxide dielectric layer.
After etching, optional adhesion/barrier layers are deposited over the entire surface and
then a metal is deposited over or on top of the adhesion/barrier layers. The deposited
metal layer is then modified, refined or finished by removing the deposited metal and
regions of the adhesion/barrier layer on the surface. Typically, enough surface metal is
removed so that the outer eiposed surface of the wafer comprises both metal and an
oxide dielectric material. A top view of the exposed wafer surface should reveal a
planar surface with metal corresponding to the etched pattern and dielectric material

adjacent to the metal. The metal(s) and oxide dielectric material(s) located on the
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oxide dielectric material. A top view of the exposed
waf er surface should reveal a planar surface with
woreaoals@oey r espondi ng to the etched pattern andPCT/US2006/040803
dielectric material adjacent to the netal. The
metal (s) and oxide dielectric material (s) |ocated on
thenodi fied surface of the wafer inherently have
modifibd eireie of thesiafad inbéranthchavei dfferest, physichl chgradicfistégsesuch as
har dness val ues. An abr asi,v§é}a§réi cl e use

) d to modify, a
diffogenbhargrcsdielaes. by RS TR RS eiRed i BRGLLA Ml prduced by the
caref u ' O héaift fhe

S e b G e e
maleHAIe Fiiout Sowattiting thetshefachofastheematetialc Pertimusthe bbrasiye erticle
to create a planar outer exposed surfa%e on.a waf er d area
musteiakly 1819reaiq oRIERAT AU possd mTane ORAV T YRR EY
ofa?%lef?al Q{deéne%géegle a?%f&fd Bblectad pibtéidpr ocess of nodi fying

e deposi l'ayer until the oxide dielectric
mat Sidhad prosess xPwdifying thddepositel metat leyersuwtil theexidgadielgctric
little rmrgi n for error k{gé?ulsee Ofl'gﬁhe subrﬁn' cron se of

magripki sxpRsd o7 thenwualREeupT TUERET IeaYes Il PEtE O HRe" REFEF
thegﬂlgl{l%&?le%ih{%%ig?s%ﬁﬁé n‘{gng@%eatttﬁ}@s 10858y 8h e SePlurtdg. It is clear

eposi nmust ast to mnimze manufacturing
thats trémoval kdth ef the depasited eraial aust bofastiognivimize oranpucRIring

t et ched t b lete, . Still f h t al
costorRER ISt TERERUA o BES WhiSh VI5e® PTG ! o GuPFs
stif fGfrr %etéﬁ%ﬁlt%mnﬁg?ﬁﬁ iR d M8 nflist8e FiRttad tdMsdret@@reas or zones,

cont'l muous w an area or zone to ensure proper
and B @eraiininigtyetallmuss be contirtvves withal amayeld 61 20a€ it@PNSYFORTEBY

corfWHT B O SSeRi B ML TKSPAGHPR BREF SR B SERO b GO

repPdd -&hd Dl DGusxRRsedasur faces of wafers enpl oys net hods
a

treat a wafer surface with a slurry contai ni n? a
pl uOak icoiventioha aschabofasodityinmet jetihing catpessd suderss ol wafers

cmploP i o Cat VG meer Pty O Pt <l foose
ablaRYVE ??@]gﬁg ﬁ%ﬁ)ﬁl@éﬁainpaaﬁjqdi@. ngcglly {Qis rsl%ﬁ??i?a@lieﬂ% g pofidhing

nat e e wafer surf Generally, 'the slurry
padhisbthe ovitfaisnefacege then grdnindhoraheved aghingt thepad inrder to prmove or

f f . Thi f i | )
ke SFGPAEHA S 56 PRI RN Ga PP Ap A ER PTG FELhCh
ch%ﬁfg?ﬁ?feﬁgt WEMR: vrASRSEce. PR& HPOBE GO idtdalYionly referred to as

ries, however, is that thé process nust be
a chan&hlineyhamival planairation or paishing (&MR)eawecess.desi r ed

nas ohear SRRt § SR e reci F R B PO Sy bo B SRty
mdMiBRl BNt &or tdRhid RS RbiEd WEfr surface topography. Another problem is
the mess associated with loose abrasive slurries. Another problem is that the slurries
generate a large number of particles that must be removed from the surface of the wafer
and disposed of following wafer treatment. Handling and disposal of these slurries

involves additional processing costs for the semiconductor wafer fabricator.
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generate a | arge nunber of particles that nust be
renmoved fromthe surface of the wafer and di sposed of
wo edo7osi4mg waf er treatnment. Handling and di spoBeEl/U8$006/040803
these slurries involves additional processing costs
for the sem conductor wafer fabricator.Sunmmary of the
I nvention The present invention exploits the
advant ages af f or deSuinmargefdhie biveatione articles to
nodi fy surfaces of sem conductor wafers to expose at
| ea$he paesendiifvientiemexpleitsahe afeantages afforded brpse effabzasive

waf er . ese nmatefi al.s typi cal diff .
o Ginodty i S rer ol ity (et A MoutTorppt
maRrBRIH the BYERE PR WalMO ITHESe BateRSIS Rfpicdlly Habebiffceert Baidiveys

slurry nethods and uses an abrasive article to nodify
valoes andfdifferent abeadinpprppetios. surface. This alternative

CWP_process.is reported in U S. Pat.en

and T8¢ Reseny inspri&R NGB precspraler®Ele PR sty Abulo and
uses 8% labfa8e ARIASIMBoSBf 5:3€find A 8dmicBEduetts Sudhtea Sih¥ealternative

particles dispersed’in a binder. In use, the abrasive

CMR piockss i sspoted act&d PalentNes. S8 J8A ¢ 6 dP4AdT e he useful
surface often in.the presence, of. | Ui r LLaui di

g A5 e PRt St dn s biea i il persed

in 4 BAUON 1RfusdBhELABrAivOatiEIaes Vit RtedBRTEh RseMicHRd R IgY vedTed surface,
uni form wafer surface. Using these fixed abrasive

ofter ini tbe presowerof aifid or liquigi witlcamotian atantedsp medify anexposed

i.at i t.h I i es. i efd
oo SFAPL P RSB S G B8 €l B SR
Ushigahairsal abkive RitigesOveRbARAk iskatficant Rme St bicdlems
useful for nodifying a surface of a wafer, the

assooiatsdsvith eMcdwpiessi ng a synergistic mixture of water,

an idizing agent, conpl exi nt. t .

o b B by o B R P850y LA R o
poBSheCsadaRmMich SrifsRioRRREfU S nhdMFingdd suefaBPbLa wafer, the

di functional acid or salt thereof, the nble ratio of

compegitien¢angprisiesi? strsrgigicanixten of piatesamnoxidizing agentodi d

is. at least 3.t0 1. Thg,m xtur.e.al ' i.ak
corplsgingrEan it eebient il S SRl St BFhEBhaRt Fipored
frof! £§i8Hle MdYSMhERThaPbOMMmBRSdifinchieHl g€l ofBslhBeolthe mole ratio
pol i shing system conprising a fixed abrasive pad and a

of parhpleking ggesrip ostaliiens puesentuin theoliquis & atyease’ o bulThamixture
of. a.wafer he Qsition conprising a synergistic
alsﬂi@(?ﬂi’tﬁé‘n‘ii?lly\/\%?ee?ffa%é NSReHYSShg agent, a conpl exi ng
agent anhé eiiodiméNhe pMREHt itveiEbe bidvidest chB@ical mechanical

polishing éystem comprising a fixed abrasive pad and a polishing composition useful

for modifying a surface of a wafer, the composition comprising a synergistic mixture of
water, an oxidizing agent, a complexing agent, and metal ions. When a majority of the
complexing agent is a simple monofunctional or simple difunctional acid or salt
thereof, the mole ratio of complexing agent to metal ions present in the liquid is at least
3 to 1. In addition, the mixture is substantially free of abrasive particles.

In one embodiment of this invention, a method of modifying a wafer may begin
with a layer comprised of conductive material deployed over at least one dielectric

material. The dielectric material typically has a surface etched to form a design, i.e., a
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conpl exi ng agent is a sinple nonofunctional or sinple
di functional acid or salt thereof, the nole ratio of
weowphsKing agent to netal ions present in thePCT/ys1006/040803
is at least 3 to 1. In addition, the mxture is
substantially free of abrasive particles. In one
enbodi nent of this invention, a nethod of nodifying a
patisied rsufflmed k$1|gh a V\éufm’rmw b@medlfled i cosecking andonkdtigely weoving
mat eri a epl oyed over _at | east ielectr
the,Rase A21OT PHEIGH QB8 DTEE (o, SREOSHT Wﬁ}l%tm matpie) yith respect

to tﬁgﬁ 25 e SlHEIE dfhte%bia‘%f\@a?uﬁﬁéﬂpgﬁlly 'coﬁprlse%%tekﬁédéﬁ fhajor
ace. Such er na fied by contacting
surﬂiﬁd of £phikalite bytexowed) ghmﬂdlmpmeloabmap@rcomnosm@omrnsm a
erial), . wth res

e. exposed co ctiv e
plugaénx ﬁjéa(bg%s{ngsp%clgsr 1xed it grsgg E%%ﬁ’\}‘ée%r"%}}%?c@ﬂaa SR motion
onllly SRR e R e
artrcmrandshd (&mductma:rmestem@ Lmuparquiose;@/slmfacabfﬂns mﬂéer is substantially

particles écxed and di persed in.a bi

plae@rmé dhe SEERCHENBHse ;?b eas{iopg ajea Oﬁﬁ%‘RﬁSS‘? ﬁ%}ﬁluﬁté‘{%‘a‘iffﬂ?ﬁqaé‘d at
leal GAE @ldalof e%ﬁos@@ HRdYE: SRS hiEhhe %‘;( $R8 s@PIRS b¥ onductive

article and the conductive materi al unt|I an exposed
masetiaf ankethetxpdsed wafees bSdislebtsic amtéridl lips pitataatiallnig 4 siegle
surface conprises at | east oag)gar ea of ex?

plageyn G dielpetriranapialmaynlp cavered Dy ong QEMQre ! e&’lneg])?f%rg Ygrials
sudd £ gﬁ %Hﬁés?orﬂ%ﬁéﬂl et BICB.IIP}E 1R BPRSLH Sblet@ie %at&fal surface is

conducti ve materia t € exposed surfaces of
essdiitAlgcieei Gft]mamearmadlatd msteﬂalka&amwlal of they cwcbmh@ﬂ material.
| ane.. The dielectric material .nay be cov
AGafgE ROSARSIG F Rt Taspel do eSSy Bie B the

1nt§|§% AR OMARAGS Al thé eﬁlﬁfuctla—é’ RheAhl YoorkiRgeErB@FRAtion may then

I'ectric material surface is essentially free of the
expast en tieciuafaee ofihe miafdr thé dielectriermaterial ahd theecondwativetniaerial,
material. Aternatively, renoval of the conductive
whendesiied] may expose only the surface of the

| nt g, gﬁ%g %é Efs [;ﬁhlc%[hglytsﬁﬁaﬁlé’ ReYRSdiREng @R Rbe surfaces,

Conti I cation may then expose ‘on the surface
oftef reférecdnafas thet deeomli mbecial 1n¢hlsrdt>enma1t ah@i ceridctive surfaces may

cond ctive nate i al when de resent
?Valuesof

be ppda dion & G o1 SOibeBY G Sty P o
lest§ ma‘é ggﬁ‘t 0. Pt)ﬁﬁrhrﬁ ehRELRE e EORIUSBEOMEteRl Sidl@de thétals

ocunent. The conductive surfaces may be nade
sudH arusg stea; cmppr afurcionoiy) ahlrmmmaolemr allgy, @eﬁb pidydrytitanium,

havi n reS| tivit value ss th
iR ST Opruemm, Sreaoss s s of rde ool Bidtdgigectric
mdté}gléjg&eﬁ‘ﬁgq}a@e 8%&&'&&&%055{&% 180 than@BB&r5. al um num

al um num copper alloy, gold, silver, titanium

In another aspect, the present invention prov1des methods of modifying a

surface of a semiconductor wafer suited for fabrication of a semiconductor device. A
method of the invention comprises providing a wafer comprising at least a first material
having a surface etched to form a pattern and at least a second material deployed over
the surface of the first material, contacting the second material of the wafer to a

plurality of three-dimensional abrasive composites fixed to an abrasive article in the

presence of a working liquid as described herein, wherein the abrasive composites
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titaniumnitride, rutheniumor various alloys of these

nmetals. Preferred dielectric materials generally have
waelr@resund c constants | ess than about 5. | n anP@T©82006/040803

aspect, the present invention provides nethods of

nodi fying a surface of a sem conductor wafer suited

for fabrication of a sem conductor device. A nmethod of

comppeis¢ mplerality Af eagive pasticles Bxedly digpersedainer bindarparidsklatjvely

at._| east .a fi. nmat eri al havi.n urf.ace et ched .t .
e 18 St o6 s S Rl 8 BB A BB PSR e g ve
coRBites tiBal §x@6sed¥urfabeof the Safd¥ed fibs@htialBOflh@e tahd BothPEses

second material of the wafer to a plurality of '
at lepstaae @foami Kpasad fisg meseripd anbogroarea @fsempméec@danatenal.

abrasi ve article jn. the.presence of a.worki igui.d

e auiolr Bl b in SRIPLERTPRE Sy Qi Nefld compilif a
lesSDORRAL ElL@HIE 8NNTia3 Baving b Yhidhdeteychll taRr@Sd YRteRPdrdd £ 1&St one

fixedly diagersed in a binder, and relatively noving

condstig materighdendotedeoverihe surfagstadithenat I¢ast one delaetsicmatgrial,

cob LA B BB SATRAPH LRy hmenss

abRRIVBIcb&BSsiRt fixeA s arPiiRasiVeatife i MRPE&Endd ¢ whRkigY li@lid as
and one area of exposed second material. Another .
desppibré hetgin, whereimihe plurakity o apresise sompesiies comgpasavaplarality of

risi | east ane.dielegtric terjal havi.n
oGP Pl Sed B3 hesBia M) EbFGH, i FR el B IR ioer
witlenBkiedndveriveahgetiallis egin@iee it s pluhgitys of dagtvedontftRites
at least one dielectric material, contacting the

untibihg gEpase@ swrgace of Hhe wafer ssubwansially @laaatpansﬂr?mnrgﬁemt least one
o . e e . t ' .
S TR0 R AE SRR 5o i e s

as dsedtiel of eecihentivh@lseiificlhdeprolidirl 4 viife® toRpfidns ¥eleast
nmposites conprise a plurality of abrasive particles,

co
ong figdegtripygatgrialduvinach pattegnediswdede, thgieleatia matesial substantiglly

ile.the c Y terial..ls.in contact
oot MR jthonf i JEaFRREIGE Vi IR Thbftauk® iy FRpleRGAny
corfpOBE e 184t bae CordluctiveemuRfigll cirfiactind Sheddnidattive mAtaAalof the
and conprjses at | east one area of exposed conductive

wahgrtte piphiralify @f firee-dimansional abrasiyvegompepidesewhishairefixed to an
teri T, d ' tion.also includ
oo BB El R, e FRLARLS ol IDHPRLARO RSy

rrsin
plutslit@ foff abrakiay tr@pesiteabéapiiech SuFaliBCer abtdye etiaef @64 fited and
mat er | al substantialgé covered with at | east one

dispepsed ineabinde, agdastativalyanevieg thetveaferowhile the cayductive material is

. i d i
in B4 L RYSE e Bl y TR o

waf@fcemptifesant Mabi @leidrdt dffexpbicd@ofdubEns hfdial @kl &9kasCone area
conposites, which are fixed to an
of exposed intermediate layer or at least one area of exposed dielectric material. The

intermediate layer can be, for example, a stop layer, or a conductive layer.

With the present invention, the combination of the metal ion and the other
components in the inventive polishing composition (also known as a working liquid)
provides a synergistic response of an improved removal rate of the conductive metal
surface, allowing for the use of reduced oxidizer concentrations and low metal ion

concentrations. Lower oxidizer concentration in the working liquid is preferred
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abrasive article, in the presence of a working liquid
as described herein, wherein the plurality of abrasive
W@ uposises conprise a plurality of abrasive peeT/U81066040803
fixed and di spersed in a binder, and relatively noving
the wafer while the conductive material is in contact
wth the plurality of abrasive conposites until the
becapgsobe tpveai e velse serferallye Immze eutpsiongd sheggonduetiste apfal
u
sur?acg %nggéleﬁnggceggpg EB I 3 gi% lg) é:rghce?lﬂgﬁ &fseaég ?%ger{ge'aeto

migihfize wﬁfeemme doﬁiblﬁir@ﬁbﬁ by thieahenl idhs. Ghgeralit, GioBabgistic
| ayer can be, for exanple, a stop |layer, or a

TeSpOIIE MEAVidas heﬁsrerpmowltrhtetth@ pyubsetnt thergaupronepts o pdinear
1ntecrﬁgf?¢]5]r%f 8 %Lo&a'f ?at{.@i‘oﬁg sﬁl%@t mﬂe E{{ﬁ%&{eﬁaf & CIQ@P 1 %Qﬁeﬁicml

I'nven I'Ng conmposi

to iachyaé Kico@pleixiigi e@bntﬂb @ wesirg 15yuie bgpalishihgrodaiposisien, ab not
an inproved renoval rate of the conductive ngtal
only ¢phanee rerapyah atersy brigtlse eerexsat premague depmpesifiopdf the

oxERIGPOALLRNTAML LORAIBE AL B0 ONCRAEALP IRl Over

oncen e MDF

empodifrRht etthdauseion fecdnbiing tifyese Df aQ‘ﬁ:ﬁ& aaxlalswe pad wiithiane
corrosion of the conductive netal surfaces durjing CWP
essprtipdly pbrasiye freswmetshag sompesitiols niduneemabingfien prpwides excellent

b
me %@ﬁr%ce??m&g’ 1%@%@%\%@3{1’@ {oﬁ}é&é@ﬁg 2l PP on by

Fgi stic response

pr o¥nd advieddear tiegprossat invarittont fravides $fikekibradivé OBIP process
corrponents or a linear interpolatiagn of t he renpval

withgrgerking fluid slgoswiled p pplighingHpidnesefd forguagsten €MPBg Other
I
fea%%%ﬂﬁé&d?%r&%ﬁe& o?gﬂel'iﬂ oﬁ%ﬁ b%)r%g gt?d}ltl tl‘ieofo 1 1n§nc}e;[/alled

or po |ng co ion,

deripancef the imxéation aidethe clrauhs aTlSdJaHo@e plirax@nt ofprieiiles of the
deconposi tion of the oxidi zi ng agent_ (extendi ng the
F

dlSﬁlsﬁurP if gotdmtendsd tﬁﬂﬁ%cahb@)eacmlls atgdeambadigiepfafeyery
1m§>1 gﬂﬂgr iNhe B pf pa@ d\}m&yﬁﬂié Ofhe! Rz g‘ﬁk&hgg?ﬁ Bt ﬂﬁ@“%fm&e

asi Ve an essen asive free
parfiotlad exgnslifies @sitdih @referféd anbcmﬂnemhsmg thpy writiciielss herein,
excel l ent nmetal surface renoval rates while yielding
| ow di shing and | ow erosi on. One advantage of the

present invention prqvid fixed abrasive CMP
process with a worKki %ﬂlﬁ’&-&sﬁﬂwcal | ed a polishing
f 1 ui,d, eful for.tun r featun S

L av A8 e oRein ORRET B 0o B SRl S Th

recht@id P MighFRbBah 8D esdpoiRtsiiRdudds allRnibRYERbEReBRhin that
the clains. The above summary of principles of the

rangp §Gobto & mos‘.udq:@tl 1.hdchdedd, 803 &I‘éﬂ; pidb@). each
H st}zars ound &”P@Pé rﬁr&m 31\ﬁ\€%n¥pany, and intended for copper

polishing) does not remove tungsten at acceptable removal rates under a broad range of
process conditions and oxidizer concentrations. Hence, a different polishing solution
was sought for fixed abrasive CMP for tungsten. The present invention provides
several solutions.

In one embodiment, the present invention provides a fixed abrasive chemical
mechanical polishing composition useful for modifying a surface of a wafer, the

composition comprising a synergistic mixture of water, an oxidizing agent, a
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i mpl ementation of the present disclosure. The detail ed
description that follows nore particularly exenplifies
w@ eoorasropr ef erred enbodi ments usi ng the pri ncP@i/852006/040803
herein. Detailed Description Al nunbers are herein
assunmed to be nodified by the term"about." The
recitation of nunerical ranges by endpoints includes
coraplexing npertsasirhstahieds. WiVhien a nidj@ity oé Hgecopplexing dgenbisFelected

i ncl,ud 1, 1.15, 2, .2.75, 3,.3.80, 4, and .t
fropguiplemphepaionel (i< arvank dupdipal seid Sl Sraeth ot
cofiBRREn MRleof I%h@xglbfquﬁé of‘&ﬁw&l@ﬂﬁg’ ﬁ%én‘t' ROSERN AL present in the

accept abl'e Fenoval rates under a broad range of
liquidds atdsast Bitalil t Thamisnet: asd WisakstantiaHy et phabrasive paitnles,
a different polishing solution was sought f.gr fixed
2 br T DelTiE RS A8 LR consOmRERR O pE g IgYENtion can be

| usegriﬁ\éhﬂ tﬁﬁo@ﬁ YRHRd UMD SRSre LibvA® RITRESIIRR uschll @n fixed

rese I nvention provides a fixed abrasive chem cal
abrasied EMR. aMopopartibulady, chepdshingdhuidseithé plesent iroghfign ang

oS TP, VSt S ARG EPREL BB

surfdoR TP h € ¥ NG nAUEO wafeGhitkB bt fabrAsion Y& SerRicBRdREdridéviet, such
the conplexing agent is selected froma sinple

as fimetbdtuasivd ONE. A mathodeofshanipiventitinf aompriserjarovisliigl wafer
sal.t, thereof,.or a ¢ i nati on. t her,eqf, .t he e ratio

corgprizipgpf lsast AdireigRser dBe 4 asecetited s femi %5@#@ (Fhitothed

surfAc@ Yl étﬁe%f a E%@ﬁ& ] depldy@ dVexihd @ﬁrfi’de&% r’ﬁﬂéesﬁrst material,

substantially free of abrasi've particles. . _
compadtingtthe secbhd indgsriabof the miiferdo & Ipliraldty of thressdipeesisionalrabrasive

of the_inyentiqn can he used in an nown. net hod o .
CORRAES A R & 0 TR PrSERRty VBRI 4 Segefibed
hex%P{, Ve %brdweecoﬁ@b&ite@, Whaipli¥e a pREAIRPbT Shthdite pArHELIES

of "t he pr esent I nvention are useful in tungst en .
fix3diy slispetsed or @ bimder, andetitively mpodug theswatet woidisthe fsecond material

B R SO R LSSk ot
wakdi € S RRLARNY flaf¥Rnd RofBliRAGt Rhstldh atdd\TRkpERd first material

conprises providing a wafer conprising at 1east a
and bnsgrearaf expoadd feavidugaterighir f ace et ched to form a

patt.er atter surface) and at |east a second. .

et oot BB At B G oo T Gqmprising a
lea@Bd RN didiketri€ HHAE hdng BOuwFRE UThed s Riind padierd 4181 a8t one

to a plurality of three-dinensional abrasive .
combiviivs inpesial dopey adwvanthaiswdadewod tizer atilegs@onerﬂwlhetrlc material,
co t%c(:et?negntﬁg cgrgdu%ti%) rrnié{e%gl (l)IJ s’ {Ngfe?%o «'9 S u(r:a{ﬂt}kf) 89 three-dimensional
abrasive composites fixed to an abrasive article in the presence of a working liquid as
described herein, wherein the plurality of abrasive composites comprise a plurality of
abrasive particles, fixed and dispersed in a binder, and relatively moving the wafer
while the conductive material is in contact with the plurality of abrasive composites
until the exposed surface of the wafer is substantially planar and comprises at least one
area of exposed conductive material and at least one area of exposed dielectric material.

Another method of the invention includes providing a wafer comprising at least

one dielectric material having a patterned surface, the dielectric material substantially
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herein, wherein the abrasive conposites conprise a
plurality of abrasive particles fixedly dispersed in a
whrevdesos0and rel atively nmoving the wafer whil eP€T18S2006/040803
second material is in contact with the plurality of
abrasive conposites until an exposed surface of the

nprijses at | east

cOvvaf(iar 'thst%ngt anti alqld?{ pl anar and  co ]
Bhe' Ae 4t SFSteRp dieanadats vy Fra e thaiintgrieecinie laypeapbstantially

coRXOPBLE 1856 8AdcTRILEHATAhate ANOE M4 ctilB HCL nQfic thRSnaterial of the
I nveriti on conprises providihg a wafer conprising at

waferds b pbmalitgliof thee¢-dintensimhalrabadsivieaohipgsieesliel ac en ghradied

to forma pattern and at | east one conductive materi al
eyl i dy e of evodking ewd oF desebad heis v the plurality of
abidlbiQk @&hf)bscfteﬁr@&ﬁbl‘i@ a glﬁfgﬁwp%b%i%%n&g%dﬁ%ﬁ' ah8 dispersed in a

~material of the wafer to-a ural ity
bindhr, erd dilatevedi moeing dhe wsfev whilotheeshiwsive imenetidl & i@rkontact with

abr asj v rticle in the sence of working liquid,
theafgurﬁﬁjg'c?efi f"g@&l"ﬁé’f’@Pﬁ?lt%’é‘ﬁLﬁ%ﬁ ewe% P*&F?@éﬂewf Phegialgneommprises at
leaStHR Asdal T2 ! ] f ] | Gl .
e e e G R T
matemigl.waf er whil e the conductive material is in contact

with,the plurality of abrasive conposites until the

ex pg’éﬁaleé*ﬁ’ﬁﬁ 8?@1‘3&% eseRinyERtoR epable gng jexe dgsigablegmoval
1&Ter GABREL EREP Jihi i i i Gl
o i e g b ifon
provides sitstantialip plaear suefabesdsush that ehd suwianés ;e flanwithidgpect to the

i di f.er conprising at, | east gne dielectric
un&%lsl\é]lrgl Sléﬁr&gwg‘%%&‘ar_nﬁ%gg ap ﬁ%ﬂ’%éﬁﬁlf’%e avaHE diel ectric
Mt §Hef pradiesd, A Ml G R befweEn Yﬂetvbafgf aﬂdea%?ﬁsi\%%ticle occurs

i ntermedi ate l'ayer, and the internedi ate [ayer
undsp pressune ited tapge of etrleast Byoua . 1l prasts pareqaoa thoht(psip

o B Ehe G4, B PRIy R0 Shant T £ Bl RS murn
preSRUEPARH ieSerlelalBhel Ry FL1RDS i"f}§i' Y% gﬁ@', ﬁlloge e}é{@fgreﬁ) below about
presence of a working |li1quid as descri er el n,
15 ph €163 P2 hén pagmabodiyentfof sl asieuiors oirpwafet asl aeagivd Sticle
a ng ra%i(i tfﬁl of abr.a%i vefvgﬁlrt' cles fixed and .di spersed
arefglated apfiaemovathaea ey sishAhsr FouPRERIhdhapirasivaticls or e
wafePBeibtth IMEEADIRERY drtble lafd tHR v&ff&t Etothied pel%ﬁ]\% B :,e%}?!)tg%ryas well

of abrasive conposites until the exposed surface
as biekng mavesk linceriprlongselativd @atts ofithe amfa aod abragios erddicle. The

onductive material an t | east one area of exposed
walfP RS Pl TRl Gna? He Bhaonoin 81 Slinieappis BAuLe Sight type
teFV& Hnb ' ' |
D e Patf hch AHE YR RShixal) Farl REE e pach
Theanatitional miotédn ergpedthef rotatiembetwen the wafer and abrasive article may

be between 1 rpm (rotation(s) per minute) to 10,000 rpm. Preferred rotational speeds
for the abrasive article are when the abrasive article rotates at a speed of at least about
10 rpm, more preferably 20 rpm. Preferred rotational speeds generally are below about
1,000 rpm, and more preferably below about 250 rpm, or even lower, such as below
about 120 rpm. Preferred rotational speeds for the wafer are when the wafer rotates at a
speed of at Jeast about 2 rpm, more preferably at least about 50 rpm, or even higher

such as at least about 100 rpm. Preferred maximum rotational speeds for the wafer
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provi des substantially planar surfaces, such that the
surfaces are flat with respect to the underlying

W@ 0000540, which may be an active regi on of aP@E{E2006/040803
When practiced, the novenent between the wafer and
abrasive article occurs under pressure in a range of
at | east about 0.1 &ounds per square_inch (psi) (0.7

gengralyras below abrphl. P00 mum.anqse erderably\pelaw pleays ©0@ mmxar@ ip

bl Bl 0 TSRSy S eI

withiroaipladdrization ﬁ)ﬂcﬂasskﬁ@b be hsad.ORer @dﬁhﬁpﬂfd ﬁ&'ﬁkt pif)cdshhg segment
i nvention he wafer and abrasive article are rotated

may cgrpFised higherigiariise Peawie benesccondPresessing seenenk Rotation
i b
an@ﬁﬁl?s?c tlY)ﬁalangéC% eo? \’/c\lgc{ vgéﬂag ?ﬁé@él‘?{l ° rag% Fm{cﬁsaéﬁ)t 1{3%5 bé/ 9ar1ed
duGiighhie p&slamedtion@odmes n@thepivels, hichealinyaraheivh ﬂbsls;actan\be used
enters of the wafer and abrasive article. The wafer

Wlér?&rrf’ﬁ@n dinelyssipdlangelative Makgy. al so be noved in an

el l t

desi P aBlm U ol tofi SOl BRI BIELUBEAN dE e and
size bf)wgfet ban@ ablishedh@ncaitativn bhtomPdunds irdthe Sugkidlg dikpuid and the

rot tiaqn ween the wafer and abrasive article my

selggle M%’ 110 e tre)r Lisnersily)the Emepohwodying Bquid veesh(in m{q/mm)
r v,
is FIELEIRFS HEIaH SRA SEBPFIR thelr s % PRI Hbpper
embediﬁten’abthatralﬂg@ of prarking liquidrstd (ia lbhlymif) is pbout0ed er reeg
rotati onal speeds generall y are bel ow about 1,000 rpm
belgypbau 40 pP"e?VéPd%‘WV Broh@w balewiabontas§. pm or even
|l o
; o¥\§¥ : oeS ﬁbgglé%}g ﬁ'a%'ti(/e }Lfrgarcé g?gh ﬁfcghﬁ?d by the
abmasivatisledh tlee mpsade Of a workigpRduidoehich Hqﬁlﬂms sétedt&d based upon
preferably at |east about 50 rpm. or even higher such

thegomposifign of theywaier sreigcs: plmsom.e@%lma@enmbﬁ vravking liquid typically
inc @%ﬁ%agpgéo%sﬁﬁgﬁﬁéd 9%, topﬁ CFQIS%? ally are bel ow

rpm nore pre era [ ow about 500 rpm
andThewsdtirg Hqtiddidygnécsding mm’dﬁmﬁtmhwt}[ thabsBe articl®
or _nor.e pr@0e55|ng condltlons within a planarjzation

throyehechentien) msehapieah polidyingnigriss Durng the sherpicakraspmgf

polﬁﬁﬁgg E)Hr? aﬂa-)( %g{s@l n@? ggaﬁ%&?ﬁﬁ gio E@u?f 1{1?135: ?eagtr HEE HeSoudap

exposahwhiat slﬂfmh ‘Bipeahtising fthd dechaaicel patioid of probessialy s iab@sive
ticle also may be varied during the planarizatign
aﬂlﬁfﬂdﬁ@é@m%ﬁ? ks r9agprsprodyetnDyrEng ‘ihﬁ @5‘?06%‘{18 phmetghsutaces if is

el A TS ARk L P T

etchley emthsasan oxitBzihy pgera.rﬁ‘br example, chemical polishing of tungsten may

occur when an oxidizing agent in the working liquid, by itself or in combination with
other additives in the working liquid, reacts with the tungsten to form a surface layer of
oxidized tungsten. The mechanical process occurs when the abrasive article removes
this oxidized metal from the wafer surface. Alternatively, the metal may first be

removed mechanically before reacting with ingredients in the working fluid.
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si ze of wafer being polished, concentration of

conpounds in the working liquid and the sel ected CWP
w@oioreki4ng tool. Generally, the range of wor ki PQI/USZp06/640803

used (in niL/mn) is at |east about 5, at |east about

50, or even higher such as at |east about 80. In other

enbodi mrents, the range of working liquid used (in

L/ IQTW)USP@I weeine oo o agmeeus soltion thaeusludesa, vagiety of

u

TR 08 UEBIARIRREP YRR upRi e PrBur g ppegivating

agéms] Inflettﬁdmhbysubh as ebisitidnsaeal iohs|o@ coMbinatony iRl a
wor Ki qui d, which liquid is selected based upon

n
theP é%gﬁlﬁ%wuil@ﬁlg@rgemﬁ éhajaragbedngorperated ipfo gowarking fluid include

pela efg(ﬁn?ﬁib %1Sex§H§>? ,%’Pﬁmﬁbﬁm&slcb&ﬂ n‘iin%%tﬁ%ans?lznlé dpér&? ? dﬁf)’ {.IQ -0O-).

Exmples ) pén-wmlﬁ)uadsimcmae QPGB EEYpdroxide) rﬁ@rsn&btecsalty\bit atimhbﬁum
braS|ve article through a chem cal nechanica

JBm; m&lsw@eg@wpwl » QUganig pefexides sydyas dim- b@fyl perox1de |

ol i nent n
ol et DR DM i
sulflreracidst pﬁltgssﬁthﬁ ferdicyides altrip a¢ill) emhsBion PHALIRDS! éﬂ@(-es bl as
uct

abrasive article nay renove this reaction
ferpigyanidls. amEnopFuBR E35¢ K TaY. fereic apneqivm ceate, rricscltrate
So(ﬁ’lfu?ﬁ g‘%ﬁwt%)?% tetfé 1J§{en éL cq:lllﬂref‘i cﬁpﬁﬁg @&gg Y rlg §hgzﬁnate,

cuprid gliyzinaeg, (a@ﬁﬁtartrEl@I arﬁNﬁH‘Hk@ Oﬁféﬁ‘ﬁhf‘aale PadizmBiagent®hlso
t ungst en rmﬁFoccur when an oxi di zi ng agent in the

mc\mﬂemx‘%g‘mdﬁ@ h¢ hajpgens and theip ﬁaltSnSI@br@ﬁ itheealkalhmegial palist Tﬂ@qse
amaggﬂetdey&ﬁ)ehrﬁ} EDRoRI ¥ g&sbﬁ,%mm df%%&;%z%we n%lél}ﬁ,g SR

tungsten orma surface er o
Thd lamormdﬂhlsmids pylﬁcﬁmo@caimhald&imné $ich abrch$dritR, bromine, or
article renoves this oxidized netal fromthe wafer
loding 1, ﬁqu }iﬁ%sarﬁ Bendedity ong, fwoihieg) omRyr pYESE alsEns: Exprmplgs

h . . . h : |
e L (HEER08, 5360, Ay o195 RELEBL R o [,
andsthie wéspoctivelsativingdliy desed, &8 s@livm@hlogdittf®aRM chlorite, and

Suitabl e additives_incl ude conpl exi ng,

SOC@ G :htylfi\)/ esorltsf Spadayibyeming gnd dedinesanalges are kuava. sM@ﬁuras of
ox@ﬁﬁ?%égﬁeh%%l%%‘zlﬁéng&g 68 (r11)(¥n§ at% rme%_sﬁ&t ok B@teﬁ%‘rgg??%{o{he de%red

resiind. oTtee avmedsitiagiof bfiihd oxiuititg egdr@in @@mﬁ@w’lﬁiéter fifpercent by
conmpounds contalnlng at | east one peroxy

We@hbagthe ’t@a@\yd V\Egbgﬁbq STV eyl Whahsoabaesive i opedd és typlcally at
leagl g?ﬁtﬁfg ?Jagt:(c{ggg’ﬁ lu%? ﬁé‘ﬂ ﬁlgﬁer%s Eﬂ){ht%r Qﬁnb%ﬁ{sgms oxidizing
agqn&cmwledteemcﬁlus belaw about SAtbelovp acx B0%, or even lower.

The oxidation of and dissolution of the exposed, metal wafer surface can be
enhanced by the addition of metal ions to the working liquid. Metals are generally
described in Dickerson, Gray and Haight in Chemical Principles, 3rd Ed. Included in
the definition of metal are the semi-metals and transition metals. The selection of the
metal ion will depend on a variety of factors including the wafer surface to be modified,

as well as, the overall composition of the working liquid, particularly the oxidizing

agent, with particular selection within the skill of the art when guided with the present
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O her useful oxidizing agents include; cupric

chloride; ferric chloride; chromcsul furic acids;
w@owassisem ferri cyanide; nitric acid, transitiPCI/I§1086/040803

conpl exes such as ferricyanide, amoniumferric EDTA,

ferric ammoniumcitrate, ferric citrate, anmoni um

ferric oxalate, ferric nitrate, cupric citrate, cupric

disglestirgs Geneig ».IEIS@M%%%?&W% thereductioy ppieatial OféIEFpIFlP@l lon
i

lesd b 1 EuARA ol e Eifing sk Al A peduction
pottiil of Hel hetal swibbe(gseitgemadikiad,isuote tiat tlﬁ:a)lxidizmg' hgat may

.acids are described in Cotton, WI ki nson, Advanced
oxifizg e el eRén dhg metakion nay oxifize theidshizedowatengutace matrsial
TolloHBUED LG RRALEL ﬁéﬁgideﬁ‘ﬁ%ﬁa%ﬁar Rz, ehBC, e
Additionaltyhiteie preferrddonusox ygpe iat of lea@@mhéalommdtm o2+ or

hloric, aci d chl orous_aci d

higﬁ?p% ItB?toE%‘mafBi}_%t‘(’%})e m%?ﬁ]osuﬁgr%e(ﬁ)e@’p@& tni'e\‘}"@ i dhehpwvest
oxidaidrSstd Q%f fred&e?meta??cqi %Pﬂronq a%lf tHﬁl?l-!-.s?HfslégﬂeI%gg@%égH?

and so i um hypochlorite br om ne an
preagrad Sgsnetaldok fiownbeind retiuceelsto afmeixii solid ian@ pﬁagqﬁltbﬁn@hﬁ@the

e .ysed, so | on t hey nt revvltht
woilals B SEBlafing othiteine st Sutanel Binegnoghics oeramplengf useful
mefagmts ihdudaho g 8dc eerAg( i REIEeRE, MY, VB QEtMBfantdrBeo

total fluid WIthOUt rasive, eveh when’ af abrasive 1S
Themetd) idns atwtpprca]lljl' gdchtl td ﬂmsﬁorhmgdtquﬁi By addlitidreaSdrgationitid/or

. 1, or even hi I n other enb dl nts, this . .

INOFAME; Sfﬁﬁ@orﬁ@la t SFRIEPeingmetal! %ﬂ&%ﬁ@al§o@elude ferric

n1t1§fé| Ml@gﬁfé&e %91/8 sQLIFAY ef@rrbﬁ’é’\éac'état T%l?)éhgﬁhé% at cﬁ‘i@ﬂge
di ssol uti on of %e exposed er surfage can b€

silvenheetete endothe tlifre. Qdibiriatinnodf memhﬂons alss nfag behwedyso konpgis the
Ial are eral IR/ described . in Di ckerson,

selesh S Poihiian ghes 1ot HBsare Qutt F CRGIPITERI. Jgbe embodiments,

Grdu@qlaﬂgQﬁohﬁ‘IItrﬁ@caﬂ &fd it b QD @hne ga!he%[)ﬁcetn &tion of the metal ion
sem -netals and transition msta he sel ection of

in thMWOﬂﬂnghqmd ifinininio] plepead o wodkingtipeitlywithodtabtasivs, if used) is
in urface to m)dfled

typlgg y? Sasg\‘?é‘?‘ﬁpl L@Jnﬁ§§l 107 0¥ ed‘fen?‘fﬁ%‘

conBéttaieH |o§fﬂe%n$t§ﬂoﬁ¥ﬁ ﬁin'ezﬁd?ﬁx g?ﬁtﬂﬁl (iMrntb fin en gw d{fWorkmlgh

selection within the skil
llqmdmemphoels elmasive df vedy .ty iealbrizldw abatt 0L0336pbcdbwrabed (@09, or
t educti gn potentia f e netal n |less
evep ﬁ%‘ﬁeﬂt ﬁ‘éo M%ﬂgﬂw @ﬁﬁévgs ﬁmeﬁa londy ihe; ey ??b“ga&ﬂé\*ﬂ (in parts
per %Hﬂloﬁhr(ﬁ?ﬁm;”{w}laﬁ@ 11 he, %ﬁﬁdﬁ%bﬁ@ﬁ@qa GEU! ?tygifcal:l];hgtlgfﬁ Aout

surface bei ng di fied, suc
1, 2a@r20, 38ysOpri eienchighve Inedthér annimdanehts Hiis I?{Etoahtns(aﬂlema)about

1009 )I(JZSCEIZ%S, nge 09 gvselnrh?g e\rNaf o hesruernflbao%lemgr?cg et{us amount is below about

2,000, below about 1,000, below about 500, or even lower.

s well
ilaents the

The oxidation and dissolution of a metal can be enhanced by the addition of
complexing agents: ligands and/or chelating agents for the metal. These compounds
can coordinate and/or bond to the metal to increase the solubility of the metal or metal
oxides in water as generally described in Comprehensive Coordination Chemistry,

Vol. 5, Wilkinson, Gillard, McCleverty, Eds. Complexing agents often are comprised
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foll owed by re-oxidation of the reduced netal ion by

the oxidizing agent. Additionally, it is preferred to
waiz@7aswee al ion of at | east an oxidation statBCDUSD86/040803

or higher, such that, upon oxidation of the netal

surface(s) by the netal ion, the | owest oxidation

state of the reduced netal ion is no |lower than 1+.

of Flgerbond Eseup(s)yiselad uhyrepf eNimplascarbexyhie peids remainibmearboxyl

erte "SGLRE ABE ety B e Ao 8 R She Mo OBrby shae
caf®Bkylet 48N Iﬁa}ﬁﬁiave oxa '&'@ﬂb@ﬁyl%frm}]{ﬁ(@fe y |s1n|i{ﬁé HonbAMStibridg béfﬁ@xyhc

t he i ons of Cu, ,

aciyp), orgmdu@bty qfh?@rhﬁévhqc a¢1@ g Lo ;synplamyuamg%iaa earbepeylic
a01 r % lgld ﬂncq}()tn% orx?lﬁc gmdg { jgan #T;?l%r&%a%oxypg (9885 a%d

ai nrng espondiing

smﬁxe Wuﬁ&ﬂ/orﬁaédrsoxme |aU1@§ (ifeg rsﬁmplemn&drm)@hcfaefd&) CExemplary
sul fate, ferrous sulfate, ferrous acetate, ferric

sineplf srangBmctions cerbesylisracils, inalpde, &8, formrian 9@6@% drefenic, butyric,

o i, SO TEAO 000 5B b OB BhAB Y PR3l 22,
oxilfid, lmauchﬁc ,de&hyletldes tshéomlb,rglﬁt@ﬂe a@trtaaiihmss, Group |
and C}oup 1 _metals are not used. CGenerally, the

conSuieblaeddiivesthetiaaybs added gmoy wefl iethgoyacking liguighinefude

e P A BBab o 034, sl

carbOxflates,ahiof &) ald theike alsb c@lﬂé&ﬁﬁga@.ﬂb @ihﬁﬁa[alﬂﬁwe*s it may be
concentration of the netal ion in the working | |glw d

addqdtforthporkire hauidineludganidfidentate qglinalexwgtagéxytﬁ, typicaldy ve
m%{l%%gagg )ammsésta}ﬁ%' tﬁlﬂlndé(nt%)[g |0Qr‘6’ﬂ)§;ﬁ% aci Qﬁ)’ ?dbtlebl%l &ln gﬁg &) an?mes

1nd]?|f1ddmlﬁ}aénddwﬂmhé1, diétBylegd-Hiafdnd, hﬂéthﬂeﬁdtétrdﬂﬁh& Sor l@@fnblnatlons
wor ki ng_Iiquid, wthout abrasive,

(ppm wo
thqy%féd )Sult%blﬁ yipiliidantaje earbexylis acidp end/ontheir salipincinde ﬂ@@lmple

b YBPALARTY b 0T EPRELIBRL Pl MR

acido0ddneinA108e thefgd Tl Bnothat sdditivethbt sy behdiadad tetworking
2,000, bel ow about 1,000, bel ow about 500, or even

ligpighiaeluderhydrxy snbstiviedanenciivastiona rashowricacidsend sdisrihaeof.
Ex@&gﬁgf %%ﬁ P&a?ﬂgdrb{cg Q%r%xy%'l{@ d&X {%eﬁgg&‘r% ‘acld @Q”ds

ating a unds

2,3 dihy g0y popaictc adidl), glycblidtid, Qadtil@@tcmet(@g LdadtiigDelagtr, and
the solubility of the netal or netal OX|des in water

Dlahacg@ Adds) hxdr@@sbwmg agif, hyqspEHEpRIPRE ackslo meihyllestinpcid

(e. %Z—'ﬂy@%n‘% Xﬁjxrlc gCélgV% d?—?ﬁx&d %L%r%‘{g{%ra}c% %&%gmgtxcms of the
twé afonodettatg bod! pél?)ierﬁate gampxinpeipentt inchidepinging acidoxyohias

acids contain the carboxyl o )
glycine, and common analytical chelating agents such as ethylenediaminetetraacetic
acid (EDTA) and its numerous analogs. Other useful chelators or complexing agents
include, for example, polyphosphates, 1,3-diketones, aminoalcohols, aromatic
heterocyclic bases, phenols, aminophenols, oximes, Schiff bases, ascorbic acid and
similar structures, and sulfur compounds. Mixtures of the above complexing agents
also may be used, so long as they do not interfere with the desired results. The

concentration of the complexing agent in deionized water (percent by weight) is
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group, -COOH, attached to hydrogen (HCOCH) or an al kyl
group (RCOOH). Sinple carboxylic acids may have one
W@ 2000050409 group (i.e., sinple nonofunctional cBCDUK2006/¢40803
acids) or a plurality of carboxylic acid groups (i.e.,
sinmple multifunctional carboxylic acids), e.g., sinple
di functignal carboxylic acids (i.e., sinple. .
sl o seshepeu I G2 SPw ek, 1 ictheE epgiments,this amount
is BRI At 26, Biiiabdis 1. or SERRI,! 1 carboxylic aci ds).
Exenpl ary si npl e nonof unct’i onal " car boxyl i ¢ aci ds
i ncThelegmpleging afentsimay alodmpegvepolution siabilit oy achy and

. ...sqbutyrjc acids. Exenplary sinple difunctional . i
inkibiipg eSiier dpaeosifier Gepsed b gre megrlippgin tﬁawﬁlﬂeg liquid. This
: i . o . .
o AR poSREHH for b6 TyaRian BEORIE el i
thewxiddzargn thequorliinigrsiuidd eWivem o deajdrity ef dermphmtéxing agpanisSelected
6 such as anmmoni a, am nes, gﬁﬁédes, ps udohg{id S,
ropk HBYIR MPRYUNGligral aswRple Sibngieaal Aoi 2gpk Sesaly A @
cothbiaisSthelebh 8e AR raﬂ'&%c&ﬁlﬁ%fd X%Jh% t@&gﬁﬂjiqﬁﬁ éM'aﬁMm
wor ki ng I'iquid 1 nclude multidentate conplexing agents,
presgup i thielcpmpuosition etrivdd be atrfeases to dyateferdbiy geateathan 3 to 1, more
preé%{a@?é | I{ﬁcr: g?ﬁcr:llnégc?r' %%gllt, Ea lgﬁsgrrrrtuql, efniajl?ﬁe 't ?rtlt(sa g?ergterr] ?}?anl lr(])% lffj%ne
prefditedlid G0 8 hiIE Ao MRiwh 159011 AaL0ERS 1 ¢ @?ﬁdp? Utios can be used
Sui tabl®e multidentate carboxylic acids and/or their
withathes a¢ids bushitst ke sbavplratiai coaetymnylitd @ camipléximpesent thatchas
abov citric acid, tartaric acjd, g% uconj c %Ci d,

froR 8 okt GPme e ERecited PerBolBriat | el of gprgpleging sites
perﬁﬁ&}e&dlé’ f’h&e%%s, R YatRf sﬁgﬁ@%etaﬁgfsga cﬁﬁé%ﬁioﬁginkiyg%ﬂvgr to account

i ncl ude hydroxy substituted no functional “carboxylic
for glesi igheamdmbat ofconipdexing sitdix &hmixaurgs obeorfiplaxing agaits are used,

thephi 6 R o sofeutol taped Gt @ htelomalr a o smileing
age%ish?&eﬁ@ 19 mixthrds %ﬂﬂegal i(g?islhaé'% bdef; th@Rglidbe M@Mﬁl&h@&lh ¥R

oxy- but anoi ¢ aci d, 3-hydroxypropi oni c aci
calgrdathg bisad ph ¢heatotad n{odesgpf all 2ndtyldpscyresamb UA ynaj oriyaifdpmplesting

4- di i id. nbi ' f th
agof R SHGLRL D81 abe R 8T CORBIFORE AECHgEr AnRERue
em@dﬂifli!l@ntﬁ,cit UshsBatobt 66 Ml it g/rﬁtggﬁe)c TR 25wk nGfdk of the

chel ating agents such as eth di am net et raaceti c
simptsi abid @Tpleacill Jaltds nseder ous anal ogs. Ot her usef ul

chelat.ors or, c exi n ent.s .i.ncl ude, for__ex le,. .

mol JENES Fi e Sd0 & thF Refgre Lavidrs Hdiel dhohis g Pbm gt iate
pH RBAREOE¥H hfoPaF&fon RHRMLS waRFhRIBNGERRlRice AhEBE of the

Schitf bases, ascorbic acid and
deionized water depending on the source. The pH can have a significant effect on the
nature of the tungsten surface, and the tungsten removal rate. The most preferred
buffers are compatible with semiconductor, post-CMP cleaning needs as well as having
reduced potential impurities such as alkali metals. In addition, the presently preferred
buffers can be adjusted to span the pH range from acidic to near-neutral to basic.
Polyprotic acids act as buffers, and when fully or partially neutralized with ammonium

hydroxide to make ammonium salts, they are representative examples including

systems of phosphoric acid-ammonium phosphate; polyphosphoric acid-ammonium
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simlar structures, and sul fur conpounds. M xtures of

t he above conpl exi ng agents al so may be used, so | ong
wW@soorksosodo not interfere with the desired reseCT/BES20061@40803

concentration of the conpl exing agent in deionized

wat er (percent by weight) istypically at |east about

0.002 2, or eyen higher. In other. enfjodi nents,
poly DBt bPRC B BUNATER (SHRDORE; HRFia BYHRMIONIER even
pertfifBlic, Difer SO WIS CHEA® e dUC R4 T AY Cortpldif sl
partieu:larlpdm ammmmmmhd Thiy ahdhpolppitodit pratolytesand beivialtki ng

[ H Thi s .can eof particul ar inmportance if, a .

espﬁ@% ¥ PRIV SE %@réri’r?fé‘ff%@( Heese gray dnglnd @nmpaivpign buffer
sys@RBAE] of TheltbBo W l ésqégi ?f witlif 'ﬂa@e é.fE}éﬁf b/ pid gltegt%r

conpl exi ng agent cte roma
thantnadpartict dcad) glutarmcsalcrm histidinE Ugsiheé, cnnghuﬁpanmthmes@lsteme

t hereo or .a conbi nation thereof, the nole ratio of

YIQRRy PRY FHEOS Nt to netal ions (Me/ My present in the
co ”Qeﬁb&bﬁ ﬁ)h%lﬂ)% ﬂ)r Bttt aﬁe%ﬁ?vn.rl ggF eampit, %@Eﬁq{)ﬂlbﬁorg for

greater t 1, nore prefe y greater than
coppet mclde zbanizatmazsmmdetmiedvms &ngwrat arold baivaliOes such.as

e eferred an e is anple ratjo hetween 15 to 1
tolﬁﬁzg%o Oppe 1s 1 B JORREVHARDASSIVAISA P DTS ORIk, cspecially

at Iﬁ:ﬁ‘crglsor%ﬂ(ﬁ? |afk§hneT f(g'}ﬁ #p d’cﬁtlérﬂg)hQ%hg@E LRSROOA i %‘p{%lvaim
conpl exi ng” agent that has fromone to four conplexin
agesis, eschps userbineouatiegs fohenc aﬂitbstenlnhmlud)ﬁg e papiexihgagent in the

OMI G RPR BIUTHAPGR §1 § Bk Syigecs debistin FoHgiiah the
aerél(?’@ﬁerB%%%eof)r ide véwgea'}l etéHanf lx(%vé I'm.’l ¥ much

conpl exing agents are use tio o
0X1tlmrrgaigeuﬂ m&cﬂsﬂwﬁhsﬂmﬂemsddmembmfacﬂer$Xa1’hp]alo|f a passivating

eX| n ge resent. |If mx s of nmetal _ions
agear %‘?ﬁng%‘%e (5’;‘91’ gasgfva%a W&%@Lﬁe@@ Feciflsisess Ty Corrosion
I a r A
of ©FRRA, 1M, ue Thl RlioBi eI o M58 2nd BAURLES e o
passivaetingageint will @endi icarpbfatke depied @linatizaidn criteriqe®., cut rate
nts, st ,about 60 nol e percent (nmol %
surfudp ity AMeLereHEp) o Dot (AL SesHin Or Sichmegrb sl Sebdputh
n
R e e o L e ety L-3.5-
dinfetlydpyrazioe, qoidowslien pﬁmdmirrei, pﬁemm,tgmtammﬂiec(reddcéd),ethmphene,

th H f d d
el Rl B i BB PG By GoSH BT (RGP Gilae
nat 'Fﬁeewefklﬁé"ﬁqdl&‘ BRI LER C%Hfairﬁ&ﬁer dﬁ&lﬂn’e? Sudn 981 ERants, wetting

removal rate. The host prefe
agents, buffers, lubricants, soaps, and the like. These additives are chosen to provide

the desired benefit without damaging the underlying semiconductor wafer surface. For
example, a lubricant may be included in the working liquid in a fixed abrasive process
to reduce friction between the abrasive article and the semiconductor wafer surface
during planarization.”

Inorganic particulates may also be included in the working liquid. These
inorganic particulates may aid in the cut rate. Examples of such inorganic particulates

include: alumina, silica, zirconia, calcium carbonate, chromia, ceria, cerium salts (e.g.,
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buffers are conpatible with sem conductor, post-CW
cl eani ng needs as well as having reduced potenti al
WO pansiades such as alkali netals. In additi onPCT/082006/040803
presently preferred buffers can be adjusted to span
the pH range fromacidic to near-neutral to basic.
Pol yprotic acids act as buffers, and when full
CerbpTHiEALe)y Haet: siliFaios andyiitapiuam Aioridgm Iy @rmg@ear{ igle m@f

the?gng%&ﬁn gﬁ‘%lé,flateé Ql%?ﬂda% eleg etﬂgl? e ‘rilg)'oa mrgn??r}ﬁw ,%%eferably less

or C acCl
thmprmmmmbmhmnh@re@efa@bgr lessha sbauebyphAashaie;

the boric aci d-amoni umtetraborate; boric

aci dMBRRERPUHFeteE B85 arddediorbe wetking hqwdihe p@sgnﬂy

par [ cuﬁq{a@y&l{%%@gﬁ%@ﬁ% Eﬁskgl ;f tn’?o.]:ga%é gﬁggﬁlgqeypr N éSe

abipsot hiticks vaiich 4rb @br assadidted witbpReatahdive irficlea PRErBiabIy, the
salts, are preferred These may i ncl ude anmoni um i on

Wopking dauisheoniaing lpsdban B bWWéelglar PisikraRly ﬂﬂseﬂt@n;@r 188 by arsight
an®n WNEORY el?tger ?@ﬁl}efqurﬁ?f @W&?i@h {no}géﬁp: 5‘pau‘tlculaltes

aspartic acr c ac I'ne
ar gilimssiae emb@dhhi&ht@ﬁthe Gys&hebmprovides @%hélﬁlcaﬁﬂﬁéc}@ﬁiéﬁspdlﬁhlng
Corrosion inhibitors for netals are known. For

sysisin spmprising gifxgd abigpive P@‘b?@d 3 polishigremposiion geetul for

RO 5L S0 S5 SRR, SR s o

wakee; &Dowa iy age:sl:;?avahpléxim ageity abmersl 1das; \&H@@ﬁlvﬁieln)th@t
neutral or mldly alkaline pH In additiaon, phosphates
cogpleX g ARRNT if, aﬁ%@? penphgctionah prsimpleifunstionsd @oidier salt
{ t
thef O S0Ie flio G BB BB o R IR o PATRL NN ROt cas
3 toéf ald \shrerrémctbe moktuneds smﬁstahﬂllllﬁﬁbe o dtadiiepaatielas i M&ome

frompremature, qQr excessive renoval by an etchant or

asn?eﬁt thi) syRism insepplisd jagip ity mdpmpenent sysigre vithra without
a

BRI P B SV LGS e O L o ABARALUR
sefarat¢ &dmi the bt haissad theTﬁib&thszﬁ&l pad vatil erlag bstimEiofiuse or

and Their Alloys, (1971 pp. 119-123. The anmount and
unwgepelrshprs%@?%tomﬁgqla@éme WrmosiigBend in part of the

desi 1@ hé fifdlal 915} £6 ik S§ﬂt?ct 1 sol&t I 15 M1fed {o the gH of

sur ace In's and p anar | assi va I'ng agents, or
theesohitiongs MrehldSItheJeEISctrdaB@ﬁirthl thélhlal oGS hestall ot éb(ﬁhple at pH

4- et hyl - 2- oxazol i ne-4-neth

grogten t}@nta,bp“ték ﬁty}glgt)ep dends o cqrc&eh yﬁt_a:pHJ'< 4, a self-passivating tungsten
I

R

tungsten pdleshntgg hrasrpfeeerreﬂotb hatd @pHdEom bBdut A3 foyl, niddé prefisrably at

ul fj
least a%out 1, or at least about 1.5. In other embodiments, a preferred pH is below

about 5, below about 3 or even lower. The nature of the surface being modified, e.g.,
metal or metal oxide, also can have a significant effect on the action of the abrasive
pad. Thus, the CMP polishing system, i.e., the polishing pad and polishing solution,
must be optimized together to obtain the most desirable results. If a fixed abrasive pad
is used, selection of the abrasive particle may be dependent on the nature of the

polishing solution, for example the solution pH. Generally, it is desirable for the fixed
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The working liquid may al so contain other additives
such as surfactants, wetting agents, buffers,
wo pdriosand s, soaps, and the |ike. These additi REBUS2086/040803
chosen to provide the desired benefit w thout damagi ng
t he underlying sem conduct or wafer surface. For
a lupricant nmay be included in the working

abllaﬁléfﬁ Pah?hmgam todg Séﬂ?}ealeua%e%lﬁ selutians e takeeontised pon
&Sﬁe‘f’@ﬁgs&gﬂo gﬁﬁlg\r:lgr @?t%f &11 %oH&e b%%&%fectto%e polishing
er surface duri anarlza ion. T norgani

solption tccmbxitége paahlifal so be included in the wor k| ng
' i¢c particulates may aid in the

liquid. These, jnorgan
cut %ﬁ@@ou%gﬁm ‘é@qemg Sepein proferpblaris wfﬁsl@m tewpichingie removal
of hﬁf:a.ll WF et R bAL ABposhib Iﬁ’oﬁ‘?thfe ?ﬁlrfé(:c%n 'Ilfi‘maﬁ? leﬁl'bg AP 8‘&3% f
roma, ceria, ceriumsa raf

sufffieieneliquid iffoine thiedasic anakihg liguidum i the dﬂﬁmléﬁﬂl etchélrﬁf ag6ther
m@artlcle si ze of these inorganic particulates shoul d

adimeats, {tinprefastdito havppseaprd iqwdpresprict g}eaﬁwn%tsogl

infaf2R iR R0 BERAS ke 1L, PSR SABG LEREe |
com;idtmhtst dsd ised wotheifirgt liquirljiafd ittcae bperbent differenef er r ed

workjng liquid is rc,ubstantlally free of inorganic
par Goaimereially agailgble tnpgsien shyyrigswith Tﬂ?ﬁ@bﬁaéll‘@@aﬂﬁl Ferppeed,
I
o e ST U A ALORAR APLYS AT g LGS A
CM)P eﬁtﬁrf&&eldmbf&ﬁzs polighing pdd¥ @xampleg lolf smlhdslurﬂeSSmﬂElde

MGRPEELR MU SOES S M B0 T3 ER oA Cap3oosm
frol{ ﬁbﬁ@%@lo%@ﬂ?}(xg t J&ﬁi?:' "Fe%hxa&8%1§§@eﬂﬁ S%X%E@WVZOOO and

conpri sing S|ve pa a polr
W25 dosn Oabast Mmecﬁald:ctffomcs . 31id TSV B100fSeeies Sfun&esvmﬁer

S EuAOTEES s FRTPEL TR B2l s e
e e e

rem@letthds diraged partibles frofrethe adtnmendialchapl w\x laﬂgkﬂgﬁmtneﬂ@d One
present inthe liquidis at |east

on
Su%aetim% Fedfliering dhe uruch & WA maRPS F‘P%Wlb%bel@w tn e
B, MRt o DBl RO PR F0h bok b VbR B
fortmﬁbchbju bdding selentéd Wnﬁklrig)ﬂuld $emp6mﬂ1ts ds deadritied apowyi ded
such, that the o % age remai ns separate from

¢ heCraerally.iibirelied fhat e pelihing s P zeRpestemat a
reaSGHabR rafel {ﬁﬁtlﬁﬁlgﬂﬁ gréférlr%&ﬁ%tjho& i Rdd ABia8Ye OPLY AhbRSh cMPp

requires
is to have a substantially abras1ve free polishing solution, it is believed that small

quantities of an appropriaté abrasive could be added to the abrasive free polishing fluid,
or left in the fluid when removing much of the abrasive, while obtaining useful results.
Using the FA approach in other CMP systems provides low dishing and low
erosion. Both results have been demonstrated using FA tungsten CMP as well.
Tungsten removal rates of up to 5,000 A/min can be obtained, depending on process
conditions (see the Examples below for further guidance). The removal rates are well

within the range of those required for acceptable wafer throughput. Additionally, when
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The nature of the metal surface in contact with a

solution is related to the pH of the solution as well
w@soovkso4ed ect r ocheni cal potential of the metal PCFHUS2006/040803

exanpl e at pH greater than about 4, tungsten tends to

corrode. At a pH < 4, a self-passivating tungsten

oxi de coating is formed Thus, the pH of the polishing

patégsn S gatesnsrrrining ot Bheon Eude andrldgonmitside regipnigverst
T T

ex@hplery veoiing flodtsilicon oxidf @€ Iséiton Hitride hhoval AkgUerdboth
bel ow about. 3 or even |ower. The nature of the_ surface

abgyi;2 ngwl? It very high tyrasien/sicomeride agd tengstenfsilicon aride
\Y t

ra’[a%‘r %é@ggé}ggf dz[rfd_clfﬂﬂt ra&% R@?%%B%{?ﬁ%@? r%&{sgl)}l% i ﬁﬁ‘s exgerlment

thetH'}Q ap@bachhiapidlyp@ehozadl theOli TN 1ager a9 Hettinined ff’dﬁnt thb €ungsten

ptimzed together to obtain the nost desirable

thl?@ﬁﬁ qngl tote} pRlishitieady abrasi ve pad i s used, selection of

t he r l. r
B AT L R R R L

abnakive &iem&sablbyects dndi aslvaiﬁsgds alfttds inventidrearé fvd@dalinsshtee by the
ol.i shi ng g to be stable in aqueous solutions, i

fol oawage@é%% wthe parsisnippmaterialssnd prernts dhargef tsited lbyhese

oL 05 NG 0RP OOl s e AR SO

lmhhlhlsmvénltmg liquid preferably is sufficient to aid in
the renoval of nmetal or netal oxide deposits fromthe
surface. In nmany enbodi nExamplds ldshere is sufficient

liquid fromthe basic vvorklgfq qui d and/or_the
cheMydeger peteivle. dasaribadns30 nﬁowlembhtnswatm GMOS™, stabilized,

eferredtoh second at. the
and FERPELph G SR BreSEEORE onlaiidi ol 73° BB pifson of
Mamﬁdktcrw Hak&ulrﬁz PiliMissbe@c NI ahd Qb foR BthieRGisé R cified, materials
conponent s also used in the first liquid, and it can

aretperaidabl fremychainidab paply hausesrsndi asl Sigmavidiltielblec. $ingetiaMO.
slurries, with the abrasive particles renoved, are
Mayjeriplived to be useful as a substantiall y abrasive free
pol i shln soJution for tungsten CMP with fixed
abr 3f1V€hi ng pads. Exanpl es of such slurries
I nc aovB1 p
cwp%?%%‘?- O RSt g etk @100 R na
MWRdat ﬁom' tbe IHE ﬁfnnnipa@r €3, PagVINppersesed) Baf0fdedabtasives had a

YB3 oM Gabol | e Carp.: W 500
i R e R Y rhr?egglg?fr@w&%m
hafig'a HBBR: (FaB6hI ¥ Vufi MRS RS a1t ot HEiRE RRntical, having a

length of about 125 pm, and included alumina abrasive. The fixed abrasive sheets were

laminated to 20/90 sub-pads (a foam sheet on a polycarbonate sheet available from 3M
Company) using a pressure-sensitive adhesive (available as 9671 from 3M).

Wafers

Eight inch (200mm) diameter, blanket tungsten wafers, were obtained from
Ramco Technology, Inc. (Los Altos, CA). The wafers were single crystal silicon coated
with the following layers in order from the surface of the silicon: about 500 nm

(5,000A) tetraethylorthosilicate (TEOS), about 15 nm (150A) titanium, about 10 nm
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may be, or may becone, available with few or no

abrasive particles. O, one can renpove the abrasive
wasriosi4es fromthe commercial slurry via any REDUS2006/040803

met hod. One such nmethod is filtering the slurry, such

as via the nethod described below in the Exanples. In

anot her enbodi nent, such a slurry |liquid base can be
(100RYltifanéeh oitride ahd fbad 8b¢ nad@i000A3 eV(bumgsiemAkldmgnﬂIWﬂf@tS

component s as, descr.j be

of q@méﬁrebqa@dwffrﬁ abtatnﬁé pr a»fffsovg% SPERTEBRUGA G pelsan Tose, CA)
Elg&}E{}%ﬁg?a?h | xe SI T eﬂ ?51% wAtkisRAHDE BIPRsh %ﬂeﬂﬁask

tungsten CWP is have
w1th01auh&hﬂ3nttnaltﬂrys wbn’eqmlmhasefdrfe@n ﬂi@lmcs menlgl@l%wt"fmaﬁﬁm

IS belj dthat q f propriate
walgts e | ouies Beichiree fpoh - VS i FRRLSRCI TR (pd)
r Withquhen B&EEQS‘O'O% Iod0.0fcvbe
tltagtl gb?/&e“ovﬁﬁpdo ?giﬁlﬁ%ghﬁgeful ar esul ts. {Glsjl ng 't he FA
tunggpm.oach in other CMP systens provides | ow di shing and
| ow _erqsion.. Both results have been denonstrated using
FA ahijg%ﬁolempn&s wel | . Tungsten renoval rates of up
! 1)QR4i8 WRGnixde REMARG A5 BleRE ¢85
cong I on t?/dfgglgﬁ g?%()an'p l'es bell ow for furlt%ke ¢
spegifieddneach Exﬁhqalas)ebpwtatmg dheelution with & Teflomcontechmagnetigetic
hose, re ed for gcce abl e waf er throughput.
barAH’G‘ﬁP?IBPu]STeI SSO @Hﬂ?ﬂst waf ers cont ai ni ng both

T (}+ X|de and silicon nltrlde regi ons were
esfdirog e?Jnder the identical polishing conditions

usi ?%g%v g@@he@é i%ﬁh an exenplary working fluid,

sil s Snd |con nitride renoval rates were

bot Reﬂié%l.trat% v@dsmanulayfideda}ddd‘n@nnmhg tHel dhlange in thickness of the layer
tungsten/silicon oxide and tungsten/silicon nitri

beipg pphshed Ajoph g dpitial thigkgessiapd the faral {icknesy for eight ilngl‘? diameter

R R

Mehpir Taol @(dreﬂérwﬂd?@nt]ﬂ{@meﬁﬁg,tlhc ckopatingr@A). Gighty-one point
polish tine. This invention is useful in sem conductor
dlam@ﬁcﬁsaﬂﬁﬁ TR PEP §XlASIon e PRIy eGhr asi ve arti cl es.

i nvention are further
|II % ?Bg @{iil\f@ﬁ,ﬁﬁfﬁ% %%liﬁgﬁ@lxanpl es, but the
par Pbﬁ:ehtafzamﬁﬁcﬁr mﬁf@mﬁnydwar&ewmhmeﬂmgroamhlanag itheesdaridard
t hese exanples, as well as other, co

ns and
deviation ofsthe ghangr in Hirkogs Qifélf*l’s]la?"éfél‘?“%gd’qiﬁ 31 RojrHs pn fhgjsurface
of lth%\@eﬂ%lj (919 obt%@m&ﬁ?the Removal Rate Determination), dividing the standard

deviation by the average of the changes in thickness of the layer being polished, and

multiplying the value obtained by 100 so results are reported as percentage.
Hydrogen Peroxide Concentration Determination
Hydrogen peroxide concentration was determined by use of peroxide test strips
(EM Quant® Peroxide test strips manufactured by EM Science, a Division of EM
Industries, Inc., Gibbstown, NJ). The general test procedure described on the test strip
container was employed. When applicable, the working liquids were diluted with DI

water to the appropriate concentration range detectible by the test strips. The dilution
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Hydr ogen peroxi de, described as 30% by weight in
water, CMOS', stabilized, and ferric ammoniumcitrate

W@ guogesipoaer e obtained fromJ. T. Baker (a di vi B¢DOSWH6/040803
Mal | i nckrodt Baker, Inc. Phillipsburg, NJ), and where
not otherw se specified, materials are avail able from
chem cal supply houses, such as Sigma-Aldrich, Inc.,

factir wak thenstakdvintoMeteurit &b detBiminelthalamesint efshydoggearpefadide
CWP fixed aprasive discs avail able as M56100 ( MARG6)

Dregeid IMARRISADIE- £ r om t he 3M Conpany (St. Paul, M\) were
USeghen Ii’oiikﬁ‘iﬁgrﬁpééaﬁ%’es had a "T63" geonetry, a

t hr ee- di nensi on I xed abrasive having three-sided
pyr Adfels weaw polished heng hIMIRR 4 B4A Chanical-MschaniaahPelisdéng

SySte (o eretalsuhec B i Gy B RyBoert REe] EEG1 28N
To@m%a%cmsgiés,W.ﬁsdc%aﬁ&,@a)t Fo? (R/Ii%_p%ﬁbhiﬁg,cbspcﬁ@h'l\r;lg

sheet on~a polycarbonate sheet available from 3
pad;@0pache} inudiamgtea (8 & sm)veasdamiiateil e thedtiatsi ofthe polishing tool

. i | f . Ei i
wilshlauar 0 PO Shfleserted AReTon Pl g Hih BOsmiC e o
deioRIZE® gliﬁ gfhgé}'feﬂyo se'cBﬁdsl Al QB nditibASH byPlishibBavare §rfsr 3-8

wer e crystal silicon coated wth the foll ow ng

miisugysaatsa platen spked of 1 Ohrirhe surérapeedost Ohems and & palisharspo ut
0 50 t raethyl opt hosi | i .
oS S0 920 S oD T b e oo
TIPAN dafifer @04 t@&?f&anf%gg 1208 nfeRtNneow ke BYMAG IPRscals (kPa)

ditional watfers of Simlar build were obtained from
(4.5 Ipeir)]gglpi kBa;(ssmi)ggrh ddtad@. 5@si)prespestimelyoPed brak-in Baght
i nc I anmet.er i . t.t ith
confin a1 S0 Pk D CRbSE Bt Gty
coﬁ%@@%@ﬁ%@%{o&ﬁﬁ@n@@@meﬂ-ﬁq{yﬂ%g@ﬁ Yerok[¥R aRadah @ight-Wetheligmeter Cu

ow ng wafer l"ayers: 400nm (4, 000A) PETECS,
diseloo atblabkentomgstdrbaaler(s) dralrny wpe abHhedog@mented oggyn polishing

titani i tride, and. about 600 ,
solifigiot ARet Beg o P e SORS G e oy opn FEiniesdd 50
i/l FWHOSE RS pBi Wekr WhRsObtheRwisd Bt &TinGRE Specife example,

specified i n each Exanple), by stirring the solution
pravessceadifehb for-tongsteadvafegpeishingsyere as follows: membrane pressure

27.6 kPa (4.0 psi), retaining ring pressure 34.5 kPa (5.0 psi), inner tube pressure 41.4
kPa (6.0 psi), platen speed 79 rpm, carrier speed 101 rpm using a slotted retaining ring
and polishing solution delivery arm in the lock position with an MWR66 polishing pad.
Comparative Examples CE-1 through CE-6 and Examples 1 through 6 were polished
on the Mirra 3400.

For EPO112 polishing, a MWR66 polishing pad, 22.5” diameter, was laminated
to the platen of the polishing tool with a layer of PSA as described above. The pad was
rinsed with deionized (DI) water for 10 seconds. Pad break-in was conducted by
polishing 8 tungsten blanket wafers for 1 minute each at a platen speed of 79 rpm, a
carrier speed of 101 rpm, a top ring pressure of 41.4 kPa (6.0 psi), a back side pressure
of 27.6 kPa (4.0 psi) and a polishing solution flow rate of 150 mL/min. The break-in
polishing solution contained 95.854% DI water, 4.066% hydrogen peroxide and
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bar until conplete dissolution was observed. Test

Procedures Renoval Rate determ nation Renoval rate was
w@ adocis@ved by determ ning the change in thi ckperESwH6/040803

the | ayer being polished fromthe initial thickness

and the final thickness. For eight inch dianeter

waf ers, thickness neasurenents were taken with a

0. Oﬂé%l\falplcmndmpml aifratp fyben) Ré& fiompisl brgakrirs prqoepscpaditions for all

g A B Eve crsesyor sSKRMELRE i desefistl LRG0
ba&mépf@ﬂurevw SkPINONO b3, poiteH dpked?9 gfrﬁn dadidr@Peddelnd epin with a

waf er non-uniformty wasS detern ne cal cul ati ng the

solstiemlew datd ef i 31 nﬁ&v‘mnf Fheepolinking interpastl kR §r Glanknaters
anc{/\g%é?ut i ggtge%ln :\’%‘ 1. @Pﬁugﬁrg 1¥§eEQam le %aﬁuf {h%:tfgh%E L} tﬂ Gnd

Ex&BpIes mtmhglpm wefl polidhéiusifiethistasted.d devi ation by the
aver age of "the changes in thickness of the |ayer being

pol Kejiedlishangisotutian prrgihetgrstand tungsiga biaskel welgr pgliskong r§%ﬂt5 '
are%ﬁﬁ%’llléa%fngr e.gﬂﬁﬁ C?l?ﬂl]ﬁ%t Ogéﬁﬁgt qgfecm 1":‘%8.5 P e(%nggﬁ&ﬁbﬁi %‘atlo

dr ogeh par oxi

of MBS ¥RES@AP] eQii‘lg"é@éntd@h%léE' dTesbtil ot §Ethe boReiaxsadetidre@ic/Mm),
strips ( Quant(r) Peroxide test strips nanufactured

hydrpg@ENpesexida cencentraion; tingstemvafanremenad rate ard wafes non-
]g bb town, NJ). The general test procedure descri bed
un é test strip container was enployed. Wen
a Iéfable the working liquids were diluted with DI
Ex3itipl
ef to the appropriate concentration range

det @Shékﬁhgs&ﬁuw%%%% DF Wate?97 ol hgrilinhioh M é‘l@ﬂa&f(gi/&ﬁ)

then t I nt o account det'ef m ne t he anmount
13515 g 80Yaiwtp iy dooigehe pgoEide. niThe thw@ ) rTMresamE@s@patammg ferric

PollshlngPoc%g% fers oI| hedU| Cﬁé 5
ARG dheoles of psta & ﬁsegyyﬁaﬁafxgag? gyed ona
welf ot fipof shdifin e 3E ﬁ&éf?ﬁfﬁ% RIS, NORRles of
cor‘ﬁptexmgmg’ent pr&ant wﬁxercalvhlateai haed:d whiba gﬁsumm@hlthfﬁ |ﬂ|-’fﬁgW913bt

i nches i.n di aneter %ggg tglnatedto §1

ffaﬁ‘il%ﬁ Igpte doquptseant 8 R Pcwttrﬁpfssﬁf%sy f IEFITPER Possible
amPERCSH REHi BN RexihP GeBRPrddBs. NiheWaRE SR sbhiR&A6 10iveh]

depending on the amount of ammonium ion in the compound.
Example 2

Polishing Solution: 859.5 g DI water, 5.0g of a solution comprised of 6.66g
ferric ammonium citrate (green) and 993.34g DI Water, 135.5g 30% (wt.) hydrogen

peroxide.
Example 3

Polishing Solution: 1,863.7 g DI water, 0.80g ferric ammonium citrate (green),

135.5g 30% (wt.) hydrogen peroxide. The pH was 4.8.
Example 4

Polishing Solution: 1,592.7 g DI water, 0.80g ferric ammonium citrate (green),

406.5g 30% (wt.) hydrogen peroxide. The pH was 4.9.
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deioni zed (D) water for 10 seconds and conditioned by

pol i shing wafer(s) for 3-8 mnutes at a platen speed
wW@B00103040pm a carrier speed of 99 rpm and a POI/USIV06IGH0803

solution flow rate of 120 niL/mn. During this polish

the pressures applied to the TITAN carrier inner tube,

retaining ring and nenbrane were 31.0 kil opascal s

Exaﬁrﬁﬁ@’o‘ (4.5 psi), 34.5 kPa (5.0 psi), 31.0 kPa (4.5
psi), respectively. Pad break-in was conducted wth
ei thwishieP Solutibnpbb26.Rg B vetdrs 2.23m2-hardugiy isobuyre aid.3100g of

a soIB ORI b 8T 8L W A e rogh St vl 2978 30%
(mmgégﬁﬁg%%é%@gﬁkﬁ@h&?ﬁqhggaggnd any one of the :

tungsten polishing solutions. After pad

Exdihgiele i n, polishing was conducted at a solution flow
xra@g of 150 nmL/m n for 60 seconds per wafer. Unl ess

ot hegliwh®e Suditke: B/a5L0g Dipetérf 0.62¢ kamgllb nitpate cesaydrate,

condi tions for tungsten wafer gPIishing re as o 267
4.4$g32—|hmdsmymwg¢1@m%r%§gépé) OvE.) gy diogen H.@%i )¢ ptl was 2.0/

retaining ring pressure 34.5 kPa (5.0 psi), inner tube
Comparafiye @“11’1&(%?’3 (6.0 psi), platen speed 79 rpm

carrier.speed. 101 rpm.usi. 1N K i ni '
b ieaTd o s e are ey 280G eV E i peroldie
Polﬁgﬁf tp N3 NP MOBRE & dR@ltionki remPrade pfessmas R0IkPe (4.5 psi),
ar%pl es CE-1 through CE-6 and Exanples 1 throu%h ?
retaissing ripg Ipresked 63 IKhae(9 M pshainea0igbe pesssuEpey.-14pa (9.0 psi), platen

| ishing, a olishin ad D" @l .

spePd b ARG o SR oA Bh TP eh G SH ARl B
pollsﬁﬂl%rsoﬁftioﬁ_%@li QRS G hAPskned @3tutiohtie dplavbravbontod ithesyed approx.

Wt deionized (D) water for 10 seconds. Pad br ak-lr}
1.266@s5 crorfddel.@ thehy frpwl padisenigr) sThis syarmpls shownibat hl&h&@ﬁ? 0

1 m nut h at | at 4

hydgeensroaogn Brento PR e S ey LR Renbiter,
coxhlg&heﬁ@-oqtlﬁésfn}/entﬁ)n%@%séﬁtde_ pressure of 27.6 IcPa (4.0

psi) and a polishing solution flow rate of 150 niL/m n.

Coﬂiﬁrbﬁﬁagxﬁ,ﬁBME&hi ng sol ution contained 95.854% DI

wat er, 4.066% hydrogen peroxi de and0. 080% ferric
ammpelighingSolutioe 2 F0eeR) watkf,t160 giseh GHpaitatenonghyslatgs The
conditions for all tungsten wafer polishing exanples

PHWssel - 2% follows: top ring pressure 27.6 kPa (4.0 psi),

back sid ress 17.3 kPa (2.0 psi), platen speed 79
Copmﬁraﬁﬁ?ﬁ?‘g‘i"l’i"pég% 101 rpmwith a solution flow rate

o b o B MBI e M s,
13500PAR.) HPdbXeRresdECET fle el 37 ICEHdwdyearibe rapid
decomposition of the hydrogen peroxide prevented tungsten wafer polishing.
Comparative Example CE-4

Polishing Solution: 3,500 g DI water, 538.5 g 30% (wt.) hydrogen peroxide.
Comparative Example CE-§

Polishing Solution: 922.5 g DI water, 7.9 g ferric ammonium citrate (green).

The pH was 4.6.
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Exanpl es 7 through 10 were polished using this nethod.

Key polishing solution paraneters and tungsten bl anket
wowrdoe05@@ed | shing results are sunmari zed i n TabP@I/11S2006/040803

i ncludi ng: polishing solution netal ion concentration,

ratio of noles of conplexing agent to noles of netal

ion in the polishing solution (Me/ M1, hydrogen
CoppaetivdExaande@B-6at i on, tungsten wafer renoval rate

and wafer nonuniformty. Exan]i)l e 1 Polishing Sol ution:
85 @ dishinpISohetionr $567g DY Waitary 3.¢4 gten{) pgetate pakydrous (CAS

, 138, 30% ( wt,. ) ~hyd '
oo homeAs SRl cRARAISD R Gy Epfott
perGilid. af e SIIRRENA0. tHGydVet, B @bidiahpbditioshe hydrogere
cal cul at'ed based on a weight fraction of iron in the

percadppemented tudgsisn WwEEY peh®inEabl e bel ow, the nol es of

conpl exi ng aﬁgnt Eresent wer e cal cul ated based on the
Comparatptei BxamplaCEfle wei ght fraction of citrate ion

present  was 0, 85, C itr e t he .maxi num . .
oSBT IBhIBE SR 3756 BN el D g e F b Bide, with
H-g% val ue coul d be sonewhat | ower, depending on the
P2 3hount of ammmniumion in the conpound. Exanple 2

COE@I&;@J@MM@QQ: 859.5 g DI water, 5.0g of a

sol ution conprised of 6.66g ferric amoniumcitrate
( 9r PEIRhiRELIAH: 3200, Dk Diaves, 9235 By @0%yifotutyric acid, 271 g
hydr ogen peroxi de. Exanple 3 Polishing Sol ution:

30% (g6 3hydrgzem pepertide. | The Hdgvap % ¢ amonium citrate
(green),_ 135.59 30% (W .) hydrogen peroxide. The pH

Copmparative Example (-4 po| i shing Sol ution: 1,592.7 g DI

wat er., .0.80q ferr,i ium ei trate

So0d PlsE Wla s aSp RO i P G 5 RBend iy Bt
2R%lJ-fU:B8yisH 'icoel&‘d.l"nfeg}ﬁ{ 8@s Dlsswat er, 2.23g
? Zghygﬁ)rx |lsokl)lﬁryrié acid, 100g of a solution conprised
Ex®hple #97.6 g DI water and 2.38g ferrous sulfate

hygr ate, 271g 30% (w.) hydrogen peroxide. The pH was

2. 8PRolishing Solution: 6,916 g of a solution comprising; 13,754.8 g DI water, 3.2 g

iron (III) nitrate nonahydrate and 74.0 g 2-hydroxyisobutyric acid. 1,084 g 30% (wt.)
hydrogen peroxide was then added to the 6,916 g of metal ion containing solution. The
pH was 2.47.
Comparative Example CE-10

Polishing Solution: 1726.4 g DI water, 1.45 g iron (III) nitrate nonahydrate,
0.42 g methylmalonic acid, 271 g 30% (wt.) hydrogen peroxide. The solution pH was
2.40. The hydrogen peroxide decomposed too rapidly to allowing tungsten wafer
polishing. One day later, the hydrogen peroxide concentration of the solution was
0 mg/L, as indicated by peroxide strips.
Comparative Example CE-11

Polishing Solution: 1726.8 g DI water, 1.45 g iron (III) nitrate nonahydrate,
0.80 g methylmalonic acid, 271 g 30% (wt.) hydrogen peroxide. The solution pH was
2.29.

22



10

15

20

25

30

Exanpl e 6 Polishing Solution: 3,452.99 DI water, 0.52g
iron (I'l11) nitrate nonahydrate, 4.46g
wQ@2dwysaayi sobutyric acid, 542g 30% (wt.) hydrPBgEIS2006/040803
peroxi de. The pH was 2.67. Conparative Exanple CE-|
Pol i shing Solution: 25 g citric acid, 2,000 g 30%
(wt.) hydrogen peroxide. Polishing Pad MAR 3 1.
TwoRl§ BR&r, Henstidgen perorisloonreatpi@ssithe s@utign a2 /I, as
psi ), ret ai ni ng ring pressure 62.1 kPa (9.0 psi),
indi¢ bymrbléldﬁﬁ@@%re 62.1 kPa (9.0 psi), platen speed
- 101 rpm carrier speed 99 rpm Process Conf i guratl on:
xasuﬂ@Bed retaining ri ng, poI i shing solution delivery
a nt e [

o olihibg SoBRah S kL B W lr oS LN RNAHiOAE Soddig apa
1.60Té;h1%tlﬁf’frﬁﬂ@hi% RT0VF1 E b@% (th fhyﬂﬁ)‘geth perokiday @he gelntion pH was
roxide are necessary to obfain acceptable renoval

2.20 ates when ot her conponents of the invention are

ngg%gggt'ar %? %@eﬁ%ﬁgﬁl%@ongen% ﬁ]il 33 he%gfuﬁgn SRk Yb& R0 /L

(ap}ne{a Ag as il@icabl B@gerl)xﬁfé strqasrrpar at : ve Exarrpl e CE-3
|sh|ng ol ution: g D water, 1.45 g iron

Exa{nﬁﬂ»llab nitrate nonahydrate, 135g 30%(vvt ) hydrogen
per oxi de. The pH was 2.71 . However, the rapid

? e ﬁRHI?B&gtSo?monf 34|lﬂ‘17.e7 byd veden0.8e gomnc{éﬂbm‘g@‘@mo@@hydrate

ungst en waf er

SRS VL0 e o LS AR fuon
s’(j\? Q‘[k%gﬁlﬂgﬁgﬁ Qféfeg ea pa%ﬁp@ﬁéﬁéﬂ/@a@( anphke S@Epﬁttem wafer,

I on: 5 g DI water, ferric
were r}%ﬁﬁhedmRmtdval mte(fgr ﬁerb)lankﬁh‘efaﬁgr—llmhgwn llﬁT@gﬁﬁarTé’F ipgern

B A

ero%lma% %&r Aahd; StfeH eaurr ﬁ@ ”?rmﬂne/ 1 S%aé}:) 3ﬂﬁf’1,(riihif(1s&>la1‘ted line)
ogen per oxi However, the,ra g
andje?HPﬂEQii‘let(hﬁﬁy)q'ﬁelﬁéiﬂOfay ﬂ{(ﬁgﬁd runout (TIR) values of 569 A, 4?6

and 369 A, respectively. The pattern STI wafers was polished for two minutes. Oxide
loss was 2 A/min and nitride loss was also 2 A/min. Hence, there is a high selectivity

to tungsten.
Example 10

Polishing Solution: Identical composition as Example 33. The solution was
allowed to age 4 days prior to polishing. The solution pH was 2.52. A blanket tungsten
wafer and a pattern tungsten wafer were polished. Removal rate for the blanket wafer is
shown in Table 1. The pattern wafer was clear after the two minute polish, including
the Ti and TiN layers. Dishing and erosion were good. A 90% dense array (9 pm
Line/1 pm Space), 100 pm (isolated line) and a 10 pm line (array) yielded TIRs of
550 A, 476 A, and 341 A, respectively. Comparing to the results of Example 33, the
polishing solution shows excellent pot life after hydrogen peroxide addition, with little
hydrogen peroxide decomposition observed via the absence of significant gas bubble

formation.
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per oxi de prevented tungsten wafer polishing.
Conparative Exanple CE-7 Polishing Solution: 1730.3 ¢

woroorasmEng 271 g 30% (w.) hydrogen peroxi de, RET/0SPE/040803

5.46. Conparative Exanple CE-8 Polishing Sol ution:
1719.8 g DI water, 9.25 g 2-hydroxyi sobutyric acid,
271 g 30% (wt.) hydrogen peroxide. The pH was 2.59.
Co aveEx¥mplxerpie CE-9 Polishing Sol ution: 1990 4 g
water, 0.40 g iron (lIIl) nitrate nonahydrate, 25
g PolividngSyhsiohui 8io%cg BE indter;Thi4 g HondED)2iEEe nex@éwér@,

Pol i shing Sol ution u n [ ng;
346 23070 Ty ehaesiides Deeghppgnch Py b8P BOk:
%g%k ﬁhg g 2-hydroxyisobutyric acid. 1,084
Iﬂmggggg%ﬁ%?%ﬁN y (%géh peroxi de was then added to the
6,916 g of netal ion containing solutlon The pH was

247 Copparati ok P%e@‘% Rutts

1 A &I Al
1(%5@1' [Or Al gal Hm‘u gwwm 0, @6 AReAoyd Rbieg| SOANon-
W hydr ogen per oxi de. | The gplut Hp mgs Q The
hydrogen(b@pdxmﬂh deconpose@wiéb r ppi EMPIR Oy
tungsten—waf PO TS{TENg Ong ggay [atep 414 he 1ydrggen
per oxi de égHggntratigE off, the solution was 0 py/l, as
I ndj cat pd bysperoxidgsstripsADCanaratBB&SExanld79
CE-11 Pplishing Splutiondl 17268 g Dl—water—i-
iroh (1]1) Wdtrate nbﬁahydra@@3 .80 glﬁﬁghylnaloﬁﬁ%
r\ d 271 & AN00/L ;
& U707V hydroger per X1 05965| ne $ol ugiyon
pH aas 2. 29.°Two days Fater, ?ﬁg hydr ogeh per oxi de
congentatipny of fhesespl ytionoeas 2 nghblseas indi éated
by peroxide strips. Exanple 8
6 18.0 333 4.06 1,518 6.9
CE-1 0.0 NA 29.6 1,912 15.3
CE-2 6,910 NA 0.0 1,219 7.7
CE-3 100 0.0 2.03 NA NA
CE-+4 0.0 NA 4.00 147 25.3
CE-5 1180 1.6 0.00 96 38.6
CE-6 1200 1.0 4.06 NA NA
CE-7 0.0 0.0 4.06 440 59.1
CE-8 0.0 NA 4.06 705 232
CE-9 27.6 89.7 0.00 23 NA
7 27.6 89.7 4.06 2,745 93
8 100 3.8 4.06 3,127 8.9
CE-10 100 1.0 4.06 NA NA
CE-11 100 1.9 4.06 2,789 11.6
9 27.5 90 4.05 2,945 9.4
10 27.5 90 4.05 3,355 8.7
CE-12 93 0.0 5.00 NA NA

4.



Pol i shing Solution: 1726.0 g DI water, 1.45 g iron

(I'11) nitrate nonahydrate, 1.60 g nethyl mal oni c aci d,
WQRIm705B80% (Wt . ) hydrogen peroxide. The sol utiPCT/ps2ooae40803

2.20. Two days later, the hydrogen peroxide

concentration of the solution was about 30 g/L

(approximately 3%, as indicated by peroxide strips.

Ex dop app&refofroms hhauboSe Hescription Subgarioug niidifigatiens cay, tegnade
.giron (Ill) njtrate, nonahydyate,  4.46 . .
witlh JeReiaga BB Ib FVEnting: dovBiangY 4By 5GaRe Of theaYepyeR should
be 1HSi;ié%f%1ﬂgb Tﬁbe%)?)&lldéﬁ'c IR HAYbReatibns AndPpaakebrelliergst en

wart er %att n tungsten wafer, and an STI Fat;ern
incovpérated byatfergob tethe damKRextontads if cach individupleublieatioator patent

waf er. i.s shown, | able 1., The.pattern f was cl ear
wospeafca WS RN AEBIHEfE 1 RS A e LT FerehEE T
| ayers. Dishing and erosion were good. A 90% dense
array (9 mmLine/1 mm Space), 100 nm (isolated |ine)
and a 10 mmline (array) yielded total indicated
runout (TIR) values of 569 A 476 A, and 369 A,
respectively. The pattern STI wafers was polished for
two minutes. Oxide loss was 2 A/mn and nitride |oss
was also 2 AAmn. Hence, there is a high selectivity
to tungsten. Exanple 10 Polishing Solution: Identica
conposition as Exanple 33. The solution was allowed to
age 4 days prior to polishing. The solution pH was
2.52. A bl anket tungsten wafer and a pattern tungsten
waf er were polished. Renoval rate for the bl anket
wafer is shown in Table 1. The pattern wafer was cl ear
after the two mnute polish, including the Ti and Ti N
| ayers. Dishing and erosion were good. A 90% dense
array (9 mm Line/1 nm Space), 100 mm (i solated |ine)
and a 10 mmline (array) yielded TIRs of 550 A, 476 A,
and 341 A, respectively. Conparing to the results of
Exanpl e 33, the polishing solution shows excellent pot
life after hydrogen peroxide addition, with little
hydr ogen peroxi de deconposition observed via the
absence of significant gas bubble
formati on. Conparati ve Exanple CE-12
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Pol i shing Solution: 1728.9 g DI water, 0.14 g iron
(I'11) nitrate nonahydrate, 346 g 30% (w.) hydrogen

w@eronsdes Deconposition of the hydrogen per oxPABUS2006/040803

prevented tungsten wafer polishing.It is apparent from
t he above description that various nodifications can
be nmade wi thout departing fromthe invention.

W]@ﬁ@fg[a%g(gisy, the scope of the invention should be

Imted only by the appended clains. Al publications

g appt i .
The Bvabrahe Senfa weditiR ool Gha ol RoE NSy &
pat efo e siashid 6@ dreR ek ddiibositibaaloprisingiaaghegistio

be incorporated by reference. Wiat is clainmed is: 1, A
f i xechistoreas!i waser he prkidigingrageht picoaiplaxang agent @.nd metal ions;

conposi tion, useful for difving a surif .

Che. SBksuLRbrbh s PUTRGorR Rt s 3B g E)ihie
vat ekiondfinetbihl 46i0% S8R difithcEona ke Negalaerbs, oaad

metal 1ons; wherein whén a majority of the conplexing
agentombingtidmtherof, fthomole rtiapf eomplawing aeent én aetah qng pregent
si mpl.e_di funct.j.onal  aci saklt .t he f .
conbihdEaPPHEE oot RREs i5p): 30 R Amingfe & sybstantilly
agentyet Of ABhaVe patislepr esent in the conposition is at
least 3 to 1; and wherein the mxture is substantially

fy ee gt lpﬁﬁglﬁﬁé YRRl dnd e im2: wilE8inRPhdnSRidrity of the
conposition of cllaim1l wherein when'a majority of the
conpleemplgimggeeatt is 8 sande muinefimotiodal acitlj osialpledifenctignal acid,
sinple difunctional acid, salt thereaof, or a. .
c oAl HhsHd s ApmbIRHn B ESh te oG pfoabisgne agent o
agen : ' eS i iquid is at |east

9 &q%tﬁéﬁllﬂgsehpﬁstgﬁiﬁﬁgﬁ% afi1Bast Ao 11 0

4 to e poli conposition of claim1:

erei,n the.mxture.i - . .
\Sgssﬁtpgtploﬁgug &t ﬁos&?oﬁﬁ%ﬁ?@ﬁ?gl&%@% r%g%tél?e{ ﬁsgﬁbs(t)?ntlally free

cl ai |} pakrevLing agdig. conpl exi ng agent is multidentate.

5. The polishing conposition of claim1l wherein the

et alTHefPBliblﬁnQ@oﬂqﬁ&itﬂfn & dEhAl whelegrthe dompRRnGhgeltds multi-
Ag Au, Ta, Ti, Ce, M, My, Sn, Moy, Sb, and

conbideataicons t hereof. 6. The polishing conposition of
claim1 wherein the netal ion is an ion of Fe and/or

M).  The polishing composition of claim 1 wherein the metal ion is an ion of a

metal selected from Cu, Fe, Ag, Au, Ta, Ti, Ce, Mn, Mg, Sn, Mo, Sb, and

combinations thereof.

6.  The polishing composition of claim 1 wherein the metal ion is an ion of Fe

and/or Mn.

7. The polishing composition of claim 1 wherein the complexing agent is
selected from citric acid, 2-hydroxyisobutyric acid, lactic acid, oxalic, malonic
acid, methylmalonic acid, succinic acid, glutaric acid, and adipic acid, their

corresponding salts and mixtures thereof.

8.  The polishing composition of claim 1 wherein the oxidizing agent is at least

one per-compound.
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7. The polishing conposition of claim1 wherein the
conpl exi ng agent is selected fromcitric acid,

wQ@20wyadsm@ayi sobutyric acid, lactic acid, oxali CPCTHEZIN6/€10803

acid, nethylmalonic acid, succinic acid, glutaric

acid, and adipic acid, their corresponding salts and

m xtures thereof. 8. The polishing conposition of

0! ai ThelpoMsaingicontpbsition oficlzinn g vdgem thewxadizingagentdnlaydrogen
per - compound. 9. The polishing conposition of claiml
wherBeXilee oxi di zi ng agent i s hydrogen peroxide. 10.

A chem cal nechanical polishing system copprj si

f A f s
cg:miggg];l 'gg&g?gqoér fginﬁ}%lgfg%%r %olvja?%ﬁfgra s&fé@g? 8%;%%&”&,' 188

OXi i g ki RERHmprRIRAIFYeNisN naigant of wnidr; matcxidiziogsgent; a
wherein when a majority of the conpl exing a%,eogt S 8 1oxi
si nptemplskiog agert] @anetabions; vehesgiphen @mpaipraly; Qi fag complexing
acid, a,salt thereof i ' Plcid. Lhalt

mol e 28R 1% BFP eonrﬂrg O&?ﬁ%ngga%%gtsgﬁﬁg? gfluh ‘lggar?g or sent

i Nt BRrddfOtiaontbimitioheagtof3the andle rajochbwhepbixng dgent to metal
m xture is substantially free of abrasive _particles.

11. ¥ne ppokitshithegliayd iseihlesst Tioak: #nd GVhRFRN BicEHES 15 xed
brasi ' upal ity of

i oav iRty BREP ABRIRABIUEE 0o os fixed to an

b ' ticl wh [ h b [ ' .
SEATE T SN T R I —
di spefsasty o tRelilintekiondiabrabiR couposisdixed k@ himabi@sive article,

wherein the oxidizing agent remains separate fromthe
met alwhersis theratirashve compesitesisomprisea phwalliyof pbrasige parfigles

of use. . 13. A nmethod. of nodifying a surface of a

sem %@ﬁ@l’@c@%ﬁ“\%f%? g’éﬁ?rt ed f o¥ f gbr i cgt ion of a

sem conduct or devi ce conpri.sing;. a rovi di. f

oy e SRt Fipk O ool fhe i R B P R st fam the
etch ?get%lqgltésoe{n@ tRe AL Qrfrfaﬁ%\zéﬁgadq{ntill gRYm&oseeond

mat eri a pl oyed over urface of the first

T < gl SRS Sl SRR sl
fabrication of a semiconductor device comprising:
a) providing a wafer comprising at least a first material having a surface
etched to form a pattern and at least a second rhaterial deployed over the
surface of the first material;
b) contacting the second material of the wafer to a plurality of three-
dimensional abrasive composites fixed to an abrasive article in the presence of
a working liquid according to claim 1, wherein the abrasive composites
comprise a plurality of abrasive particles fixedly dispersed in a binder; and
¢) relatively moving the wafer while the second material is in contact with the
plurality of abrasive composites until an exposed surface of the wafer is
substantially planar and comprises at least one area of exposed first material

and one area of exposed second material.
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abrasive conposites fixed to an abrasive article in
the presence of a working liquid according to claim1,

wob@resroe he abrasi ve conposites conprise a plRCHUB1096/040803

of abrasive particles fixedly dispersed in a binder;
and c) relatively noving the wafer while the second
material is in contact with the plurality of abrasive
ddnpasmtibsd ofinolifping exspdaedisuviiacaiied fartfabrgstien of &
substanlégilr g%anar and .conpri ses at | east one area
of eXPBEeRucty SEVIREUPPA"&End one area of exposed

2 e\cl:vg ?&,ﬁg{dﬁ{gi Avafef cofpiBhd Ade st oRD@ielekirtnfteSlHatieg a0f

suited for fabrication of a sem conductor
devi pettarnsimir@iedghe diplepiriovhaténia) subsiatiely eovased withgt least

| east one dielectric erial hayi a_ patterne

sur T Qe msrmsdurE: pRbna et et RPN Duged gy
Wi t hiak: hRaShd@RQe hiti&laredi ate layer, and the
internedi ate [ ayer substantially covered by at | east

one bdpohiadting¢haendnétisie; magprial of thecwafaytor deluediftieicirege
mat er i al of e wafer to.a plurality of s

t hr edimemsirepbar e Bins o8 nb brapvg aicfe n fhe presence of
abr agi W&kakligsleaderdidpBo RIBSEN Ghefin theWirkiiyDflabrisive
according to claim1, wherein the plurality of )
abr asbmpositsrposptissa plorgbity sbabuasbrapaati¢les/fixdd andrdispiersed in a
particles fixed and dispersed in a binder; and c)

rel atfRfEF™fovi ng the wafer while the conductive

mat erch adlati 1y rﬁpﬁﬁg RCkate Whild he eheudive matafal abinashtaet with
conposites until the exposed surface of the wafer

conprthespleradity dErbsasirmomposisesomtibthsapesed sudegstgfke wafer
materi al,. at .|| east one ea of, exposed i nt i_at

I ayel‘:_og’%‘ﬁf‘rat iﬁagﬁ cg’gﬁfeaocﬁrgxg?sgg 08]?& ilﬁ%glgger%i{’g geg rOI%S qea of
nat efe'x?&sed IRernldueatd Rl BOshdAs GO ledbthe tafeacdfak Poskd dvdieied N
the internediate matérial is an adhesion/barrier

| ayematd®l. The met hod according to claim 14 wherein
the conductive material, or the second materi al o
cianpritsesethathgsbriing tbxlaibhiel whdrhindhaintanatidiate metetihlas an

14 wherein th brasi ve particles are silica
adhesion/barreler%ayer. P

16. The method according to claim 14 wherein the conductive material, or the

second material comprises tungsten.

17. The method according to claim 14 wherein the abrasive particles are silica
particles or metal oxides, optionally selected from alumina particles, ceria

particles, and combinations thereof.

18. The method according to claim 14 wherein the abrasive article is attached to
and/or supported by a subpad, optionally wherein the subpad is a laminate,
and optionally wherein the laminate comprises a polycarbonate sheet and/or

polyurethane foam.

19. The method according to claim 14 claims wherein the exposed wafer surface
of part (c) has an Rt value less than 4,000 Angstroms, optionally wherein the
exposed surface of part (c) has an Rt value less than 1,000 Angstroms.
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particles or netal oxides, optionally selected from
al um na particles, ceria particles, and conbi nati ons

wao bh@resf09 18. The net hod according to cl ai m 14P@ITES®061040803

the abrasive article is attached to and/or supported
by a subpad, optionally wherein the subpad is a

| am nate, and optionally wherein the | am nate

@Onpihs estlmdpotordmphiockim 14hvdeteia tidy abraspa gompesitafiether

foam 19. The. net hod_accordi.n o cl ai 14 ¢l ai ns
wher EPHPHIFE 2bleptiong additize, @HP\%’A ewwelagh aqdifjve g selggied

Rt v : ; ' i n
the. SuRSLEa S e S s AR RO RE, PO ol HEHE.

t han cdydg agergs tillens egfhndifgengaets Wikrg @oostalicagents, mitétors,
14 whereipn the abéJ Sjve conposite fur&?ll?r co%i sea at

| eas S BRAAIA B, SIOTISRRIS ORIPS 2500Es SYHATANS: Rtgdiants, 8y§ss UV
el o . s e cati

i £ Yl i W iR, Al il
fill ectivatorx paddombinatent therebf.ber s, anti static agents,
initiators, suspending agents, lubricants, wetting
agenThe nietiodartading, to plagiEAtwheréld €se waldr Airthbi tdrZfises a
conpl exi ng agents, _chain transfer agents,.

accebarigt gb’ & substanfiajlytoyvering tho dicdectric mawriebmbi nat i ons
thereof. 2 1. The nethod according to claim 14 wherein
2he Wh¢ methfodracpardingdapliimed veheein theewalenfimther comprises a
substantially covering the dielectric material. 22.

The ﬁ%@ﬂ%ﬁ%’%&%‘?a‘i-ng to claim2 1 wherein the wafer
further conprises a second barrier |ayer.
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