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Background
Chemical-mechanical polishing (CMP) is the term used

to refer to a process that is used in semiconductor

i5 manufacture. As 1its name implies, the CMP process is
typically used in semiconductor processing to polish
(e.g., planarize) the surface of the semiconductor wafer.
The CMP process is relatively new in that, until recently,
conventional processes were sufficient with  the

20 comparatively low circuit densities involved. However,
increases in circuit densities {e.g., the transition from
wafers having 0.25 micron features to 0.18 micron
features, and even to 0.045 micron features) have forced
the need to develop new processes for planarizing the

25 wafer, of which CMP has become favored. Similarly, the
more recent shift away from aluminum interconnect
technology to copper interconnect technology has further
favored the use of CMP to polish (e.g., planarize)
semiconductor wafers.




Briefly, the chem cal - nechani cal polishing (CMP) process involves
scrubbing a sem conductor wafer with a pad in the presence of a
chemcally reactive slurry that contains abrasive particles. As its
name i nplie¥OXH&758% i shing 5 action of the cheni cal - medXdfi26/000892
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limt the inventiygnihtRBY ceSPeehesW 18 Betgyaihetbanthdi l¥sed in
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restriatsed tOor&iii MUEBEEER undAF ABIE! SndPERE RSSIRIMEAHARIBRS , though
chem cal reagents, ,.operational conditions, gng ot her vari abl. es
unl ess ot her flrLe? s?ré%)eﬂr‘h‘é‘?%? n¥oBks have not been determined. For

example, while certaln parameters for the CMP process have
been developed that are satisfactory for wafers utilizing
aluminum interconnect technology, +those same process
20 parameters have not proven to be particularly satisfactory
for use with wafers utilizing copper interconnect
technology. One important requirement of a successful CMP
slurry for copper is a high polish rate. High polish

rates lead to shorter copper overburden polishing times.

25 ‘ Summary of the Invention
The following summary is provided as a brief overview

of the claimed product and process. It shall not limit
the invention in any respect, with a detailed and fully-
enabling disclosure being set forth in the Detailed
30 Description of Preferred Embodiments section. Likewise,
the invention shall not be restricted to any numerical
parameters, processing equipment, chemical reagents,
operational conditions, and other wvariables unless

otherwise stated herein.



WD 2006/ 076392 PCT/ US2006/ 000892 The cl ai ned invention invol ves
novel aqueous slurries which exhibit high polish rates for copper
when used in the CVP process at | ow pressures. One enbodi nent of
aqueous sl WPPEY3B%rding to the present, invention 5 CoHpPYeLL0892
sol ubl e salts of nolybdenum di ssolved in deionized water and an
oxi di zi ng agent. EfSofIAEARS BIVaddeBusnEPLTPS SO ViRdy 2BBRPAP LU T LSS

di ssol ved " sajpidre Salilss rofh kel @ QRWMzIZR cBMEFGRH TG Mkl @Babaut
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i odat e &KI 03), nitric aci % &NCB% ot assi u ((KNhOA).,
pot assi om perSUIREEES (RSSHLRS, ﬁ%g peIP% etréu‘? Odﬁ‘reéjssﬁ?m
15 peri odate c{dﬁlc%)zedaﬂdthydaﬂdydnﬁm:m:(d‘ﬂhmé)gem%ddI tionally,

conpl exi ng agents be us n the nol %‘gdenumtrl X

aaucous Slurry.  COREPERTRYC aqeh e RRy CorprT o ok ShEEs ST
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of glycine (GHHBMIR ,saaltanoﬁetméwm in agwinbsbuayging atias about
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acid (C2H204) 'ﬁES&éCo%C'ﬁg&Q!%‘é‘PZ eroRYEET Nitg fod gec' d ((CAHBOR); bR

famly of am no benzoic acid odinments o l'urries contailning

the sol ubl e s@Eg@¥0:bf) mOPSHFFEIH W@%o%@@woﬂ%%%%% hBNPOni ¢

surfactant, g0, GinC %@rﬁéﬁb@ﬂhteor (&mpaf) Onllﬁbta%glftﬁtpt P rsuliliite
ani oni c surfactant in the aqueous sl ur rise any one or, a

m xture of poilKede?syli c FEPIH (F&%’S“]a%%eﬁ boﬁwrﬁc‘ 25e9ed - or RS

a sul fusi c egderi Matel (BISA,t and @Hﬁml@lm@bd OH,0H)S SEdditibnally,
phosphoric acid its sal

| f d t | .t
The cati oni &Wntagfaﬁ%?h@a§q iﬁge ISchJﬁ?(r:éllg" : aﬁ‘l()kﬁ%or I t:ﬁfyspa’{l&‘f‘e

or a mxture pfo@)padesys ahureyor Cospbating agents may comprise any
one or a mixture of glycine {C,H;NO,), alanine (C;H,NO,),
amino butvric acids (C,HNO,) ethylene diamine (C,HgN,),
20 ethylene diamine tetra acetic acid (EDTA), ammonia (NHj;),
family of mono, di, and tri-carboxylic acids like citric
acid (CgHg0,)}, phthalic acid (CgH,{COCH),), oxalic acid
(C,H,0,), acetic acid (C,H,0,), succinic acid (CH¢0;), and

family of amino benzoic acids.
25 Embodiments of slurries containing the soluble salts
' of molybdenum may also be provided with a nonionic
surfactant, an anionic surfactant, or a cationic
surfactant. The anionic surfactant in the aqueocus slurry
may comprise any one or a mixture of polyacrylic acid
30 (PAR), a carboxylic acid ox its salt, a sulfuric ester or
its salt, a sulfonic acid or its salt, a phosphoric acid
or its salt, and a sulfosuccinic acid or its salt. The
cationic surfactant in the agueous slurry may comprise any
one or a mixture of a primary amine or its salt, a

35 secondary amine or its salt, a tertiary amine or its salt,
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35 secondary anmine or its salt, a tertiary amne or its salt, 3 WO
2006/ 076392 PCT/ US2006/ 000892 and a quaternary amne or its salt.
The nonioni¢c surfactant may conprise any one or a m xture of one of

many pol yetWOZERA Y cols. Still yet other enbodi ments SFTAFEWSYe08Y2

slurries may 5 be provided with a copper corrosion inhibitor which
may conpri se2fly dnedeRTSNADR uREisr hefer &ycl Felbr gahile ROmpIUHeES

i ncludi ng benzetfiazole ABTAlompendd MIpzehe, orPal Vikkhazols dhenyt
triazole, thion and their.” derivatives. Further enbodi ments of

slurries nmay B R UTHHEICoAbYRELFon of these surfactants and
corrosion inhibitofsil ha oth@irZiehgoadRBhssNBY Q4hdbZe §her£oppeta@s
well as réact with ol ybdate ions present in, the, s| Li?l’){% T‘H’fl new
per - mol yhdat eb%rpf)%Yb%/grfﬁ}%d%t‘éo? Fle QPEresptt Bt R rmay
oxi di ze andI C@ﬁﬁ%ﬁﬁésd\/l }ahy(r:]@p@eror t@em&h}tuplrw\dmimeﬂub@tm@ i?flganic
rates. Simlar hi ol i shj ng, act.ion nmay, al so r use o
tungst ates, VATERATRE LRPOHGIEL ARG RTINS  FARSIn | BAPARTER 5%t
ions or peroxyolpnstwibhobe, wpheayl therisdoiledat ethioms. 20dAquEDeise
slurries may optionally inclu acids or ses for Lyusting.t

W thin an effcgéc) J|“‘\r/ar(§:lrvaeynsg'e % r 5}d'ngeléb%r§?o§lr%%nb§ c?ﬁft S%f.r%%% ﬁéadgi(f?rgﬁ%frh
enbodi fEnt s ciny sl epmbiemtdcror difng thesehe sumfeataons negndl scobeosion
provi ded wit ntal ceram c/netal oxide particles. The 25

suppl enment al ‘ceram c/netal oxide particles nay be added as coll oi dal
particles or as f Uil PErBsingr RIpAESi BRESOXSdERe Bippremrsn ais well

ceram c/ met aly Ox} de-PaF iR yisadel RohBepraQUROUS, SEME Y1 BYy . The

conprise any one or a mxture of silica, _ceria, alumnia, zirconia,

titania, magmE L5 FERHYPIBTEFHESOMY -BRlabIabAd Yt RESi §XPTRESd tO

presentis nventiOthad xidAckuses mpavel wirth hesbfr, Bharabl zhAgy LORRET

by chem cal - rﬁfg argo(iailshp!rggggl ZaStilm?LHér high polishing action may also
occur by use of tungstates, vanadates, chromates and
similar transition metal oxide ions or peroxy ions with or
without the molybdate ions.

20 hqueous slurries may optionally include acids or
bases for adjusting the pH within an effective range from
about 1 to about 14, Yet additlonal embodiments of
slurries according to the invention may also be provided
with supplemental ceramic/metal oxide particles. The

25 supplemental ceramic/metal oxide particles may be added as
colloidal particles or as fumed Aerosil® particles. Such
supplemental ceramic/metal oxide particles used in the
aqueous slurry may comprise any one or a mnixture of
silica, ceria, aluminia, zirconia, titania, magnesia, iron

30 oxide, tin oxide, and germania.

The present invention also includes a novel method of
planarizing copper by chemical~mechanical planarization.
The method of the present invention comprises providing an
agueous slurry comprising dissolved soluble salts of

35 molybdenum in deionized water and an oxidizing agent. The
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The nethod of the present invention conprises providing an aqueous
slurry conprising dissolved soluble salts of 35 nol ybdenumin

dei oni zed water and an oxidi zing agent. The 4 WD 2006/ 076392

PCT/ US20U6/ B8F8EP 76398t hod further conprises polishing cdSgas24isesthe
aqueous slurry using a polishing pad and pressures in a range of
about 0.5 psimebhaddmridied poinprands meidspiabecebPyr Wdihwdbs ageeeus
0.5 psi and a . I . I Lovent.| 0ihngl YEeSe of
anot her novel gg{rfr%:triolgs%?é p? 2%%#52%?3’8?%% EEM _?%gg%g?ﬁédl%fgtﬁe
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preferably befuegsdaboubidhdr Psing apakoUt TReOmBEhodTBE pPhESERésent
invention alsg includes yet another nﬁ,vel ?Qrmt hod of planarizin

copper by cheffEaRtHI (GEINPEHSES1BE QY t?%‘r‘u@%es%%&o’a?rgﬂjeng
gr eselnt idnvenaiiggoﬁ-@éwm&dg;aﬂaoa/ﬁ dxigianngoaeents. s|Me yetbodr feitiger

i ssol ve MoQ2 and an oxj di.zi ng agent and. polishing copper_wth t
aqueous sl ur r FOURTHY R %%#Jr%l?ﬁrﬁé %‘%)&)egt W#Esgb?e?qﬁg‘fj\%e%?uﬁﬁ%u?sﬁi
psi andi@bout a6p@ipshingngadnre: prefssuabby be2trekbet whemtallblt 55 ped
and about 2.0_psi ai | ed cripti e ogli
Broadl y descr?ggﬂ? ge)'en@)o%%ln’en%)rgéorﬁé%q %%df%&g%g?r :S%ELS%C%? |nggth€%£
present inventhdnaipmyt chifprissie a 25 nol ybdenum oxi de (MbQ2) pol i shing

material and an ox,_'t,}gi% Zd;%c’é%aegﬁ:ggggeg[{)%l g(g@% E}%léh%égﬁ)gyé@ Stk rMBYvOE

present in an anoun out 0. out such as about 1
to about 3 wrethodndoforelarefizill y AOPPEA alyuntChemigsdormeghant caj

The nol y@denugggﬁspfzmsﬁ.hi Ng THB &fdtHod™Y £30: KOMY s At Nenvention
particles of Q2 having a nean particle size in the range of abou
25 nanonetersceﬁﬁflﬁ%ﬁaﬂﬁﬂﬁ%@%ng an aqueous slurry comprising dissolve

MoO, and an oxidizing agent and polishing copper with the

aqueous slurry using a polishing pad at pressures between
about 0.5 psi and about 6.0 psi, and more preferably
20 between about 0.5 psi and about 2.0 psi.

Detailed Descripition of the Preferred FEmbodiments
Broadly described, embodiments of aqueous slurries

according to the present invention may comprise a
25 molybdenum oxide (MoO,) polishing material and an oxidizing
agent. The MoO, polishing material may be present in an
amount ¢of about 0.5 to about 10 wt.%, such as about 1 to
about 3 wt.%, and more preferably in an amount of about 3
wt.%. The molybdenum oxide polishing material may
30 comprise fine particles of MoO, having a mean particle size
in the range of about 25 nanometers (nm) to about 1
micron, such as about 25 nanometers to about 560 nm, and
more preferably about 50 to 200 nm, as measured by a

Horiba laser scattering analyzer.



m cron, such as about 25 nanoneters to about 560 nm_and nor e
preferably about 50 to 200 nm as neasured by a Horiba |aser
scattering an 5 WO 2006/ 076392 PCT/ U82006/ 000892 The M2

particles ﬁ?ﬁ?a‘ﬂ%‘%’%%uced froma variety of molybdenum ESRUERYFPRYS2

recursor materials, such as, for exanple, anmmoni um nol ybdates and
rpel at ed corrpounds The Magy |P%weﬁbaémuhﬁonrq@@cme@mmcb fyaomhedy of

riety of QGBFLOEmKBEMBa { A1 f§ep A bur VKT £ ID Ybdepy
\[;?ecurgors aﬁcrd cXv\l@ﬁﬂducts cana el n%d% |nL'éu(f) part}iig? €S W't hi ng%hgsé
ranges speci f i é‘G‘RPgreel r?mmlélfnndﬁqlxb@%ﬁtﬁér tand esebitewd CRompaynde, as

reduced in si zelllo ﬁlembaygﬁénﬁrﬁe@xflﬁég I'l:%egiaﬂfetay ARy A @a:?’fé’&rft 5

K rt, as attrition
assi sted by tRECISESGE ERPFOpHI AT 27 baguhe 5o Bymaikpdsniex ampicar sors
enbodi nents ofansl @mbdastaccahdb@gmga? hh@o%@%@ﬂ&lé@%ﬂ%h?ﬂal@mf size

duce r recursor nmateri
conpr i oi g nags TESLEPEreTil JeNTs, | RAGGTBAFLYE] STt PR @t HoO;
commerci al | y mayabkabkdutedmn hei £3 |mmﬂﬂ)lnda@@sur§p@]@1%%%}g gtrargggn by
S tiye nano ticles o
|¢|\)/tra g:jaggd |I gmgcégr%lgn%gavtﬁ% t %?7 hié +¥%%W%§?Q§98\7| BOWL P (khs alﬁétr effch
No. 6, 488, 4972B1atemifiPrdniMeihgdasetsed Pypduce ngs&ane- Bapkbpkestof
Mol ybdenum Oxi-dggenihi ch is hereby incorporated herein by reference

for all that it d| scl oses. Regardl ess of whether the nano-particles
of M8 are obt ai Red'd0MfeceERaPly, oempediferttudd silnradesr dansedivg h

25 the teachi 8gs tpe0\W @& nkn 1Lﬁv%ntP%he'Ha}J\but[ Slhl 08, 432 Bl dePt bt ged

above, the MoQ2 particles conprising the erla
produced by hBERFRGShand“"part | eréguwomwmﬁlaé tICﬁ’ElPS"UIfoLDQI emndﬂ

conver t15 subspanti@ldy o Moof. ti@@n&%é&l‘\@%aﬁ MBHe a%EEBMng?é:l.élllfo
the nano- partlclff%é{ N%romnagﬁ %%Egg ﬁglgbégkum? Company of Ft.
Madison, Iowa {(US). Alternatively, nano-particles of MoQ,
may be produced in accordance with the teachings provided
in U.8. Patent No. 6,468,497 Bl, entitled “Method for
20 Producing Nano-Particles of Molybdenum Oxide,” which is
hereby incorporated herein by reference for all that it
discloses.
Regardless of whether the nano-particles of MoQ; are
obtained commercially or manufactured in accordance with
25 the teachings provided in U.S. Patent No. 6,468,497 B1,
identified above, the MoO, ‘particles comprising the
polishing material may be produced by heating nano-
particles of MoO; for a time sufficient +o convert
substantially all of the MoO; to McO,. More specifically,
30 the nano-particles of MoO, may be heated in a reducing
atmosphere (e.g., hydrogen) to a temperature in the range
of about 400 C to about 700 C (550 C preferred). Times
may be in the range of about 30 to about 180 minutes, as
may be required to reduce MoO, to MoO, in sufficient

35 quantities. Heating may be accomplished in a rotary
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at nosphere (e.g., hydrogen) to a tenperature in the range of about
400 C to about 700 C (550 C preferred) . Tinmes may be in the range
of about 30 to about 180 m nutes, as may be required to reduce MC3

to M2 in YO2MYTEM 35 quantities. Heating may be accdfplUSeHeyowsy a
rotary 6 WD 2006/ 076392 PCT/ US2006/ 000892 furnace, although ot her
types of furnEeemarmy ahEhayel otler foressafyTurmRCSAAL PRgURBER 1f

product may then e g ound f&uwﬁ@%o%ﬂwa@%tpﬁéysdmgb@a@%uﬁa to

having a nean particle dianmeter within the ranges specified herein.

A particle 5 RFANGS p@atipEn RAEF AW aiftieshan f}aHénﬁs%d“?%n FitirieLe
that the resgdndi®e MGRRal icaki REnfBECEpatifasksheasin cl &5 pdwedicImy

cause damage during polishin The oxi di zi a ent y conpri se

one or @ mi xt%ﬂ'aess&lcﬁ@llppc ﬂ??r%‘i‘% ‘{Eﬁel(‘?{l@g) toolcnrgs ’T—W\l@i%axc
potassi um 10thodied@ltkhy, M&}dpﬁmﬁaﬁihgrmaﬁiﬁiﬂ (3Jélcﬁk3) paFeities that
nitrate oxidizin ent. may b resent. J concentratl ons rangi ng

f r om about O.W%ﬁ‘ oﬁltamﬁgﬁ ﬁ’B?h?g(mlJF%l such as about 0.1
to about 0.2M Fe( NO:3) Bxlamdln@raegmfrrejyabbmprﬁsa argorwenbra&irmixtojre
about 02MF 3 Nitric Xi agent e

in anounts ran oM ﬁ%ouﬁ%ﬁd(g%%j a{bglut %ng\?&oﬁkﬁ{@y LI%CE{ £88tn
about 1xo abm:tldze (L) % ENABpohiags hem el grtadfeer @dI0y) i n @Waaxmumtmte
about 2 wt. u odi.d zing

o S e i /5%%@%%1%% S

in anounts rangl n about out

about 1 to abbuam SRgutsKIOS gied alsrd Br-&f @cdigity (M &ie NQﬁtmntsuﬁh as

about 3 Wt . % dgouPof, q&%bumab@@laé emwedm@ 3 a@ﬁeﬁbraagsr@@epa Nix ian
anount s rangi ng from about about % KI 031 such, as out

to about 3 wtcom}ﬁ%t@?fm&ndoﬁoraé’%’rtef @r‘abI@} i¥e %WabmunthFrh%ouﬁc@
W % KIsOB.  28¢ At it r@exﬁmr@aylm peeBRbAt My %@i&i&h*t%e MYy ieRe Ofom a

m xture of hydroxyl argl k%dro%]l ori de é( NHZCJ%%%I&) ot assi u
per manganat e TRWHOA) O K§dRBIYE anite * AGrocHi g&ePEn %@%"h 2
may be presenyt )9 HATYURTS] more preferably in an amount of about 2 wt.%
HNO,. Potassium iodide oxidizing agent may be present in
amounts ranging from about 0.5 to about 5 wt.% 'KI, such as
20 about 1 to about 5 wt.% KI, and more preferably in an
amount of about 3 wt.% KI. Potassium iodate oxidizing
agent may be present in amounts ranging from about 1 to
about 5 wt. % KIO;, such as about 1 to about 3 wt. % KIO,,
and more preferably in an amount of about 3 wt. % KIO;.
25 Additional oxidizing agents may comprise any one or
a mixture of hydroxylamine hydrochloride ((NH,QH}Cl) and
potassium permanganate (KMnQ,) . Hydroxylamine
hydrochloride oxidizing agent may be present in amounts
ranging from about 1 to about 5 wt.% (NH,OH)CL, such as
30 about 2 to about 4 wt.$% (NH,OH)Cl, and more preferably in
an amount of about 3 wt.% (NH,0OH)Cl. Potassium
permanganate oxidizing agent may be present in amounts
ranging from about 1 to about 5 wt.% KMnO,, such as about
2 to about 4 wt.% KMnO,, and more preferably in an amount

35 of about 3 wt.$% KMnO,. However, the polishing rates with
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rangi ng fromabout 1 to about 5 wt.% (NH2OH) C, such as 30 about 2 to
about 4 wt.% (NH2OH) O, and nore preferably in an anount of about 3
Wt.%(NHZOI—%l Cl . Potassium pernmanganate oxidi zi ng agent may be
present in YAREHIHE3% angi ng from about 1 to about 5 wt. @&Rﬂﬁé@&ﬁfﬂ@%h
as about 2 to about 4 wt.% KVhO4, and nore preferably in an anount

35 of about FMLTHAAhOROYPREVEr , T Poliasipgg rutdahloride \wend
2006/ 076392 Fﬁ%@&é@%@}%@@@rﬁ%anﬁker 5&88%;@9@%@115& NP WA rEnaH aie the

hydrochl ori de and potassi um permmanganate are generally | ower than
with the ot RIPIkiFidirgrdgeaeats T Eeher&isin -Enbodi nent s of

slurries accordi ngriddiRenpsesant slérrﬂaentalc@@r&ay&galts@ BReprons sded
with an _anionjc surfact ant or a cati Onl syrf{act ant, The ani oni.c

surfact @ant usEW§HFLPhBaYqBedRL S IR WaSRp AR s BN AT Dt A G ant
m xture of pd )aatzzrasth_bmacsdrf&w@ént a Q&reb%y_bhicaehﬂf@ditiﬁis wadd ina
sul furic estei or its sal ulfonic acid or its sal 3{‘?“&"&

c

phosphoric acitf Gt944¥ 54 urré’nEaX SHPGEGEPYc OXE &% ra o
The cati oni ¢ minfaactyddt ased BARhe aquenbrsxy]simrraq/ldrmm cidrgpraage:, alay

one or a m xt ur% of. A prclerrrar)\r/ 1@”1 n ga%tgufg#ic age&o&da.r A %rglr%e

or its salt, |ary am ne or ernary am ne ‘or
its 1519alt. aomhoepabh:ys: #died apque‘(basssltrr randrey slgtéfpsgvr:deucvmlrﬂ o&

copper corrosin L npy bi t%e""%%%oﬁ% %Bgﬁébﬁg ANYsQAC 59 +12 Mg

of heterocyclic organic conpounds inc benzotri azol e (BT
triazole, andlyeri matazePeoris=uramer On?hé’rsladrmyx’ﬁiﬁl;ﬁ cBfAt &i rP%lWrY

combi nati on ofyiRESEr 4QsSULRCT AR SRR IRGRS OSh Ok | BRI b_Lttsor§al€‘ a
preferred anionic surfactant is polyacrylic acid (PAA). preferred

cationi c sur feRRtAmEY aNEBEYPE Pyd i HhldiuRnchPoRPEESTEREY . ALY &f%e frtéd
COpper 16or r o4 0n: . i optLbh OIS tblenaqhébagoémﬁﬁ;r My b@hpr@améd Q1 +af

PAA 25 inproved slurry dispersabil, rface uallt IS

bel i eved t hat? W@P§5d¥? Uit B, h‘ﬁgf’ gl%luzﬁ &’é’éﬂs any one ot
a mixture of heterocyclic organic compounds including
benzotriazole {BTA), triazele, and benzimidazole.
Further, the slurry may contain any combination of these

20 surfactants and corrosion inhibitors.
A preferred anionic surfactant is polyacrylic acid
(PARA) . A preferred cationic surfactant is cetyl
pyridinium chloride {(CPC). A preferred copper corrosion
inhibitor is benzotriazole (BTA). The addition of PAR
25 improved slurry dispersability and surface quality. It is
believed that the addition of PAA modifies the surface
charge of the molybdenum oxide particles such that
interaction between the molybdenum oxide particles and
copper is favorable, leading to an increase in the polish
30 rate. Polyacrylic acid (PAR) surfactant may be present in
amounts ranging from about 0.1 to about 4 wt.% PAA, such
as about 0.5 to about 1 wt.% PAA, and more preferably in
an amount of about 1 wt.% PAA. The cationic surfactant
cetyl pyridinium chloride (CPC) may be present in amounts
35 ranging from about 0.0l to about 1 wt.% CPC, such as about
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charge of the nol ybdenum oxi de particles such that interaction
bet ween the nol ybdenum oxi de particles and copper is favorable,
| eading to an increase in the polish 30 rate. Polyacrylic acid %

surfactant WEY'BE7$P%esent in  ampunts rangi ng from aboutPCH/UB2406/0008
4 wt.% PAA, such as about 0.5 to about 1 w.% PAA, and nore
preferably irf-G&h &eoaReust faBodtt % WEDe PARd TRESC ARSRTEPIYr fRc tatht

cetyl pyridi niganahla iz82utCPC wRYys ke dr e, JtF133BYUBt $BBH) Iedighd
fromabout 0.01 to about 1 wt.% CPC, such as about A 8 WD 2006/ 076392

PCT/ US2006/ 008B9PSirp5 lPBllabB@E G2y wWPeo, RETSSRIng tor EORFRRErEDISPS n

an anmount ofrahpiy GromMal?h€PC. 5Bezabbhazobemi BIMA merRpeimd) BTA,
corrosiqn inhibitor e present %concentrau ons ran%n]%from

about 0.5 to IYHUAAE I|l Bl Fr© BT ATy SREhTgLe JBh Ry in

about 5 nM BTaO\,coambrfm:rae:l@meberabblytmmmmcentratl on of about 1 M
BTA. Enbodi nent s slurries acgcor in .to the sent ention

al so be provided %Wcﬁﬁ? s ﬁg}l§ YeRUM“% % i"de t(‘fﬂ/b§ "

I ubri cant. | piﬂmﬂ:e:en rfaguadstha¢ iverikikddditth @mouhtﬁob?bd@lubdenum
sul fide parti F;k%%sﬂ%ﬁt Eb &uBQELEEH rat e, of, %‘Zﬁ%er £bQhaSLL 185

cont ai ni ng Ki enum su Fti de par S may have nean
di anetérds in actdﬁé‘-lrcangef omOAMbden@n OEUﬁﬁldbomarlilmlcﬁonndWIaySl@éerﬂhrﬂ

sul fide partigd%%lﬁétgem?r EBraé@}#%ﬁeé %%:Q@nﬂﬁ ”&1305 %}?@UéAJQ 1

to about 10 such about 0 about
nmor e pref er aBiod yavenvmg rufiider PaBdEcles WMRWoS2. merém ﬂ?@éﬂﬂ}rﬁrs in

sul fide part i@fl@sr&gé ngrt Qﬁoét 2@, ol apgeshefein r@s{cﬁrcﬁpw&lﬁédéhum
avai l able fromthe i mx _Mol ybdenum Conpany  of Ft. Mdison, |owa

(US). 20 The H T RAgdilfeREsTBY BEUPFREENACABr BRAGRED FARIing et
i nventiign mayaiad 0 tlheor%&ﬂ: b aboytMdst 0sabRuis abbutsgch as a&adaﬂ

e ange o o QeAUNE s T RS BT eT L L IANG A BLAT
may be wt.% MoS,. Molybdenum sulfide particles having the size
ranges herein are commercially available from the Climax
Molybdenum Company of Ft. Madison, Iowa (US).
20 The pH of embodiments of slurries according to the
present invention may be in the range of about 1 to about
14, such as a pH in the range of about 3 to about 7, and
preferably having a pH of 4. The pH of embodiments of
slurries according to the present invention may be
25 adjusted by the addition of suitable acids (e.g.,
hydrochloric acid (HCL)}) or bases (e.g., potassium
hydroxide (KOH}), as would be known by persons having
cordinary skill in the art.
Yet additional embodiments of planarizing slurries
30 according to the invention may also be provided with
supplemental ceramic/metal oxide particles. Such
supplemental ceramic/metal oxide particles used in the
agueous slurry may comprise any one or a mixture of
silica, ceria, aluminia, zirconia, titania, magnesia, iron

35 oxide, tin oxide, and germania.
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25 adjusted by the addition of suitable acids (e.g., hydrochloric
acid (HC1)) or bases (e.g., potassium hydroxide (KOH)), as woul d be
known by persons having ordinary skill in the art. Yet additional
enbodi ment SVBRVOHEER i zing slurries 30 according to th&CTRFENEPWR2
may al so be provided with supplenental ceramc/netal oxide
particles. Such dJupsiddmental ebr sfuskieealamardensar tecltés RePFITH

the aqueous LML JHYSATR $8 (BNYo20EOkaBell ¥bUN 8ofber Sitdifdised
ceri a, al um ni a, zirconia, titanla, magnesi a, 1ron 35 oxi de, [ n,

oxi de, and gef®tahkha. CYPWOTEGEEL07 635 PCTF USTBHEI D08 I CTENRR R HErts

of slurries acgardi Ngrto,)t NGaBr esee hBvVedr | eriexhiibiyt dddHt pohi e
rates for copper when used  in_the CVMP process. Mre particul ar l;%/’
when potlssi URRLYRSAFE PRIEE) ShASTiRRTeEY AhIBXF WG afentdi FPRERE 5
mol ybdenum oxi fen shulises regky hi@hy.Gopper tdi ski@u eapper’o firMin,
polish rates %%g., up.to 1000 a g 470, rimmn, ,.respec 've% wer e
obt ai ned, as %ﬁqtéﬁ%lﬂ't F‘(&'ﬁeof’g g éﬁa%@@&;eﬂz&ﬁ H}ﬁ ‘%/IJF%&LHg
enhanced t he éxduplpal.i shddttd ont @falPaat e66Znced] tha. fEUnt pekiswherte
nmol ybdenum su] fi e]€ ticles were,added tqQ slurri om{ai i
KI 03 and PAA, éo c%ﬁ%‘é g?? mn}%f“ilglh rgﬁuggcqlc?fr ’ab“gh?n 7%‘6?3??(% mn LLL\/}felrr}‘nge
obt ai nexh Wi partpiotliesh weatee sdwietih tbhel kit Clshasmtasinimg &J.0pfandhePAR,
present inventj re Righ _fot .coppel.st he: PAsis ROl H8lR AR/ /sk f age.Of
t he copper te%%‘%%’?o%ﬁghco ered WI?% & thi ck, ineven ~m sty/rﬁayer wth
roughness val Qie’f_sala@dwi gh as about 150 rim as nmeasured by a _
non- contact opti C%Lhiﬁ[]e%mgﬁtﬂtes Lichhenpasio,pebiel suifaee galnd Y
is desired to be I gher, the CWVP polishing stép nmay be followed by a
20 buffing stepesent ohevenpber neke, hiaR BOKT i9RPRi%ep thavbPyewolis
addi tional |y polishi ng the CRRRRr tuhtiaget¥w bB doveibdt RSk SPedsi )
of H2Q21 gl yci ne, BTA, .and coll oi dal .
uneven misty layer with roughness values as high as about
150 nm as measured by a non-contact optical profilometer.
If the post-polish surface quality 1is desired to be
higher, the CMP polishing step may be followed by a
20 - buffing step. In one embodiment, the buffing step
involved additionally polishing the copper surface with a
dilute suspension of H,0,, glycine, BTA, and collcoidal
silica in de-ionized water at a pH of 4. The advantage of
using an H,0,-based buffing step 1s that H,0, reacts
25 spontaneously with molybdenum oxide, thus removing
residual amounts of molybdenum oxide that may remain on
the surface. Very clean and smooth copper surfaces were
obtained after subsequent buffing, some with roughness
values as low as 0.35 nm as measured by a non-contact
30 optical profilometer.
Polishing selectivity of one embodiment of a slurry
of the present invention between Cu, Ta, and silicon oxide
(8i0,) was determined to be 235:1:1 for Cu:Ta:5i0,, as

presented in Example 24.
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silica in de-ionized water at a pH of 4. The advantage of using an
H202- based buffing step is that H202 reacts 25 spontaneously wth

nol ybdenum oxi de, thus renoving residual anmounts of nol ybdenum oxi de
that may reX@PWOUH39% he surface. Very clean and snooth (?\é%@?”w"”m‘”
surfaces were obtained after subsequent buffing, some with rou hness
val ues as | ow as GEX3@nlem a8 ABdsafednByluenbhe cafghbion 30f ol

profil omet er.qRolighi i el KLU taeief Qg hodi veyt ﬂ’ie ac&ﬁpﬂfé'}éd.ngm
the present invention between Cu, Ta, and silicon oxi Jr (S Q2) \é_r\raof
I 4,

det er mi ned t Aieli35:0f BRR YWGEDTLOSREE, 189S -pr St

10 WO 2006/ 07r§i«3e92txﬁ’&T EpS20064 900892 ry Exampbes t 26nand r26 drwsentedt He
addi tion of eth e diamne tetra acetic acid (EDTA) to test the
conpl exr5ng aA ;L’of EDTA wi th copper ions. The polish rates for
the two specifi ed = ur:ﬁyrcmaﬁvtndenmatﬁeprﬁsﬁmﬁrmiﬂdm régdadimey Thel n
order to provjde further

tion regardiing the inventjon, t
fol | owi ng exarpies W)?/r &ré) °¥hed e‘%&%ﬁ’ﬁ]ee% p?@%erﬁroc}”bd dgw a?@e
representati V@:amﬂ:l;esameaeetedobeﬂntreadedrépresmtatime i andgntaneh ane
any respect. EXAI\/P 1 rrij es. anpl.es _1- used to
polish a copper ldits m%?vr%:ﬁg?”§ ?a%% e'"r*% rﬁ%acgg lr(?ln(:a%?f%egﬁ%&(—wp

polisher was a Struers DAP(r) with an | C 1400, k-groove polishing
pad. The carrier remained stationagyafdr& 1 -Was 15 not rotat ed) The
rotation rate of the platen was 90 revo utrons per mnute (r

The down-force pl &degrdgs tofe esppetedi sk lmasvers H@Gﬁdst?)epoga%ré

inch (psi) dpe S Adw Hd-PMJ ad eqYBge B %anESTE‘L%cﬁEBUN %k cMp
copper renoved fromthe surface of the disk CVP. was determ ned 20

by measuri ng BIeSREIgHTaY| Bf SEmEE SofPAFR %‘ﬁbeeﬂdu@ WX egrsoae
and after polpshidigndg sking THY @6eA8kdesmiimdy thetionary (i.e., was

15 not rotated). The rotation rate of the platen was 90
revolutions per minute (rpm). The down—-force placed on
the copper disk was-6.3 pounds per square inch (psi). The
slurry flow rate was 60 ml/min. The amount of copper
removed from the surface of the disk by CMP was determined

20 by measuring the weight difference of the copper disk both
before and after polishing, taking into consideration the
density of the Cu material, the area of the disk that was
polished, and the polishing time. This was then converted
into the rate of removal in terms of nm of copﬁer removed

25 per minute. ‘

The slurries of examples 1-10 all contained 3 wt.%
molybdenum oxide (MoO,) in deionized water. The mean
particle size of molybdenum oxide for examples 1-10 was 1
micron (1000 nm}). The mean particle size of molybdenum

30 oxide for examples 11-15 was 150 nm. Various amounts and
types of oxidizing agents were added, as identified in
Table 1. Fxample 11 contained 1.5 wt.% MoQO, with 3 wt.%
hydroxylamine hydrochloride ((NH,OH)Cl) as an oxidizing
agent. Example 12 contained 1.5 wt.% MoO, with 3 wt.%
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density of the Cu material, the area of the disk that was polished,
and the polishing tine. This was then converted into the rate of
renmoval in terns of nm of copper renoved 25 per mnute. The slurries
of exanpl esWPAY Y2 cont ai ned 3 wt. % nol ybdenum oxi de RGHER{U6{UA0892
dei oni zed water. The mean particle size of nolybdenum oxi de for
exanpl es 1- 10PRE3SIL Ui BB SN KMFRe nBan Hher 19t ik agent.
ol ybdenum 30g@xifeed ar3-a%aspl esorldrikd VRS, %maé%iﬁfaﬁfia@%n@maﬁﬁts
and types of oxidizing agents were added, as identified in %él'gb£_e1§.

Exanpl e 11 coffalRBet £ ARESh MG2wibth °3 Wi - 1Ry dF 8%y PEATH
cont ai ned 1.5 et S M08 i th 3. uE 96 1 V2006, 070300 L iarie actd
cont ai ne : 0 Wi . W .

PCT/ US2006/ Ooé\é\%é)_'EBFasEP%ﬁ?Eémné‘géﬁPéléRm&%Z{ s the B di SFREEY
agent. Exanpkespd8itliorad lamtbpicdiizhIngt r¥-kKkO8oni thevasypey atokindse
of Mb02, as noted. Thcg .pH,_[p slyrries for exanples 1-15 was adj usted
to 4.0 by thepﬁaﬁfﬁeo “of I%\%&Foghl oric acid 5 (HCl) -or potassium
hydr oxi de (KOH). The slurry conpositions and polishing rates for the
copper disk are presented in Table ﬁAgﬁﬁBLﬁ 1 Mean Particle

Exanpl e slurry conmposition Size pH Polish (nnm) Rate (nmimn) 1 3%
MoQ2 + 0.05M 1000 4 69 Fe (NOX3)2 2 3% M2 + O 1M Fe(N03)3 1000 4 88

3 3% M2 + O 2MFetiNSE) 3100604 —2S0—4p9 o2 —+—0-7594NG 3116604348
5 3% MbO 2 + [L%INC3 1000 4 221 6 3% MR + Z$#N03 1000 4 353 7 3%
Mo02 + 3% KI 1000 4 157 Particle
Example Slurry Composition Size pH Polish
(nm) Rate
{nm/min)
1 3% MoQ, + 0.05M 1000 4 659
Fe (NOs)
2 3% MoQ; + 0.1M Fe(NOs)s 1000 4 88
3 3% MoO,; + 0.2M Fe (NOs), 1000 4 230
4 3% MoQ, + 0.5%HNO, 1000 4 348
5 3% MoQ; + 1%HNO, 100G 4 221
6 3% McO, + 2%HNO,; 1000 4 353
7 3% MoO, + 3% KI 1000 4 157
g 3% Moo, + 1% KIO, 1060 4 123
9 3% MoO, + 2% KIO, 1000 4 345
10 3% MO0, + 3% KIO, 1000 4 1014
11 1.5% MoO; + 3% (NH,0H)Cl 150 4 68
12 1.5% MoO, + 3% KMnO, 150 4 31
13 1% MoQ, + 3% KIO, 150 4 169
14 2% MoO, + 3% KIO4 150 . 4 524
15 3% MoQ, + 3% KIO; 150 4 862
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8 3% M2 + 1% KIG3 1000 4 123 9 3% M2 + 2% KI03 1000 4 345 10 3%
M2 + 3% KI03 1000 4 1014 11 1.5% MDO2 + 3% NH20H) C1 150 4 68 12
1.5% M2 + 3% KMnO4 150 4 31 13 1% M2 + 3% KI03 150 4 169 14 2%
M2 + 3% RYDIVUEMWIR 524 15 3% Mb02 + 3% KI 03 150 4 86FCTAS20)H00852
2006/ 076392 PCT/ US2006/ 000892 EXAMPLES 16-18 Slurries of exanples
16-18 were used to polish a coppBFAHFLHRS deposited on a silicon
substrate by sput tgh,, 48R0 | Qfam 1&% CopPes fheh-@ had A €b apBlesnof, 6
i nches. 5 The CWP p0|rl sher was a Westech Mddel 372 with an - 1400

k- groove pol iSIFReF fddm PePosaierePlinds Srld{la‘—tO@d S3¥0 S& Tdie PYOfSPAY teFm

The platen wagdtiatied. at tAQ EBppedNei doWag for & asedhore tlhﬁ:hes
copper filmwas 6 pounds square_ inch The s| ur gt\%r at e

was set “at 208G ﬁ°118£%e“’%ﬁrcﬁjﬂ‘{es§fecé’o @Paréﬁ%vﬁﬁt?r
surface of the r%dvlecgalﬁs&bﬁﬁgqiaei Dy TENP-aBSi ghetvargTiraed thy maswm@g

t he sheet re5|stance of filmboth before and after shi ng
at 17 p0| nt s Fpr*fadPHcr od8et H?F?Frﬁ"ﬁﬁf?’i?hﬁg “Hbde Tﬁ%péip “ask
and a 4- poi ntfqudebe1adaeeonl § hiee SioPlo@{rC & 1as wmasmrgﬁd:rﬁis tdee sammre
points on the film bheforge and after O|IS The, neas d et
resi stances HOYH BEFSY e aﬁﬁeaﬂ%’fx%oﬁl Shi' g ngIag’ £hen agcgplgerf}ggl?
respectiiove fil mtiTheknasset bfformprandeafaverd fpoini she ngubised an thise

eSSl VLY W8T BLELLE! by Efip 20a CUAL DL AN | m AL cne

vol t age acros erence
starting and shemrdl I%mmlsmasof atha7 Cpoifitlen viepldh chbéarat ead &fter

aver age t hi C@”b%&%m%s £as ﬁ%ﬂQ%M&EC‘Q@@St bra ﬁiymd?&mltrt%e

polish time to |vet polish rate in nmmn The slurries
cont ai ned 3 mon%-mﬂﬁbd@ﬁaﬁfoxmaék and a 4*P01nt probe. Sheet
15 resistance was measured at the same points on the film
before and after polishing. The measured sheet

resistances both before and after polishing were then
converted to respective film thicknesses before and after
polishing based on the resistivity of the Cu material, the

20 current applied, and the voltage across the 4-point probe.
The difference between the starting and final thicknesses
as 17 points were calculated, an average thickness loss
was obtained which was then divided by the polish time to
give the polish rate in nm/min.

25 The slurries all contained 3 wt.$ molybdenum oxide
(MoQ,) in deionized water and with a potassium iodate
(KIO,) oxidizing agent present in an amount of 3 wt.%. The
mean particle size of the molybdenum oxide for examples
16-18 was 1 micron (1000 nm). Example 17 added 1 wt.% PARA

30 to the slurry. BExample 18 added 1 wt.% PAA and 1 wt.3
molybdenum sulfide (MoS,) to the slurry. The pH of the
slurries of examples 16-18 was adjusted to 4.0 by the
addition of hydrochloric acid (HC1l) or potassium hydroxide
(KOH). The slurry compositions and polishing rates for

35 the copper film are presented in Table 2.
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(MbQ2) in deionized water and with a potassiumiodate (KIO3)

oxi di zi ng agent present in an amount of 3 w.% The nean particle
size of the nol %/bdenum oxi de for exanples 16-18 was 1 m cron (1000
nm . ExanplVO 19958 %8d¥d 1 wt. % PAA 30 to the slurry. ExanpFEUSHUpMEE 1
wt. % PAA and 1 wt.% nol ybdenum sul fide (MdS2) to the slurry. The pH
of the slurries of exanples 16-18 was adjusted to 4.0 by the

addi tion of hydrochloric acid (HCl) Gzt gssium hydroxide (KOH).
The slurry conpositions and polishing rates for 35 the copper film
are presented in Table 2. 13 WD 2006/ 076392 PCT/ US2006/ 000892 TABLE

2 Mean . Partﬁ—e'!—e—Pﬁ'g;r?h-—Em‘p‘l—e—Sl—UTTrCUTrposi[io SIZeJPH Rat e
(rim (rimnin) 16 3% MbC2 + 3% KI 03 1000 4| 471" 17 (3% M2 + 3% KI 43
+ 1% PAA 1000 4 667 |18 3% MbO2 + 3% KI 03 + BaxtPal® 1000 4 |758°148Py,
MbS2 EXAMPLES #8mg3e 3 ur rsiescpiogeanploas 19 23iwerelused o pditiesh |a
copper filmdeposited on a silicon substratp bymSputiter depasydinOn.
The copper fiH-m-had—g-dtanreter—of—6—nches5—TheCyPputisher Tas e
Vest ech Model| 3735 wi t[3%aieq:¢ PACH% k- gr oove ptl®shilng?pad  THE
carrier was rotaied gtzsamsdte 3:0fo/2 1PMaThe ploat en was al so aset at 4d
at 75 rpm The—dowh=jf-orce—ptaced omthe_topper Tt was POURJS PE
square inch (psi3® THeSsMeRery 3FI'6Re rat® FRas| set® @t 200° 19 i /i n.
The amount off copper jridAoNed fromthe surfate of the sililcon
substrate by CMP was determ ned by nmeasuring the sheet resistance of
the-Cu filmboth before and after poli shi ng at 17 points spread
across the filmutilizing a EXAMPLES 135-23

Slurries of examples 19-23 were used to polish

-

a copper film deposited on a silicon substrate by sputter

deposition. The copper film had a diameter of 6 inches.
5 The CMP polisher was a Westech Model 372 with an IC-1400,

k-groove polishing pad. The carrier was rotated at a rate

of 75 rpm. The platen was also rotated at 75 rpm. The

down-force placed on the copper £film was 4 pounds per

square inch (psi). The slurry flow rate was set at 200
10 ml/min.

The amount of copper removed from the surface of
the silicon substrate by CMP was determined by measuring
the sheet resistance of the-Cu film both before and after
polishing at 17 points spread across the film utilizing a

15 home-made paper mask and a 4-point probe. Sheet
resistance was measured at the same points on the film
before and after polishing. The measured sheet
resistances both before and after polishing were then
converted to respective f£ilm thicknesses before and after

20 polishing based on the resistivity of the Cu material, the
current applied, and the voltage across the 4-point probe.
The difference between the starting and final thicknesses

as 17 points were calculated, an average thickness loss

14



15 honme- made paper mask and a 4-point probe. Sheet resistance was
nmeasured at the same points on the film before and after polishing.
The nmeasured sheet resistances both before and after polishing were
then conveVYPeéWsPE3¥%espective filmthicknesses before aRBTASREH/PEP2
pol i shing based on the resistivity of the Cu material, the current
appl i ed, and vée oditiage abhobsweRetdepoiiidadoby. thehpodish ekt &0
between the s i hi: ck as 17 points were

cal cul at ed, ‘?ﬂla‘é‘%/eﬂ;}%g %ﬂﬁs@kﬁégé o PR, 5 2006/ 076392

PCT/ US2006/ 000892  was Toist a3 Heek v cal hasorbahnetviddedt fy FREYRAATEH

tl me to give,ihe rmgbs)h r@ﬁ%lbﬂl@@ﬁrﬂé\:eﬂ-gﬁdstﬂ'{ﬁ'a?%ao%'alssﬁaﬂtﬂbc[ﬁda 3
. % nol ybdenum oxli dei oni zed Water and wth a tas i um

|odate % (K @0@xpﬁi§4W%@&ﬁn%Pé§§ﬁFt|W &% aWBHRE of 3 YWt %

mean particl e;giamgi8hi0f ot heiaRkybdenym Qm&eﬂoqybd%mpl esld.@ 2o
was 150 nm Exanple 20 added 1 nM _benzotri azol el%BT%) si urny-
Exanpl e 21 aderedmalesy 185581 y48ey| telacdi ( PART g s 8?1 3

Erarml e 22 101?@515&%21@539&\& P Tzer y’copyhedsmunffychl @xiate1eCRA) ddviechel
slurry. Exanple 23 e % PAA t he ur

pH of the sl u‘f‘?rgésp%E %sa‘iﬁd é,@&gg 84 ggt éséutrry4 Os‘éﬁla

addi ti org of hydd&@ghDoLi &tas dedt{dl) pyﬁidnutmschhohyde oXc#&e) (KoeH)the
The slurry conpositio an 1 al j i ate o] h i
are present ednﬁﬁr%'bl %L%aéi a%t?c én%x? I&ﬁ %I uﬁéy}m‘a
Conposi tion SszerpH PoD?hsh rRat @f (hhp @hntma; of9 %Wti@@ + BRKICB
150 4 695 Zoag’j@@@eqzto 0./?)@93’&he Ja%ig.ll%lézlof]}{%&-rﬁlorlc acid (HCl)

or potassium hydroxide (KOH). The sluxrry compositions and

15 polishing rates for the copper film are presented in Table
3.
TABLE 3
Mean
Particle
Example Slurry Composition Size pH Polish Rate
{nm} (nm/min)
18 3% MeO, + 3% KIO, 150 4 695
20 3% MoQ, + 3% KIO, + 150 4 471
1mM BTA
21 3% MoO, + 3% KIO, + 1% PAA 150 4 997
22 3% MoO, + 3% KIQ,; + 150 4 913
0.1% CPC
23 3% MoO, + 3% KIOs + 2% PAA 150 4 660
+ 1mM BTA
EXAMPLE 24

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

having a 1 micron SiO, layer applied by thermal oxidation

i5



21 3% Mo2 + 3% KI 03 + 1% PAA 150 4 997 22 3% M2 + 3% KI 03 + 150 4
913 0.1% CPC 23 3% M)02 + 3% KI 03 + 2% PAA 150 4 660 + 1nM BTA
EXAMPLE 24 Silicon wafers (6 inch dianeter) having a 0.3 mcron Ta

| ayer depostPeel§y63&hutt er deposition and wafers havi ngCa/UB2HpR408R
Si02 | ayer applied by thermal oxidation 15 WO 2006/ 076392

PCT/ US2006/ 000882 swps eaisehar b bl ghed| wibedawipcl ighpoli sHivggYs| urtie
The anount of copper.and r % er.Jy et using a
f our - poi nt pr%lﬁ%l,1 an%f Scﬁlég‘?lémg){v{gd%gr g%ﬁoﬁghsﬁﬂ%%%@%ﬁ sili g n
waf er by CVP fiasrfmesistr @dobsi ngndnSipt renpvedi FEat fidromdrdpcei ﬁfoq'tf‘er
to determ ne {he, e _qf-_re al Ay N r of ;4% rizal 61@@113/@51
per mnute. ‘I‘%féflé{olaﬁrff%dfﬁrl rggd %%énpﬁ“a?egﬁgga}tlgfam@%%igﬁum oxl de
(M) ih dei bntestewaedeni th poeasstameiiaiae ReoTRtExPEi LAY 2!

agent present.,| e r Y1 Thend e drEsdl: PRl e si ze of

t he nol ybdenu%&%‘é@;%%xg%p%e 24 was 1 m cron &1900 %n%l Th(? CVP
pol i sher was a West ech Theoduryr Wldh 257 FErREHBSAKS g8y B°bEPTEH thy
pad. The cargigge V\@&obgfrati%d MichiAlE 0htdd Kath Therpdsihen wedate

also rotated at 40 rpm_  The down-force BLaced on thet15 COpRer, fiﬂg

was 6 pounds PEFORqEEIELFHRS FIRTY PrPRENC ST AR FPER T & & Was *200

m /mn.{Jhe shyss Yoas di0R oENGhpohod Byibdenumatest deorf o@u exdmp L anit

S 02 are presente%@i n Table 4. TABLE 4. Cu ' e

Pol i sh Pol | sh"®8l i sﬁl°&%6§9?9 oﬂégat e%&%t 8Jga§89%ﬁiﬁ1'aﬂ?g(%%k%g%‘m
(nmmn) 24 8% dR7% #Idh2aB IC-1400,

carrier was rotated at a rate of 40 rpm.

k-groove polishing pad. The
The platen was
also rotated at 40 rpm. The down-force placed on the
15 copper film was 6 pounds per square inch (psi). The
slurry flow rate was 200 ml/min. The slurry composition
and polishing rates for Cu, Ta, and Si0, are presented in

Table 4.

TABLE 4

Cu Ta Si0,

Example

Slurxry

Composition

Polish
Rate

(nm/min)

Polish
Rate

(nm/min)

Polish
Rate

{(nm/min)

24

3% MoO, +
3% KIO,

471

2

2

EXAMPLES 25 and 26

Slurries of examples 25 and 26 were used to

polish a copper disk having a diameter of 1.25 inches.

The CMP polisher was a Struers DAP® with an IC-1400, k-

5 groove polishing pad. The carrier remained stationary
{i.e., was not rotated). The rotation rate of the platen

16



3% KI 3 EXAMPLES 25 and 26 Slurries of exanples 25 and 26 were used
to polish a copper disk having a dianeter of 1.25 inches. The CW

polisher was a Struers DAP(r) with an | G 1400, k 5 groove Polishi ng

pad. The caVPPrWY&Hai ned stationary (i.e., Was not rofST@E5006/ g2
rotation rate of the platen 16 WO 2006/ 076392 PCT/ US2006/ 000892 was
90 revol uti orisapePlni rRRA Yt TRRC dBWAVESr c&PPl-acedPén THE clopest

di sk was 6.3 pounds HeroRANYBeNel sk Rak) 6. 3TF8uﬁaslr ¥r f 4 QW Fat Enanas
60 m/mn. The anmount of copper renoved fromthe surface of the dlfsk
by CVP was 5 Heskrni 488 BYuRBastI*hdatfe "asi GRH M er enBE FPOWHE ©

copper di sk bgih.bef pafornd afdercpol behfage bakiAg AR by CMP was
consi deration the densit% of the Cu materi al ,, i}hev\grlgf of the_disk
that wa® pol | SPEREMERRA  RE FHIRWIAG tFhRe. "Rhodt WS FondEr t
into the rate-@fpsLrdMH HotH Sefrel ahidmaft@ropotopheny/ ety paito
m nute. The slurrjes of exanpl as 25 _and %%ea%dr‘ﬁecont ai.n

er.

d W, %
nol ybdenum oxFeRE+ 19 tEi BRMIEHY wat maﬁ@&ﬁagad;ﬁ& S
of nol ybdenumigxi dles athaltotvhsepabpslesd, 2nanthe2@oldshing tima. (10
nm . Various anounts and 15 types_of,_.oxidizing a r e
Ldentified | iioTaHiSh SONEPRFPoRt ey ﬁa«%%a%% R &E‘ege?ﬂg 8 P
additiaro of af wodpeat _hya!n@rwedd'pam ménp’e@ra aceti c acid (EDTA) to
test the conplexing abidld 0, FRIAMdAnEA0R5 51 Je 26THEL SbMddhed
conposi tions and polishing rates for the opper 20 disk are
presented i n Tabke?5SmoTABiEnEn Muside EXMele 191 daiprdaeposiatiesn  The
5865' Z' i 42H FRLish,a 828 falie e U Ho1(BReRUR) 02248 7B0 204t B % Kdmp1 b
25 and 26 was 1 micron (1000 nm). Various amounts and
15 types of oxidizing agents were added, as identified in
Table 5. Slurries of both examples included the additicn
of 1 wt.% ethylene diamine tetra acetic acid (EDTA) to
test the complexing ability of EDTA with copper ions. The

slurry compositions and polishing rates for the copper

20 disk are presented in Table 5.
TABRLE 5
Mean
Example ‘ Slurry Composition Particle pH Polish
Size Rate
{nm) (nm/min)
25 3%Mo0, + 3% KI + 1% 1000 4 146
EDTA
26 3%Mo0Q, + 3% KI + 1% 1000 4 259
KMno, + 1% EDTA

Another embodiment of an aqueous slurry may
comprise molybdenum trioxide (MoO;) and an oxidizing agent.

The MoQ, may be present in an amount of about 0.1 to about
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EDTA 26 3%b02 + 3% KI + 1% 1000 4 259 KMO4 + 1% EDTA Anot her
enbodi ment of an aqueous slurry may conprise nolybdenumtrioxide
(Mo@B3) and an oxidi zing agent. The Md03nay be present in an anount
of about 0.¥OZ8dB&dE 17 WO 2006/ 076392 PCT/ US2006/ 000F§A/USEP6Igp0ss
such as about 0.5 to about 10 wt.% and nore preferably in an anount
of abguzI 0.5 10 arlnoat, Sush. %s 'Iéfhmumtﬂ-yﬁod’enuabbntoﬂiOdevt( Mo CFHndrayo e
provided in p m.suchth epum,t 3
visi bly di ssoP(?%ge%a]%iY sUbEFaRTY ﬁg?y Vi) ygdlgsg%la\(/ﬁecgj% g,ewq-_l\/a The
oxi di zi ng agemblybdéeumod yiecke clem (MePex iy fowdero g chaveravaeantorm

particle sizg of %g%ytth ng?%‘?%%#oﬂog‘&%smg% 08 kehes 88l Yes

| ess t han abouP as neasure Hori ba | aser
scatterifhg anatywstm‘#@rléhfl yispebkidig srd vies| ybd"el?ﬁ,u rﬂ&lﬁlé%inﬁea%%@)

powder s hav'n@héhﬁgﬁﬁﬁaéﬁéma{fioﬁﬁ&%tﬁdﬁ&@ﬁSﬂgyeﬁaﬁ@ @nméﬂﬂeﬁﬁﬁtlcle

sol ution of deionize he oxi di zi ng agent As used _her ej
the ternms "dpsgel eEdabawe 18 bnm dilds ghregns! r éR6r MPEesBFGE FHAR y

wherein the p%chlt@énofaggggs 13109 atnm east mRakbhfl | ¥s hﬁeaadﬁ@@ugiy not
necessarily conpletely, dissol ved. Stated. another %racfley ution
a

cont ai ni ng paHPFéPés W%Cﬁcﬁﬁiﬁr%&peﬁ?%ﬁﬁ%{ant i G5 rSB?aEmg

" Vi si bl yp di SSfaby?H ﬁ@zntEﬁoﬂ%iéeCtM@!D@ PoRte tN Qg nighe hpaet stkes afe
MoG3 may not be teli di,ssol ved. 20 An alt rnatlve ntﬁg nent
of an aqueousvé%PHj CH'&)?O BRpr ide DI FHYFE 8“3m5d° i S50 g?%n 0
mol ybdenum t {;h@¥i-dend nclen oaawaauagsagunton B weidhiczedmpatee aadnan
oxi di zi ng ageq f orm nol, yhdi c.

may be fornmed 8§lsﬁ¥§‘§%‘fi ﬂ@d m)Y%/%%jbaf ﬁ%gcﬁg‘?%?“OP@%%E%%PT]%%FQ%QS

or nol ybdat eSwhEraﬁan)tlh(él zoangk 1 oriech ucm“ The;t erm "atol sy@@w*@ Rergiadsy,

used hegein refers bR n30Y nRURONDh §OBLALILEG P! ¥bEsLREN] seRBbY e
another way, solutions containing particles of MoQ; may
appear substantially clear or “visibly dissolved” to the
naked eye, even though the particles of MoO; may not be
completely dissolved.

20 An alternative embodiment of an agueous slurry
may comprise molybdic acid. The dissolution of molybdenum
trioxide in an agqueous solution of deionized water and an
oxidizing agent may form molybdic acid. In addition,
molybdic acid may be formed by dissclving molybdenum

25 métal, molybdenum oxides, or molybdates in an oxidizing
medium. The term “molybdic acid” as used herein refers to
any compound containing molybdenum and capable of
transferring a hydrogen ion in solution. Embodiments of
the aqueous slurry of the present invention utilizing

30 molybdic acid may comprise the same oxidizing agents,
complexing agents, surfactants, corrosion inhibitors,
acids or bases, and supplemental ceramic/metal oxide
particles as are listed below for the molybdenum trioxide

aqueous slurry.
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transferring a hydrogen ion in solution. Enbodiments of the aqueous
slurry of the present invention utilizing 30 nolybdic acid may

conpri se the same oxidizing agents, conplexing agents, surfactants,
corrosi on iWAPHELERE  acids or bases, and suppl ement al PESUSHVEPWBL2a

oxide particles as are listed below for the nolybdenumtri oxi de
aqueous slurry. 18 WO 2006/ 07&302r PCHASRBFELONBARIcethErM@ variety

particles may o&%n@i?gél@ﬁgmié&{%ﬁn\i‘?lg' ﬁ}:é/?&f:sgp IXM%%TSCO%%CI na{sn,gf r

precursor materials, such armoni um ol €S’ ’an
rel at ed corrpo&’f&g‘P §s amEqnigg ﬁ%ﬂ%&é@@ﬁ@m @@Céieseba’e%r edmpo@mza, as

variety of 5 peotessesmoi9Whehiint Rgidkk, ;%25 lpd%nuyamet of
precursors and products can be made int rt| es of varyling Sizes.

Mol ybdendm t r PERFEESBEr EPEYRsI % hheaBIré: f@heﬁgénlmPthﬁ@?WE§€ﬁpursors
i nvention ar eaﬁd”p‘ﬁb@h@t‘s)/céw%é ablie &ﬁem ﬁawcﬁeleé/aéf %ta)ﬂsy%gSQEE%ES
i ncluding the Cﬁ ybdenym 10 ny o
(US). The oxi8f Vﬁgeﬁtj’@nt“i}so@&dﬁn tﬂ?rﬁﬂc}ﬁéen%%t%t?lr%xﬁ@é (uIE@CBf)n nmaje
conpri se any pmesentalﬁvéhui@nOérefﬁﬁhﬁgﬁﬁldxyy»gﬁyglgHQQZkroﬁegrhgde
nitrate (Fe(h@é}B& po aSS|un1|odate ; %{ nitric aci K%

pot assi um 15 parfanganat e pOCALEi Bt pbie ul ey Séﬁbﬁenum
annnnluhOpersGme&ey(QﬁwmﬁZSMK&ﬂaonpouasslmUBperlodate (KIX™), and
hydr oxyl am ne ( NH2OH) . ro r oXxi de |d|2| a e

! esent ( T BRIy ot Boedl o aEBue MabvhRopun

present in concentrations rangl ng
H2C2, such astabexidd t@og) abeut c:b@pm%eHZﬁyamhermasze ar efiertailey oA

a concentrati 90qrQkePOPL-3: W0 HETR, | Ferﬁ%grgétrgt o) |d|?% g%%aept
3

may be present in concentrations raﬁglng Fom abou
0.2 mol ar (M PRERROBYB, iogekeas(Klifolt Gitrico abbiit (BN2,M BFetABS)@En

and nnrgsprefgégﬁéﬂgaﬁh@bcoqg@ﬂ@rat|q%% shgut EérgufoQJE(g%g%ng,

Pot assi um i odat e oxi di zi ng agent na resent“In concentr
rangi ng from SFBRIU t oPEPBUETHEE (NH,)25;08) , potassium periodate

(KIO,), and hydroxylamine (NH,OH). Hydrogen peroxide
oxidizing agent may be present in concentrations ranging

from about 0.5 to about 20 wt% H,0,, such as about 1 to

20 about 10 wt% H,0,, and more preferably in a concentration
of about 5 wt% H,0,. Ferric nitrate oxidizing agent Ihay be
present in concentrations ranging from about 0.05 to about

0.2 molar (M) Fe(NO,);, such as about 0.1 to about 0.2 M

Fe (NO3);, and more preferably in a concentration of about

25 0.2 M Fe(NO3);. Potassium iodate oxidizing agent may be
- present in concentrations ranging from about 1 to about 5
wt% KIO;, such as about 1 to about 3 wt% KI0;, and more
pPreferably in a concentration of about 3 wt% KI0;. Nitric

acid oxidizing agent may be present in concentrations

30 ranging from about 0.5 to about 2 wt% HNO;, such as about
1 to about 2 wkt% ENO;, and more preferably in a
concentration of about 2 wt% HNO,. Potassium permanganate
oxidizing agent may be present in concentrations rangilng

from about 1 to about 5 wt% KMnO,, such as about 2 to about

35 4 wt% KMnO,, and more preferably in a concentration of
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wt % KI O3, such as about 1 to about 3 wt% KICG3, and nore preferably
in a concentration of about 3 W% KI03. Nitric acid oxidizing agent
may be present in concentrations 30 ranging fromabout 0.5 to about 2
W % HNO3, SHERUa47E¥out 1 to about 2 w % HNO3, and, noPETHSENEPEBI2y
in a concentration of about 2 wt % HNO3. Pot assi um per manganat e

oxi di zi ng agengbomRy 3bertsr eSRML, , | nPG@@@:e:tlhﬁ abe ONS1 AW G difFien abeut
1 to about 5 wt % KMhQAr h,as outt2 t o about 35 4§¥$me 4, .and
more pref er abl®PY K€ pESﬁ@E‘f%t 5t F8ﬂc8’F T3 RNS T T out’ 1 to
PCT/ US2006/ 00G2@2it &bett Kzsgo% KMﬂ&ﬂ.aQOakassu um persphiate wd d,3109

agent may b resent_in_c rations ran froma ut, 1 to

about 5 wt%Kf%fS %euc%r% %erTtH 't 8 a %\ﬁt Ba_LbO"%dE’rrB’Fé

pr ef er abby i n KaSgpncmimcatiion pefrsabbdate Sawntc%ﬁﬂQZSJ_:;@&t AayrE piresent

persul fate OXI | e n ncentratigns .rangi

f rom about % %%%%%&Q%Nﬁ%%8%?&ha}g‘gugbguttaoz %‘goa Q ng
wt % ( NH, )2820( H, bg¥d0e smrorvsipragf edlabity 4 nta domctend r wt % o(NBS) zaiﬂaut agd
W% (NH4) 282%repogﬁé§é%9§r'ﬂ#ate WLALAL DG RERN! oFBYa R0 5 oft®

(o]

present in concentrations ranging from about to about
such as about ¥HgbeSaBout EO\‘RP%KPIMPeéﬁédﬁﬁﬁe oxgidifzdngbl 3oent anay be

concent fation Rsaheutin3 c‘&tn%éﬁlt:%tloﬁydf:%é‘iﬁﬁn E@oﬂxhgbétng EQGQBO{I@’
be present in_ concentrations ranging from about 1 to about 5 w %

NH2OH, 15 suchYAS &ABBut UG 2HoROW Wt F NI ohdvHoriel G eﬁé?‘a{‘}Pye

in a concentr griegarabl aboii ?a Wc¥nIER EFh t Aedli tdoNaldatt complhexi nro,.
agents may be used HE t he nol ybdenum tri oxi de (Mb(O3) aqueous sl urrg.
Conpl exi ng FERRpr P& ART N Bne AFETE i R8Vir e PERIGE 201

(C2H5N02) , al mmnen(:ﬁstﬁzzbiﬁ)é)xawgmrrg) ity mbeouacilds o @éb’GNOQ)wt% NH,0H,

(EDTA) - TammontACENER) Sopdi Tyt Sriotio At MRy S5E s eg nepby
like citric a(,L!nda( @_Ghlseﬁﬁn;atpmmadﬁ abaatd 3 ESHIHEEOH) 2), oxalic acid
(C2H204), acetic acid (ﬂ&%é’fanaf’ﬂq' complexing agents may be used in

the molybdenum tricoxide (MoQO;) aqueous slurry. Complexing
agents may comprise any one or a mixture of glycine

20 (C,HsNO;) , alanine (C3H,NO;), amino butyric acids (C,HNO,),
ethylene diamine (C,HgN,), ethylene diamine tetra acetic
acid (EDTA), ammonia (NH;), family of mono, di, and tri-
carboxylic acids like citric acid (CgHe0,), phthalic acid
(C¢H, (COOH),), oxalic acid (C,H,0,), acetic acid (C,H,0,), and

25 succinic acid (CH0,) and family of amino benzoic acids
(C,H,NO,) .

Glycine complexing agent may be present in
amounts ranging from about 0.1 to about 5 wt.% C,HNO,, such
as about 0.1 to about 3 wt.3% C,HgNO,, and more preferably

30 in an amount of about 0.5 wt.% C,H;NO,. Alanine complexing
agent may be present in amounts ranging from about 0.1 to
about 5 wt.% C;H,NO,, such as about 0.1 to about 3 wt.$%
C3H,NO,, and more preferably in an amount of about 0.5 wt.$%
CyH,NO,. Amino butyric acld complexing agent may be present

35 in amounts ranging from about 0.1 to about 5 wt.% CHNO,,
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25 succinic acid (C4H604) and fam |y of am no benzoic acids

(C?H7NO2) . dycine conplexing agent may be present in anounts
ranging fromabout 0.1 to about 5 W' % C2H5N02, such as about 0.1
to about 3 VWP 2046PEN02, and nore preferably 30 in an afSEHS2YHOUWEYuL
0.5 w.% C2HS5NQ2. Al ani ne conpl exi ng agent may be present in anmounts
rangi ng from bttt 851 akputabBul Stam aPeEBHANORL. %ucmiﬂalsozaboathnﬂaﬂeo

about 3 wt. % GHFENER) yand I f i
w . % C3H7N02 Ami no bgtyrlaizH)aamo Bgogn%%gjxc%hr?geagg‘?l n%)nalwyhbe zprgEgtgﬁ'

in amounts rarffiafgRer SATRBRRAND 2Dt ABBUPe S ustsSHtCARBNIRINt 20-a00ing

2006/ 076392 PQHkIS2066L 09082 Bk 8Syab b 04
CAHONCZ; and r ef er abl | n a% gn%ﬁn?%zfloﬂa otlit(acg. gg &B}g\%}éﬂ%&\ﬁﬁ.
Et hyl ene® di a%%i’?él cgmﬂte%l dgentiAajicse prefentbly anvant smoanyi ng

from about 0. hbootabobtwb. WCZ%BQI-BM%M%BQ é§aﬁﬁ?é’tt9c£aota%e5ci%b%ic13
. % C2HBN2, and go &ref erg in an anount of about

CZH3N2 Et hyl & A e2P8E T a™a¥e PPc PEEFENT c dRplRERIRG Sagenuingy Fisem

present in amaul;mus @ahgimgzhfcﬂﬁm’i abo%ltEJﬁfpl, tg@malbggt aBoWt - PO ERApgHEN

as about 0.1 to @bgt#%%% M % EDTA, and preferably in an anount

of about 0.5 TO"f AR SRR PE W\@naﬁénf"mﬁ‘a?tbéf PResEnp - P n

amount stPangi wW§ - #r EBTAboutAmPuch ito @h@ﬂe}ﬁd@t é’@dﬂ'&S ma%uqbea redbOut i1

0.1 to about e bl nt__of about
0.5 wt. % NH3. §OM[3?I c amgdﬁ?:;grrpglfg{enxalﬁég ag{ﬂt tg 1%% 5prw§s ntHim SRFBURTE s
rangi ng from abeut 0.1 to apout A5G WMV, CﬁH&Oﬁosecbrafea@Byy Onlzho

about 3 W . % 6REBRY .0 2BE -0 €5 REef bly nt of about 0.5
"9 C6HBO7.  Phthalic acid conp ex%ler[?% agecr%tt'grﬁay eélpr TRAGing agent

armunts rangfay ¥¢ dmssoilt 1o ﬁmpénaﬁommﬁlw BHD6 HHDEOH). 2 suchbast

about 014 to sbguis X o/ Q@!FH 0 r f.erably in an
anount of about 0.5 \/3\%Yta s ggogb%gtd‘:g?l%@a%ﬁ{tecsgnp e%xFZIQOage?ﬁd
may be presenf®Th Bib ﬁ’f%b?‘-‘éndflngmr@ﬁ?ufatboaﬁ @bputo Gifourt 55 WEHE, .

C2H204 such aBhetliic Gcid @@RUdxing agent may be present in amounts
ranging from about 0.1 to about 5 wt.% CeH; (COOH) , such as
about 0.1 to about 3 wt.% CgH, (COOH},, and more preferably

20 in an amount of about 0.5 wt.$% CeH4{COOH),. Oxalic acid
complexing agent may be pre.sent in amounts ranging from
about 0.1 to about 5 wt.% C,H,0, such as about 0.1 *o about
3 wt.% C,H,0,, and more preferably in an amount of about 0.5
wt.% C,H,0,. Acetic acid complexing agent may be present

25 in amounts ranging from about 0.1 to about 5 wt.% C2H402
such as about 0.1 to about 3 wt.% C,H,C,, and more
preferably in an amount of about 0.5 wt.$% C,H,0;,. Succinic
acid complexing agent may be present in amounts ranging
from about 0.1 to about 5 wt.% C4HgOy such as about 0.1 to

30 about 3 wt.% C,H0,, and more preferably in an amount of
about 0.5 wt.% C,H,0,. Amino benzoic acids as a complexing
agent may be present in amounts ranging from about 0.1 to
about 5 wt.% C;H,NO, such as about (0.1 to about 3 wt.%
C,H,NO,, and more preferably in an amount of about 0.5 wt.$

35 C,H,NO,.
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3 Wm.% C2H204, and nore preferably in an anmount of about 0.5 w.%
C2H204. Acetic acid conpl exi ng agent may be present 25 in anmounts
ranging fromabout 0.1 to about 5 wt.% C2H402 such as about 0.1 to
about 3 wt . YPCHWHP2 and nore preferably in an anount J&CTASIEESY
wt . % C2H402. Succinic acid conpl exing agent may be present in
amounts ranging from abobod@ménts a@ifouslifmites)o €AtEOh igiec hnelsyatitin

0.1 to 30 abouf,3, ;.20 4, d e pLeferabl agount .of .
about 0.5 wt. % CAHBOZ, g@&%g b oi E:I%amlgés gra (c:%r(ripl"é% 4 SHEHETRE

be present in @piprtantangiany fa@mlaijbut s@riat¢aniaboudrs wt WaEAANG

such as about out r.ef bl n.an
alrJrDunt of agou%rjfééﬁv%t%l%/ou ?:ﬁl eC7aﬁ$ﬁ8gw2%c%%ggyg{fgggz& Ul

PCT/ US2086/ 0009 *YERSYUi GPEWES S6f asivuramice s> ontrad kg o mnﬁwnylic
trioxide (MORcimny(@®0 be Ree¥bEediM Lhig nani opic, surfact

anionic surfactant, or a cationic surfactant. The anionic sur ant
used in the adiidéds 8FsIifS y SRRy s cotpriedondy oneidr ar rﬁtizﬁur%ald:f, a

pol yacrylic E;ﬂ'lcd;p(i'lBM): a@1@%£0¥ﬁ£|§a§€| da:9d atélﬁﬁl,éuc&rﬁl& WilC or
ester or its sal sul fonic acid or its salt, a phosphoric aC|d or

its salt, and Ja SLﬁaf Succlit cCakionts Sprfachant wRedcahi shec agqueous

sur f act éﬁt used.unryt e yaqregis sk0 Syl bje MBY @rmiiﬁﬁ:eanc\’foaepgﬁméry
m Xture of a RId0R Y, aflne or |ts sal t, gsecondar amine or its

salt, a terti ér{ry amhelo? itsalt, ST HEHatBHIE yORNIHE oFatis 2@
salt. The nonitemtdasur émthantr neys lmlcb:neaﬁd a qim(wfleaﬁy an@iRe ok the

famly of pol ﬁ%yle@ﬁegéaﬁx%ﬁiczg%r %%%%%'mzyoé?d%%e b%F§ﬂ€555§r°f

trioxide (M3 ueous slurr al'so be p
corrosi on i nhioget 6f wWhe chamely cﬁtﬁqula@t@m’)le@Begmycalsm xture of

het i i |
eterocyslic organic cogpougds plﬁﬁc udi g m%@cﬁér{d zal.g (f éﬁ L iMo0s)

benzi m dazol e, poly triazole, nyl 20 tr h| on an
derivatives. PGMEABF, §H&TY may also be provided with a copper

corrosion inhibitor which may comprise any one or a
mixture of heterocyclic organic compounds including
benzotriazole (BTA), benzimidazole, poly triazole, phenyl
20 triazole, thion and their derivatives. Further, the
slurry may contain any combination of these surfactants

and corrosien inhibitors.
A preferred anionic surfactant used in the MoO,
slurry is a salt of dodecyl benzene sulfonic acid. The
25 addition of a small amount of the dodecyl benzene sulfonic
acid {DBSA} anionic surfactant to the slurry drastically
reduced copper coupon dissolution rates to about 0

nm/minute and blanket copper wafer polish rates of about

750 nm/minute were obtained. See Example 34. This low
30 copper coupon dissolution rate indicates low dishing of
copper lines during pattern wafer polishing. Dodecyl

benzene sulfonic acid surfactant and salts thereof {DBSA)
may be present in amounts ranging from about 0.00001 to
about 1 wt.% (DBSA}, such as about 0.0001 to about 0.5
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slurry may contain any conbination of these surfactants and
corrosion inhibitors. A preferred anionic surfactant used in the MoO3

slurry is a salt of dodecyl benzene sulfonic acid. The 25 addition
of a smal|l WRFUM'$¥2t he dodecyl benzene sulfonic acid (RSSSEPOKANIESIE c
surfactant to the slurry drastically reduced copper coupon

di ssol ution rékted t(BBAdbutawd heFei RuLEcEpblY| anker coppac aff eabout
polish rates @fpo@paut s 75@sAyi m nute were obtained. See Exanple 34.
This | ow 30 copper coupon di ssolution rate indicates | ow di shing of
copper |ines during path éxgfagres FEPP8Ri RELrEpHeyinhiRmarsed in

sul foni c aci desairi@s! antirapdisabbszbher 20614 DBSAY) . Myhdeadieseit di
anounts rangi ng from about 0.00001 to. about 1 wt % 6)ﬁe%égsuch as

about 0.2001 B ab6utthe 5518r)0P3eH6I57 639 P@T? U§2€G 82 rafiesy,
(DBSA), and r@rsspreiangblky idsanamEnt nafnaketé. @eQ0LxuhpYe s DESA) .

A preferred €. L COrrosio iitor used in the slurry i
benzot 11 azol ooy BTRFASFHEL At ¢ | It COBPREACPEr BT RORrp b BUiRY Do
down t he di ssatasdann :Jmt:eﬁcdlﬁia&tﬁmid yranigd nige § sort heso &0 1ntrb nalnari e .20
See Exanples 3 33.. Be ri oIe BTA er ¢orrosi i nhi bi,t.or
may be pr eséht Jht%oolr?creﬂfnﬁgit ranglah 3 081‘&?\ ali ?gnﬁ%oﬂ%%’
mlli-ndgl ar (i oSk psaéhra]slzabcwta a;ongeabuata.dm:) crﬂ\/laBA,t 10 mMBTHor e
preferably in a concentration of about 10 nM BTA. The pH of

enbodi nents of MbO3slurries according to the present invention may
be in the range of aboudhelpoof aythpdiwentsycif HoOaspeirihes crarijaof

about 1 to abgutiR Pr@e@nerﬁi@éﬂa&l hay Be éﬁpéw 2ARRUL £ 2aSoutd NE R

of 15 enbodi nents o | urries accordi ng resent invention nay
be adj usted WBPIHe dddsEFbredfe Sl dablkecatruge (Céf GPoutadetp ki) or

bases (e.g., fofapskug) Oﬁhﬁiﬁlg as pMoWsd heodenosng by PEHSOBR of
havi ng ordlnary skill int art.
mbodiments of slurrles according to the present invention
may be adjusted by the addition of suitable acids {e.g.,
acetic acid) or bases (e.g., potassium hydroxide), as
would be known by persons having ordinary skill in the
art.

20 Yet additional embodiments of MoO, polishing
slurries according to the invention may also be provided
with supplemental ceramic/metal oxide particles. Such
supplemental ceramic/metal oxide particles used in the
agqueous slurry may comprise any one or a mixture of

25 silica, ceria, =zirconia, titania, magnesia, iron oxide,
tin oxide, and germania. A preferred supplemental
ceramic/metal oxide used in the MoO; slurry is colloidal
silicon dioxide (810,). Colloidal silicon dioxide (S810,)
may have an average particle size of about 20 nm.

30 Embodiments of MoO; slurries according to the
present invention exhibit high polish rates for copper
when used in the CMP process. More particularly, when
molybdenum trioxide Mo0O; particles were dispersed and

dissolved in an agqueous solution containing hydrogen
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20 Yet additional enbodi ments of MoG3 polishing slurries according
to the invention may al so be provided w th suppl enental

ceram c/netal oxide particles. Such supplenental ceram c/netal oxide
particles J8@AWH®He aqueous slurry may conprise any BREU§I0¢000892
m xture of 25 silica, ceria, zirconia, titania, mnmagnesia, iron oxide,

tin oxide, andPegfé’Piﬁ:alﬁl andAgby@fra road eap@lmmtcwppe@ecnm ﬂum:tyal hlgh
oxi de used in 4;he “@S@;éfu“rfé/t 59 qgl ém daalb é& I '23(3'5 d rhdfutl(i ?ge

Col l oidal silicon dioxide (S0 have an average par
of about 20 nﬁbtﬁenEﬁlbodiW@rofch%@Mmrcrqmnadcesdﬂ.ugld;m :r:taltes in

h . t h ates for n
present inventiher @xli-bit Ri-ghapebis ﬂ Eg 12 mmﬁ%@%l)

the CVP process. More particularly, ]yb enum
particleS wer &8i §'§€F‘§é& &8d  dihessl \héam fissodgbéons asdl giibdnpolish

cont ai ni ng hy&e@genlnaicwﬁb2QQé/93@%98 Bﬁgﬁy§ggoﬁégg9§98f Eﬁéoéig?rg

and egcmea%used as a _cop CWP slurr hi Isk polish ra
(e.qg., about ZPE¥LGRALA nuf)é")a \ﬁEr éheoﬁﬁéﬁﬁéé Wﬁd\/\é@éﬁ sfligryoppbibits

coupon di ssol gtthn & al’w@hl BhehbéSl Skééét’m%@ﬂff %F:;ﬂe‘{lyu?%bo(nﬁaﬁd aﬁPEHE

1150 nnf m nut e Ex e 28. _These hi

polish rat esgllﬁa %&ﬁa"’% Wﬁ&f’ﬁ'{}%l %FI%QFW% MaostRacsparkycles,

chem cal8. Onshidtht fermeasdydadhy adiids sl THs ycegs EPi HSss8VEHiGh highe

chem cal reac Y4 0, the rt|aI sol ytion of the

nol ybdenum tr Bdilé%e tﬁ%g%%t%% ejse f&e\/\ﬁi c PGP CRBPS BdreuLe i be

The copper di ssopued oin rdtose gageenamﬁ rubiec abifen ohat herd abe atbybéeh

copper would bg 4N gl on the wafer .that ar not
RO RSSO D adn CREPEEreiqige o

subject to necha rasi on. h pr Oper ¢
concent r at i onSoBFerheatging i 08s thrd didiitriclessi omd obya ibtlastpasicn a

i nhi bitos, pobbﬁfbéﬁﬁﬁﬁhﬂﬁﬁbf%éf‘“ﬁ%@l@%CQ%nggcahob% Eiged according

requi rements and di ssolution rates can be
Exanpl es 29 ahe 8o uqﬂl’aﬂe{eg@wents and dissoclution rates can be

minimized.

As shown in Examples 29 and 30, blanket copper

wafer polishing rates of one embodiment of an MoQ; slurry
20 of the present invention were determined to be as high as

about 1200 nm/minute with post CMP surface roughness of

about 1 nm. The slurries of Examples 29 and 30 were

filtered to remove particles above 1,000 nm (1 micron) in

size and 1.0 wt % of 20 nm colloidal 510, abrasives were
25 added.

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

30 step may be followed by a buffing step. In one
embodiment, the buffing step may involve additionally
polishing the copper surface with deionized water for
about five to about fifteen seconds at a pH in the range
of about 5 to about 7. The advantage of using a deionized

35 water rinse buffing step is the removal of reactive
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waf er polishing rates of one enbodi nent of an MoG3 slurry 20 of the
present invention were determned to be as high as about 1200
nm mnute with post CVMP surface roughness of about 1 nm The

slurries of Y&XMWRBT®EE 29 and 30 were filtered to renpve PRAUSHEH/RYS2
above 1,000 nm (1 micron) in size and 1.0 wt % of 20 nm col |l oi dal

Si @2 abr asi veshavigalas fideed th&hevgiest-ppol | shtstfd@ce ohithe reoppes
was good wth ce gl al of ,about 1 _nm as

measured by a r?%%ﬁgg%vzag?ﬂ%%?i ?gl %lgrg“gglségun%t 8%&8% t |‘_’lghrenray remain on
post - pol i sh sRace s tof i helesafextpace CVPepnl ksHi mpodBhs tceppray
be fol I oned b%u&f@%@%'%@r%t%ﬂﬁa&ﬂeﬁnﬁﬁt@gb%gbggghe Ehﬁuggﬁﬁbngsiﬁgpa
may invol ve additignally polishing the copper Urface wi deronrzed
wat er foP ab@@iorilgedt Bahpsurineet e atortsraughngstd ivaluks pandew

of about 5 toagbosoe Bhe adyapt 89euOfad1SkRYsA-HQi WY 28d 35, t
rinse buffing step is the renoval of mr e%cti veS 54 V%y20§6 076?% Eec

PCT/ US2006/ 0068§2a¢hBHPELF " E ¥ t he waf er-pad interface, which

renoves residual amungstRfprepebdeRuRtashdestheate BhdSMBiaRi@Rs bhe
surface of th%hwaf Er-gad Og;m and snmpaoth copper, surfaces were
obt ai ned af t eFPSUGLERLERTS bAFFPRPLRE IR B RABHiZRE WRkesr ripRgefor

sone wi LB roughnessfirad ugscasid aw ths ahbwr @hs herdr dnrmsaﬁn@@asar:ﬁd
by a non-cont i cal_profiloneter. Wt roper, _adj ust nent of _the
concentrati onggép &?%iesc%hre Cal'§ - auetP B 9\%0{)@2%8}1’6% zaé'gFQ@Fé’r low
rinse for 10pabbutCMB veosgbnasls die.ghe etsbuaf 0he waf en. poldmghi wgre

very hi gh polj s ( a 90 m.nute) _and.very.l ow post
CWP roughnessb?géiﬁ%géboﬁ?g%?% ?%&%OI]G C% HetE ol %lené . téﬂ)ﬁpg}ugry
coupon di ssol W&FoAcvate. ¥n, t dpeuts| 404 myn/miasitedw ( @hgn, aalorfl4B8mount

nm nmnuie). Vensa sABbhi @Myptadis, dﬂ“éyﬂéigggﬁ{gﬁﬁﬁg§i Bgﬁgegg

! A, an
sodi um dodecyl benzene sulfonate (SDBS), was a
NbOSpoIishingSBiﬁPF??e (SDBS), was added to the MoO; polishing slurry,

copper coupon dissolution rates became about 0 nm/minute,

indicating low dishing of copper lines during pattern

wafer polishing, and blanket copper wafer polish rates of
20 about 750 nm/minute were obtained. See Example 34,

The general methodology for pattern wafer copper
polishing is to polish the bulk copper initially at a high
polish rate and then, as planarization is achieved, the
copper polish rate is reduced in order to minimize dishing

25 of copper lines, With proper adjustment of the slurry
constituent composition and process parameters, the slurry
of the present invention can be tuned for this general
methodology of polishing at higher rates and then lower

rates.

30 EXAMPLES 27 and 28
Slurries of examples 27 and 28 were used to
polish a copper disk having a diameter of 32 millimeters
{rom) . The CMP polisher was a Struers DAP® with an IC-

1400, k-groove polishing pad. The carrier remained
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copper coupon dissolution rates becane about O nm m nute, indicating
| ow di shing of copper lines during pattern wafer polishing, and
bl anket cog@er waf er polish rates of 20 about 750 nm m nute were

obt ai ned 8 2iaMP% 34. The general nethodol ogy for pdtATESAIRALISS?
copper polishing is to polish the bulk copper initially at a high

polish rate am:l:dtlimargs (pl anarwzatiden rctaael) evetdhet hetatoppefate of

polish rate i red dlno rtomnlmzedlsh
lines. Wth pftope Foste #joe SEVORETLPTP IBeT bkt 3§an COﬁ%‘g%HOW&n
and process pafemmet pﬁ.spet{henst}me rgoppefy tdliekpwaseat 3i pyends qrec aguase

tuned for th| &%neggé }?%%olfggéﬁgf Egggl q_,tyt%g at hé@hgi(&at es n%

t hen | ower Orries Of exa €s 27
28 were @sed tatmouml Pghcappeppeendived frawm nghe smaﬁeeieemﬁ)ftr&z disk by

millimeters h sher r

1400, k-gr oovfadﬂg)ﬁa:sghlér?g%ﬁzg%&lhggc%‘%\?lé%%r%n%?%ed%g 2%%%@?%‘?6?52
PCT/ US2006/ 000892 Coppat] ty Qaothe befgge mord rafttare dolifhd nooet dEkéng
rate of the QLr&ToeBoM@:‘éd@PaEf&P'tlHé S o %feeceb{ag?c magé'ﬁ_el%f)w%he

force placed on the 3 pounds per square 1nc

(psi). The sl @& QlonEhat éllﬁ/is téﬂ@tm%ﬁ RO THEn S andpdt tHE ®sPgshin

renovedifor om theesur fiace fs thendicskvoyte EMAMAS HdeLaE 8T B8O dNoval in
measuring the vvelmght difference of the copper disk both before and

after polishi AT Fakfng™ Pht CORRHS | TSR ENBLBERS ty of the copper
material, the area of tbgpdtskchblipdn wasipolliwhesd antbddieepelsi Shicrg

10 tinme. This wa the conve, d |nt the . rate of renmpval i terns
of nm of copp&t %8 llbe? #(ﬁ g@:&ﬁﬁePeé ﬁﬁoﬁoﬂ)??slbjrrtﬂl‘gw . of
experinments wihe cpemimhmzblmta@zﬁOOAniop@xasmubeakei €0 Al yinguded

T o otoy o SRk 0L 00, b PRl 4 s AR Eh ol
sample. The copper coupon was hand pollshed with 1500
grit sandpaper, washed with dilute hydrochloric acid (HC1)
to remove copper oxides from the surface, dried in an air
stream, and then weighed. The copper coupon was then

20 immersed in the solution for three minutes while.
continuously stirring the solution. After the experiment,
the copper coupon was washed repeatedly with a deionized
water rinse, dried in an air stream, and weighed. Weight
loss was used to calculate the dissclution rate.

25 Example 27 contained 1.0 wt.$% MoO; in deionized
(DI) water and Example 28 contained 1.0 wt. £ MoO, in
deionized (DI) water with 5.0 % H,0, and 1.0 % glycine as
an oxidizing agent and complexing agent, respectively.
The natural pH of the Example 27 slurry was about 1.8.

30 The natural pH of the Example 28 slurry was about 2.6.
The remaining percentages not specified in the below table
for the slurry compositions is the percentage of deionized
water. In Example 27, the MoO; comprises 1% of the slurry
composition and the deionized water comprises the

35 remaining 99%9% of the slurry composition. The slurry
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sanpl e. The copper coupon was hand polished with 1500 grit
sandpaper, washed with dilute hydrochloric acid (HCl) to renove
copper oxides fromthe surface, dried in an air stream_and then
wei ghed. Th¥O2BYHEF%oupon was then 20 i mersed in the FEITHZHKO9EP2
three mnutes while, continuously stirring the solution. After the

experi nent, &&ep@@pmfnsqoup@asppms washpdnr e géatseduy innt h zatési omxed
wat er rinse, jn_an alr r i . t ool ©5S
used to cal cuP‘é{ues W&atfgl %oﬁﬁ?a?gﬁgﬁeg%fe%g%lﬁfa?ze%ﬂ\?.SZOS

W . % MO8 i n deéomigsshtegdDlin Wabée &nd Exanple 28 contained 1.0 wt. %
IVbCB in deionized (D) water with 5.0 % H202 and 1.0 % gl yci ne as
an oxi di zi ng agent and conpl exi ng agent, respectively. The natural = -
pH of the Exanple 27 slurry was aboutTABBE &0 The natural pH of the
Exanpl e 28 slurry was about 2.6. The remaini ng percentages not
specified in the below table for the slurry conpositions-is the
percent age of| dei oni zed watejlurdp Exanplie 27, tlherdyhé&B dompebBesod 4o
of the slurry sition ei oni|zedywatjer Gepprilses d-he 35
remai ni ng 99% g%Q,{{Iﬁg $l urryéggon%t(%g?rgl on. Th%ﬂsl ur lyfgj m&‘; (nm/min)
2006/ 076392 HACT/US2006/ 000892 conpositidns,—copp émﬁ‘%?.n A
di ssol ution rat esz7and 1peH Ms@ingnrrataesﬂor the coppe&O d| gk of 20
Exanpl es 27 resent ed Japre 6., TABL S drry R@h1 sh
Di ssol ution ?& e ? &Oglfl %ﬁs _O%iiqﬁaztp Ra?'e6 nrdEzn]i@ﬁ) (fri mlwqél) 21
1.0% MoQ3 in Pl Water i. gbv20° 98P1. 0%|MD0O3 + 5. 0% H2O4 + 2.6 2150
1140 1.0%glcine i n|Betemgat er EXAMPLES 29-34 Sljurries of] exanpl es
29- 34 were used to polish

EXAMPLES 29-34

glurries of examples 29-34 were used to polish

a copper film deposited on a silicon substrate by sputter
deposition. The copper film had a diameter of 6 inches.

5 The CMP polisher was a Westech Model 372 with an IC-1400,
k-groove polishing pad. The carrier was rotated at a rate

of 75 rpm. The platen was rotated at 75 rpm. The down-

force placed on the copper film was 4 pounds per square

inch (psi). The slurry flow rate was set at 200 ml/min.

10 The amount of copper removed from the suxrface of
the silicon substrate by CMP was determined by measuring
the sheet resistance of the copper film both before and
after polishing at 17 points spread across the film
utilizing a home-made paper mask and a 4-point probe.

15 Sheet resistance was measured at the same points on the
film before and after polishing. The measured sheet
resistances both before and after polishing were then
converted to respective film thicknesses before and after
polishing based on the resistivity of the copper material,

20 the current applied, and the voltage across the 4-point
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a copper filmdeposited on a silicon substrate by sputter

deposi tion. The copper filmhad a diameter of 6 inches. 5 The CWP
polisher was a Westech Mddel 372 with an | G 1400, k-groove polishing
pad. The caVPPUo/0jE82 rotated at a rate of 75 rpm The BCA{USHOaYS92
rotated at 75 rpm The down- force placed on the copper filmwas 4
pounds per sqpabBe.i NCthé paiffeddreces| betyebhowhkatsamas ngetarad 2§)ﬁa1

m/mn. 10 The_anmpunt of copp renoved fromth ace of th
silicon subst Fg?gﬁﬁﬁsﬁﬁﬁ’ s Jgjét r’nnPVTéd %V%&?gFPESLeéhe a%egf’rerage
resi stance of thhekaeppelodsd lwasbhobhabetdrehiond wad tiererpaivihiedgbat tig

poi nt's spreadaros thefllm U | i ho made paper mask and a
4-poi nt probe? i% %hgé’? ® %y é:é wécsﬂ%ggsu?ge d at tHe"SEme points on

the fil%n before and af@@;ﬁpepol |csfmp|mg:, His sdadioad sheerimeebf st waces
POl Deror e 2BgBRLELDL | SNgII MR 61 L0800 ERDV UL AL L0, HBBChY ¥ or

filmthicknes§es ore and after I'shrng base re5|st|V|ty
of the copperthrat ehé¢mlcaRGotlhsicnr r dntcompsld edupand(t i POl-C&Gepure)

across the 4-pgin hg ﬁzm%m/o(yééggﬂmnal éngﬁgO}Eq Q20822 uREAPSs {ﬂg

di fference between“the startin nesses as 17 points
were cal cul at eapeammax:@ahg@mptuﬂ ckBgscPpRST WaRURAN Alafedraifi BRLhAREd

then diypded Rychhesopohish danBablrdi ¥8sh8g ROLH sﬁlr@reehyareaﬁmwl&
Copper coupon dissolution experinents were perfaornmed in 50

gl ass beaker @6hfailHFhy £00TRTMOVRSfany hECBRER 8§Fd§oﬁﬁ?¥‘oﬁheASHBEB%‘?'
coupon (i.e. 89i88%ipuréy ahavitigeddh TEASHORN O u%'iglﬁﬂékix 25rHan &oﬁp@fﬂ
bol i Shed 10 WPPHPSH08ABITEre ATIBRRET LMD ACRE RO T4 & Hper BERPBET c
acid (HCL) towhehevecaitintoppey oxiderifmgomihbe aaﬂrdiﬂm drafecd ntiaa
The sol L1 on FoPSERPERT MR SEoPHAR IBLR (RToE1y 22t FPPPRGEPRG it
sol ution. Aft erdeheniEe@xﬁHrl waner theseopqiexe@oup(ﬁn wes washed, and
repeatedly w &Qighed. Weight loss was wused to <calculate the
dissolution rate.

The slurries of Examples 29-34 contained 0.5

20 wt.% molybdenum tricxide (MoO;) in deionized water. At the

end of the wafer polishing a deionized (DI} water rinse

was applied for five seconds. Example 29 contained 0.5%

MoO; + 5.0 % H)0, + 1.0 % glycine + 5 mM BTA — filtered with

100 nm filter + 1.0 % S$i0,. The natural pH of the Example

25 29 slurry was about 2.9. Example 30 contained 0.5% MoO; +

5.0% H,0, + 1.0% glycine + 10 mM BTA - filtered with 100 nm

filter + 1.0% S5i0,. The natural pH of the Example 30

slurry was about 2.9. Example 31 contained 0.5% MoO; + 5%

H,0, + 0.5 % glycine + 10 mM BTA - filtered with 100 nm

30 filter + 0.1% Si0,. The natural pH of the Example 31
slurry was aboult 2.6. Example 32 contained 0.5% MoO; + 5%

H,0, + 0.5 % glycine + 10 mM BTA - filtered with 100 nm

filter + 0.5% Si0,. The natural pH of the Example 32

slurry was 2.6. Example 33 contained 0.5% MoO; + 5% H,0,

35 + 0.5 % glycine + 10 mM BTA — filtered with 100 nm filter
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a deionized (D) water rinse, dried in an air stream and weighed.

Wei ght | oss was used to calculate the dissolution rate. The slurries
of Exanples 29-34 contained 0.5 20 mﬂ.@bnnlybdenunltrioxideaﬁwaB
in dei oni zeHORRBETE3M2At the end of the wafer polishing XCHSYHFHWE?2
(D) water- rinse was applied for five seconds. Exanple 29 contai ned
(])_6(5)% Iv]tc)Q|3 + 5. Qi%okig/@%o%le_ﬁ}e%ﬁmm%Wﬁ& F%BﬂfﬁeEr)r(lpié:iiﬁrzsﬁdlrg&t Ras

nmfilter + 0.Si 02. e natura t mpl e,
slurry was ab@&?u§.5:6Exdﬁﬁﬂ@£§bq%5ﬁP§Fﬁgﬁe§.g@?%b%%8#+'%?Og§%2620+5

1.0% gl yci ne & $0yodh8TA 10 i Bered M AdL@DBIN- Filtered widlPa800Hm

The natural pH.of th e.3Q shurr s_about 2.9. Exanple 31
cont ai ned 0.5%3%66§ %‘Eé?yﬁéoflgzo.%hﬁbéﬁﬁﬁFﬁg Pﬁld%ﬁidiﬁ§¥? PEY ePEd
wi th 1005nm 3Gxkinpiler 34 Owa% St TAeénat uTak phieafaddeskExanpife 8he

5% gl yui e + 15 KBRS S FEor off wih TO0CFERY PrI ERPIRIesor e vds”

The natural pHbohitt B8 ExanpTke32emabiing yawsertBiesEmiplspegdfied in

cont ai ned 0. 59 +. 5% 3 % ihe -
filterod with Tho Dohey/ e 230%0%1-3906/5%5/%9 D B R OhE Dodo2 S
1.0 % Si 02. Thergaprtrae pFl dtiemiezdkampiiar 3 dher rluwiay . aBbet spusry
Exanpl 184 CORLALBY: 00836 NOGB doBIEHRN2 fafbd 0l Neogpd HMEBIA
+ 0.001% SDBS - filtered with I00 nm filter + 1.0 % Si 02. %he

natural pH foPLlPRE sVHERy O 5 OPRRSI eCUPRRAs BbDIRLYLIEN TRELE&Fer 488
size of the pabhpebes29f- 3024 driteetkutr iasTablexanpl es 29-34 was
about 20 run. The renmai ni ng percentages not specified in the bel ow
table for the slurry conpositions is the percentage of deionized
water in the slurry. The slurry 10 conpositions and polishing rates
for the copper wafer along wth the ﬁg@&gr coupon di ssolution rates
for Exanples 29 - 34 are presented i | & 7. TABLE 7

Mean
Slurry Particle Polish Dissolution
Example Composition Size of pH Rate Rate
510, (nm/min) {nm/min)

{nm)

29 0.5% MoO, + 5.0 %
H0, + 1.0 &
glycine + 5 mM 20 2.9 1250 70
BTA — filtered
1.0 % Si0,

30 0.5% MoO; + 5.0%
H,0, + 1.0%
glycine + 10 mM 20 2.9 1225 40
BTA - filtered +
1.0% 5i0,

31 0.5% MoO; + 5%
B0, + 0.5 &
glycine + 10 mM 20 2.6 600 35
BTA — filtered +
0.1% Sio,

32 0.5% MoOQ, + 5%
Hy0, + 0.5 %
glycine + 10 mM 20 2.8 775 35
BTA — filtered +
0.5% 8i0,
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Mean Slurry Particle Polish Dissolution Exanple Conposition Size of

pH Rate Rate

Sioz (nmmin) (nmmin) (nm 29 0.5%MO03 + 5.0 8 H 0_

+ 1.0 %glycine + 5 mM20 2.9 1250 70 BTA - filtered 1.0 8 5i0, 30

0. 5% MoO8 V8 2¢i9ih7643%
filtered + 1.0% 5i 02 31 0. 5% M
20 2.6 600 35[ B

0.5 %glycinej+ 1 n1\ —é
WO 2006/ 076392 PCT/ US

gd % 0. 1% S 02 3270, 5% NMOUOS F[ DY HZO2 T+
%5 35 BTA - {iltdred + 0} 5% Si 2 29
6/8050§92 3B 0.5% MO8 +15% H202| + 0.5 %
glycine + 10 M 20 2.|6'998°35'0 BYA | fifterefi®s 1.0%8 Si p2 34°0. 5%
MO8 + 5% H302 + 0.5 Mgl Fidrersd+ 1b mM 20 2{6 730 0
1.0 % 810, -
34 0.5% MoO; + 5%
HOp + 0.5 &
glycine + 10 mM 20 2.6 750 0
BTA + 0.001% SDBS
— filtered +
1.0 % 810,

10

15

20

+ 1.0%glycine + 10 nM 20 2.9, 1Z2E/USHO6/EIPRAD2.
M3 + 5% H2O2 + 0.5 %glycine + 10 nM

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

The down-—

revolutions per minute (rpm).
platen was also 75 revolutions per minute (rpm).
force placed on the copper blanket film was 4.0 pounds per
square inch (psi}). The slurry flow rate was 200 ml/min.
The amount of copper removed from the surface of
the silicon substrate by CMP was determined by measuring
the sheet resistance of the copper film both before and
after polishing at 17 points spread across the film
utilizing a home-made paper mask and a 4-point probe.
Sheet resistance was measured at the same peints on the
film before and after polishing. The measured sheet
resistances both before and after polishing were then
converted to respective film thicknesses before and after
polishing based on the resistivity of the copper material,
the current applied, and the voltage across the 4-point
probe, The difference between the starting and final
thicknesses as 17 points were calculated, an average
thickness loss was obtained which was then divided by the

polish time to give the polish rate in nm/min.
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BTA + 0.001% SDBS - filtered + 1.0 % Si 03 EXAMPLES 35-37 Slurries of
Exanpl es 35-37 were used to polish six inch copper blanket filns.
The CWP polisher was a Wstech 372 Wafer Polisher with an | C 1400,

k- groove 5 YOIPPYHT4Y2 pad. The rotation rate of the carriP&A/URgWs/48ps892
revolutions per mnute (rpm The rotation rate of the platen was

al so 75b|revlc<)l ut :c olns percappes e doswidn . dhessiowi-od gr&g;dﬂia@%&sonlwte&@
copper anket fi.lmwas, 4.0 pounds per. __sguare inc Si). e slurry
flow rate wasP886°H 9% I ﬁog%%néﬂanﬁgﬁfsogeégﬁﬁe?o?%% f%%ﬁﬁ'he‘)f
surface of theaesthéminralsuhdirdbe .byas CMppwas cdetenm(ned. bys JESsS wiire]
the sheet resistance.of the copper,.filmbgth before and afte

poli ahi ng at - B3V RB0 ST OIT T G0 TFhE £71 TR-Ge TS 10 2 Hromesmide
paper mask anexpedipenitel prapipd.e.l5TBkeebppesi sbapoe was hees wodd saked
the same poi n%itﬂ”l%&fﬁ%ﬂé D08 %@%rangagfqéﬁ.rwg%'éi‘i&% TNE B3 ys ed

0 e rpolis

sheet resistances ore and afte g were then
converted to resfetiGMe thi kampheckoppse otictasy Erandthét surfqm,i shiing

based on the rasigtim 1y ,Qfarf K& LORAGHARE €5ha! cophd 'lf«‘cngw G
applied, and the vo }t'ag_e acar oss the %-, Soi nt pr%%e.efrhe_ |fr{ertesngle?en
bet ween the sEBEREFsRC andfi ke eRLekhessedons thrgsi ntxnpéee while

cal cul atgd, apcAVERAAEs1y RitakRess LRSSsy@s okt ai Redephich Ma% AiheR
divided by the polish tine to give the polish rate in nnimn. 30 VO

2006/ 076392 PEFE ISERSE 60WBYD Wi piseh e otRiRR tf Blsb MitPoRe biperahe RS
were perfornedatora &Odrin Hassi beakedant ol RIdIGIAR] Nyeight tbes
chem cal solution. A copper cQu ont%biﬁ. & 99199i% ureg havi ng
di mensi ons of 88 W%k tfgcr?r%%? PPt REs AERAT BB P heF B xper i ment al
sanpl e. The copper coum¥ampde Bandopohisédedis wWiddy 5900 ¥ iH,0, + 1.0 %
sandpapgg, washed; Wth iyt grVIr PN QI L yith 100 nm £ilter + 1.0 3
Si0,. The natural pH of the Example 35 slurry was about
2.6. Example 36 contained 1% MoO; + 5.0 % H;0, + 1.0 %
glycine + 10 mM BTA - filtered with 100 nm filter + 1.0 %
$i0;. The natural pH of the Example 36 slurry was about
20 2.6. Example 37 contained 1% MoC; + 5.0 % H,0, + 1.0 %
glycine + 15 mM BTA - filtered with 100 nm filter + 1.0 %
5i0,. The natural pH of the Example 37 slurry was about
2.6, The remaining percentages not specified in the below
table for the slurry compositions is the percentage of
" 25 deiconized water in the siurry. The slurry compositions and
polishing rates for the‘copper wafer along with the copper
coupon dissclution rates for Examples 35-37 are presented
in Table 8.
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acid (HC1) to renove copper oxides fromthe surface,
stream and wei ghed. The copper coupon was then
solution for three mnutes while 10 continuously stirrin
t he copper coupon was
wat er ,

sol uti on.
wei ghed. Wi
BTA -

ght

AYQ &40 HeY% x per i nent ,
repeatedly with deionized (D)
| oss

t he Exanple 35 slurry was about

5.0 % H2O2 +
+ 1.0

1.0 %

+ 1.0 %

dried
immersed in the

t he

inan air

THISE006/000892

dried in an air stream and
was used to calculate the dissolution rate.

Exanpl e 35 contained 1% M3 + 5.0 % H2O2 + 1.0 %
filtered with 100 nmfilter

pH of

15 glycine + 5 nM
S' ' 02. The nat ural

2. @apExagpl e 36 contai ned 1% M3 +
glycine + 10 MM BTA - filtered with 100 nmfilter

% Si02. The natural pH of the Exanple 36 slurry was about 20
2. 6. Exanpl e[ 37 conllal necal Jr%g,NbCB + Rad Y H202 +?01119.1°7 o, y&hae .+ 15
M BTA - filtered with 100 mfllt +']1') Q2.. The natyral pH|of
ompos art
the Exanple B/ 8FUrly was 2. 6. it |nngn{) cen{ ag{:s nof
specified in|the below table for the sIu ry clo h'p05|
percentage of 25 deionized water i|n*¥*fe’’s|urryl The sl{rry
conposi tions|{and p@lishing rates [f of*°% he| copper wafer [al ong with {he
copper couppn diss¢lution rates flommExanpl es B5-37 aré presented |in
Table 8. 31 WO 2006/ 9y 8392 PGL/ US3006/ 00092 TABLE 8 $l urry, Mean
Pol i sh Di ssojution E)é,a[ml §% Corrposu tion Particl] pH Rat¢ Rate e
(nmmin) (nnfmig $ (jnm,, 19 Q/Q;O?) + 5.0% H2O2 +..1. 0% 85
glycine + 5 M 20 2 § 91t%§ed BTA - filtpred
1.0% 8iQ,
1% MoQ, + 5.0%
H,0, + 1.0%
36 glycine + 10 mM 20 2.6 1120 50
BTA - filtered +
1.0% 8i0,
1% M003 +5.0% Hao;;
+ 1.0% glycine +
37 15 mM BTA — 20 2.6 760 35
filtered +
1.0% Si0,
The open circuit potential of a copper coupon in the
MoO4 slurry was noble to that of a tantalum coupon
indicating that galvanic corrosion of copper will not be a
problem during pattern wafer polishing which will minimize
5 the dishing of c¢opper 1ines. The details of the
experimental procedure in obtaining these results are as
follows. EG&G model 273A Potentiostat/Galvanostat was used
to perform potentiodynamic polarization experiments. A
three-electrode configuration consisting of a working
10 electrode (Cu/Ta coupon), platinum counter electrode, and
a saturated calomel electrode (SCE) as a reference

electrode was used. The three electrodes are immersed in

a 250 ml of the chemical solution and the potential of the
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1.0% Si 03 1% M8 + 5.0% H2Q2 + 1.0% 36 glycine + 10 nM 20 2.6 1120
50 BTA - filtered + 1.0% Si 0, 1% MbO3 +5.0% H2ZO2 + 1.0% gl ycine +
37 15 MM BTA - 20 2.6 760 35 filtered + 1.0% Sin, The open circuit
potential o¥YO3EHHEIE coupon in the MO8 slurry was noBICa/USEUREEI2f
a tantal um coupon indicating that gal vanic corrosion of copper wll
not be a probbehiﬂgrémmmdeewaswmnqablﬂrsaﬁi ng5m/rth\£ftovviabbum'1rlj0fd P

5 the dishing of, cq Ilns The details of perinent al
procedure in o%}t'}él nLPe%éDetcﬁes Or &G “Hr & hs PP FPB\}@{ E@&g?mﬁféql 558
Pot ent i ost at / Gabvanosg atcumnmsedensxtmewher nnpot eftéeddyBANGC a EG&G
ol ari zation | r onfj_gur at Lon con t .09
gf a wor ki ng ?%PR% éﬂigﬁ?@fﬂaﬁgggégﬁl q%?dcl L?Jr%%coﬁﬂlf-er “%te ogg,
and a sétura@@dr@ai@mﬁoiéi‘@c:ter ode (SCE) as a reference electrode
was used. The thr I e di e,

chem cal sol utloneg%% f‘%{&o%t Zﬂr???lgl gggt %ggtégnv%g%é%%@%% is to
PCT/ US2006/ 00D8bDsh gk hg 8| serpede indsisdamned fa omgly50atw &nd as
about 1000 mMy1xhd b S OSRACE st QcRPEFeS) G EOBBEET%&g m&%a)a@%d 160

resulting current density was nonitor ‘ed usin
Appl i ed ReseaF&Fe nbeprdsp %‘bfchIblrﬂrlZﬁ\/qu{Shl@gc&fr SSPPRTs SLDRAF €. WiKb

gener al 10et hogréér paéa;ﬁﬁéhmfﬂ%r ol ishd NgMbE, 10 NRIASH fc'%%s'%lt‘éent
copper initi aI I at, a h| rate and as pl anarization i's achi eved,

the copper is® c51I BhRFeSS HaranetGider th8 MpPs A i ok hge
of copper IirIL&ﬁesc—Wﬁ thvent:Lon may be tuned for this general method of

polishing at a higher rate and then a lower rate. Tantalum

dissolution and disk polish rates with the same MoO; slurry
15 were both less than 5 nm/minute. High copper blanket wafer

removal rates, high selectivity to tantalum, good post CMP

surface finish and low abrasive content, leading to a

reduced number of post CMP defects and easier post CMP

cleaning, make this slurry an attractive candidate for the
20 first step of copper CMP process.

Another embodiment of an aqueous slurry may comprise
one or more soluble salts of molybdenum dissolved in
deionized water and an oxidizing agent. Molybdenum forms
salts with wvalencies of 3, 4, or 6, but the hexavalent

25 salts are the most stable. Soluble salts of molybdenum may
be recovered from primary or secondary sources of
molybdenum and may include ammonium molybdates such as
ammonium dimolybdate {NH,) ,Mo,0, (ADM) , ammondium
heptamolybdate (NH,)M0,0,, (AHM), and ammonium octamolybdate

30 (NH,) ;M0g0,5 (AOM). In addition, molybdate salts of sodium,
potassium, iron, and other transition metal elements may be
used.

The soluble salt (or salts) of molybdenum may be
present in an amount of about 0.1 to about 10 wt. %, and

35 more preferably in an amount of about 0.5 to about 10 wt.
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10 proper adjustnment of the MoG3 slurry constituent conposition and
process paraneters, the MoG3 slurry of the present invention may be
tuned for this general nethod of polishing at a higher rate and then

a | ower rat¥O20%A7&@PUm di ssol ution and di sk polish rat @ETHSEH6AHE?
same Mo slurry 15 were both less than 5 nm m nute. H gh copper

bl anket wafer g.rempnal scatbse Bagh & eediybdend® hapt Bb%ro@@@ddp%t
CcwvP surfaceflnlshad | ow abr asi ve ontent Iead%%ﬁ? re duced

nunber of posPERBTdef¥Tt s Sf B‘Bsts‘%ﬂﬂb <l ey Rdgram
slurry an att daesbleeganth dahe f@dﬁlﬂi'ﬂjﬁon 2 | 68101 B4 oﬁua@:@}apeén&llv%n

rocess. Anot her enbodl nent .of an aqu S slur i se ne

gore sol ubl e SErHFEZ 8Pgnﬁgfﬁaenun€?f?%§% d*PR2 %%?’on??g’ggéﬁtéﬁlgﬁd 03:1
oxi di zi ng agembly}vtib;zblﬂepumlém rere smhﬂps.e\nﬂeﬂ.hr vabenmye@lﬁoﬁzedﬂf irOran
6, but the heéav Oggt 5205_»“13E s are ghgnggg& bI ea%?@ g lrecégll&d-fszi%%

nmol ybdenum nay e recovered from prinmary or secon
nmol ybdenum andgﬁay i n@slsudl@edrmenemm nmbhgbtates Soaahphstelgmibidsahved”

e T 6 i S

mol ybdat e sal f3Jefrispdriirghe parbbseiemoel sopubladcatthel mhyﬂscﬁenmm are
et al ehgnent%oﬂﬁ!e@@lyuﬁggsoﬂ¢@ﬁSOéH@'Er%@é%aﬁ9§ ALE81n 0k TS the

nmol ybdenum nmay Eresent in an anount” o out” 0.1 to about
% and 35 noPerpietefalify SH kdeariiiit of Fwdubdengmt @r§bdmmpﬂ@t\mly
33 WO 2006/ 07@39@0P@'AU82006/ 000892 % The soluble salt of

nol ybdenum nmay be ri)]éow deg powder form such that the sol uble salt
of nol ybdenum di s$BPvEEFHZERE §8?HF| avest Weithnthedsaddete afglanof

oxi di zi ng agemblykeegtml hyyspealtirige sghyblcfnesabts Hf mfixﬁah:&bdﬁmumzhe

powders.are conp l.etely visi SS | ous sol ution

dei oni z&d wat &F gﬁal?%e a§xt Fzﬁﬂﬁ aﬁ% gﬂ r 57 S re ’t%r%‘e

"conpl etely dassohtvedpecified earlier. Addltlonally, complexing agents
may be used in the soluble salt of molybdenum agueous
slurxry. Complexing agents may comprise any one or a
mixture of the complexing agents already described and

20 present in the amounts specified above.

Embodiments of siurries containing the soluble salt of
molybdenum may also be provided with a nonionic surfactant,
an anionic surfactant, or a cationic surfactant. The
anionic surfactant used in the aqueous slurry may comprise

25 any one or a mixture of polyacrylic acid (PRA), a
carbdxylic acid or its salt, a sulfuric ester or its salt,
a sulfonic acid or its salt, a phosphoric acid or its salt,
and a sulfosuccinic acid or its salt. The cationic
surfactant used in the aqueocus slurry may comprise any one
30 or a mixture of a primary amine or its salt, a secondary
amine or its salt, a tertiary amine or its salt, and a
quaternary amine or its salt. The nonionic surfactant may
be one or a mixture of one of the family of polyethylene

glycols.

34



and "visibly dissolved,” refer to solutions wherein the majority of
the particles of soluble salt of nolybdenum are 10 conpletely
di ssol ved, and preferably wherein all of the particles of soluble

sal t of ml‘yﬁd@ﬁﬂi‘ﬁ:’%e conpl etely dissol ved. The oxi di ZCA{SYe/pt892
used with the soluble salt of nolybdenum may conprise any one or a

m xture of the 15opm@&hazlxsg, ageNbguabt e aty: 465 conped sang @{@%%rlhblla
t he anounts sgegt é&#kf Addlthﬁallg é;b_%glexmg agent s

be used in th RIS dRhEPh REudHrE 1aqr it CﬁnﬁF@?Pﬁg
agents nmay COEptrs&uﬁtmﬁ_rﬂﬁﬁol@:rorawhﬂiiﬂﬁﬂﬂyecefﬂpi:ﬂgeCa}ﬁpb(ﬁ)él Bg D@ERESIre
al ready descri Qeﬁ € OJO__{; resent .in the an%unts oL fied a 7393'-0\/6
Enbodi ment s TR Cont AT ¢ FRVEGET ?el%‘é JotPg BAAS ARG
may al so She pr(BWAljedbe\mzu.lmlalatmﬁeorp@l}suriaztbhax ,pha:tylaﬂrj)m@le, thion
surfactant, o J.oni.c . . an oni.c._surfactant used_in
t he aqueous s%ﬁ?r%&fyggg%%rg%ggg% tgr,'\l&g%’é g,%r}l% SHAHEY, B gcontain any
pol yacrylic acpubifp)on af ¢aebexq¢1faaﬁantsoandtsosa¢$;on1rnMIbumows

ester or its salt,n 8,.SHLEPOECAAEL &rsaéfaé@%@ %@@Of h%gcs%&'ugler

its salt, and a sulfosuccinic acid or I'ts ionrc
surfactant us@alt nofhacdyhesnymsisdiryymiy conprlisecfinglodrey30benzane

mxture19f a prifEic adNe, Of pbhiscyRlden AmEONIYM - aP;e s%&f'at;%ant
salt, atertiary amine or its salt, and a quaternary am ne or

salt. The nonfohiidd frherast &B@SAb@laéh@eopraSﬁﬂktwearwurﬁﬁer@pgﬁ-n@

fam |y of pol yesdydiene @)ocods. 34080t2006/:046398sRET/ U52006£098892

Ot onal Ly, oo LA Y scor | e SOl S Sl o e

whi ch may conpmdwer arfy aemtor0.@0m ¥tuse(DBgahet erocyclic organic

compounds 1 nclui g bereetr il o (Bral el mrgsle. ol

slurry may costafnry ampmprising the soluble salt of molybdenum is
benzotriazole (BTA). Benzotriazole (BTA) copper corrosion
inhibitor may be present in concentrations ranging from
about 1 to about 20 milli-molar (mM) BTA, such as about 1

20 to about 10 mM BTA, and more preferably in a concentration

of about 10 mM BTA.

The pH of embodiments of slurries comprising the
soluble salt of molybdenum according to the present
invention may be in the range of about 1 to about 14, such

25  as a pH in the range of about 1 to about 7, and preferably

- having a pH of in the range of about 4 to about 6. The pH

of embodiments of slurries according to the present

invention may be adjusted by the addition of suitable acids

(e.g., acetic acid) or bases (e.g., potassium or ammonium

30 hydroxide), as would be readily recognized by persons

having ordinary skill in the art after having become
familiar with the teachings provided herein.

Yet additional embodiments of polishing slurries
comprising the soluble salt of molybdenum according to the

35 invention may also be provided with supplemental
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conbi nati on of these surfactants and corrosion inhibitors. A
preferred anionic surfactant used in the soluble salt of nolybdenum
slurry is a salt of dodecyl benzene 10 sulfonic acid. Dodecyl

benzene sul WBRAP®NZIBPH surfactant and sal t.s thereof (DBSACTHIPIHE00892
present in amounts ranging from about 0.00001 to about 1 wt.%

(DBSA), such asrabdotme8aD00bsticleabopdrilient.. % (DBRSAL asGoPDékental

preferably in anoun f about 0.001 wt.% (DPBSA)... 15 A preferred
copper corrosic%r%aprlln?%?{:% UVEEF iR LSS HIFOP’y gofgfrdi hg ‘lPlFm% B

salt of nol ybdemumyi ss delizuitdalapalre1icBEA)or Banzuincidapat-eitBIA) such

copper corrosi Lhhibitor . ent .i,n congent.rations, rangin
from about 18'?1 %“p é%@%@é% r%elgg?ﬁ-l %&“gﬁg BT A PRI IES abtt 4228
about 10 9Vl BRAuegnd $ioiwryprefecabbylse amyconeent raniicmturef of il ¢k
mM BTA. The p | 2 € i S Lyrr} npri.sing th sol ubl e
HeQEa,nigggéﬁi €QQa§13 ﬁgiﬁlégg) i¥d o&lgey rabagrer S K0

salt of nol ybdenum accor ng to the pres I'nventi on- ma
range of aboufR¥ FIFRABR- 14 praferred agppleentnl kerrangémetahhoutel

to about 7, apdeRreheral %148\ f 349N . ag; of. about. 4.to
about 6. The EHe of enbodiysr_rlents g%ﬁﬁfle%%lac%%ﬁdéﬁg ?%)%%%jpréé%éegr)\f
i nvention nay“Béladfidst &d H¥ophedaedide ol SdP-5uinaabl daxei den (awegage

acetic aoi d) parbases dizlof PRLASShUSDOL A QR HHH?’QbBME"P(?‘q d& » aﬁa
y. persons having ordinary ski in the

woul d be readily recognized b

art after havf“ﬁéeb}éﬁ%ﬁ%’:azrﬁéhqg ZPWit ROt AR tRarPPHys® Drvi ded her ei n.
Yelt gfldi ti Ional fenb?ﬁiib:ialﬁ[ﬂrﬁg ok1pekiski &gmpﬁﬂéihgs_th@onﬁilﬁl@ §£'}|?t of

soluble salt g enum.accqrdi.ng to the invention may al so be
provi ded wit hmg%r%ﬁlée/%nrlﬁﬂﬁy b%é&f%*f%ﬁ‘e%ﬁ@?f%?%z@%wm@opper

cer ani ¢/ met al bpxaldaigart-mekbbsniSat plsupplieaenbal Teer astkddRicaproxbde
particl eg may

or as funed pg?f[c?}rgz?gxgéj %ﬁc%ﬁ%%%%?%fn%rnﬁ%:cuog rréi‘;aﬁsi@/%0| %S%gvl‘(le grstoll%{ﬁg
particles usedain phAemolybdenum and an oxidizing agent and polishing
copper with the aqueous slurry using a polishing pad and a
pressure between the copper and the polishing pad of about
0.5 psi and about 6.0 psi and more preferably between about

20 0.5 psi and about 2.0 psi.

Embodiments of soluble salt of molybdenum slurries
according to the present invention exhibit high polish
rates for copper when used in the CMP process, even when
the CMP process is carried out at very low pressures (i.e.,

25 down forces) between the copper and the polishing pad. CMP
processes carried out at high pressures (i.e., down forces)
may cause undesirable delamination of lower-k dielectric
layers. Accordingly, slurries according to the teachings
provided herein allow copper CMP processes to be carried

30 out at low pressures (i.e., down forces),'such as pressures
in a range of about 0.5 - 6.0 psi, and more preferably as
low as 0.5 = 2.0 psi. Use of such low pressures minimizes
the shear forces that act on the low-k layers of dielectric
materials during the CMP process. Thus, the slurries

35 described herein are desirable so that the copper CMP
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5 aqueous slurry may conprise any one or a mxture of silica, ceria,
zirconia, titania, nmagnesia, iron oxide, tin oxide, and germania. A
preferred squI enental ceram c/netal oxide wused in the slurry i

IS
col | oi dal sYPi2YA "G Pbxi de (Si02). Colloidal silicon di @W&@%@Uwyz

may have an average 10 particle size of between about 10 nm and about

100 nm and rp:xroe:eysﬁe%edsabllqe afarﬁbeutoﬂ{)alﬂtrrhti@hatﬂm&ug&@)dtﬁh:ali’@bimm
slurries conprj.si.n t.he S bl.e salt. of bdenum_ nmay be utilized

in a method fdrpori H?ng SpEr SHYP cﬁ‘gmr@a AT corrosion,
pl anari zati on dl'EEnanmat hmlsmn;pralss@ellSaarmamﬂﬁg; aaligaqueeaﬁalsiyity of

conpri sing di b I bdenum and n_oxi di zi

agent and -pol i st%%" ﬁgglg%&leg’r&vﬁ s ttf}:ule aqueo %erélelﬁgﬁ? SitRg® av?)léjr?@ﬁ Hy
pad and & pr@@meabetﬂe@maﬂtaaﬂ(mper and the polishing pad of about
0.5 psi and about r.ab b 20 0.5
psi and about 2.0 ggg %%13 nxgéfl %gaoe%b%%tga%\g%h% ?MEQ% sses
slurries acceadiragdt out it gowseressuvent [ bre exwidvint fhlrghsp)ol $wth as,
raies o1 copres: WisRoUSEChidu IR OB BAACSSRLCUENLED o1 O oot

process is carried at very pressur es own f or ces)
bet ween the cépPePShndNiEaseri st MEtiae. chrmical guisyes ofathe exl oty

at hi ghipressenesithig, , WeWHFFELDhoIRRY 0EALSE dé%@%%'t&é'@h@ns of the
del ami nation of |ower-k dielectric |ayers. Accordingly, urries

according to PAGTELREHI FUCTAFEEUF Be FHESH N PEH EDpFEC EXFncLlusion

processes to b& gatdteskidh @uhlaitb@%x@cﬂ &éﬁl&kﬁ%s(lkre? polO¥R FHELDan
such as pressyres ll ntadranggt gp ut and nore
preferably as”°l 8% &-8%5°F 2-8°p a@séleﬁfl%f*}cﬁ’rl &ﬁ%ﬂé@gurésg r To
m ni m zes thmaahgartlﬁe)r};mmmdtaivmgt o@nthbBecbppek ¢ty afrsodiss) .
dielectric materials during the CWP process. Thus, the sl urries 35
descri bed herein are desirable so that the copper CVPP 36 WO

2006/ 078392 PCT/ US2006/ 000892 pr oceseisE a8 carri ed out at high

22; ?gglhgﬁt rates woilfy; 8 nhE Ziagdekecis SUch. A8 [kEHO tsocrlgéf:.%’ a
copper disk having a diameter of 6 inches. The CMP

polisher was a Struers DAP® with an IC-1400, k-groove
polishing pad. The carrier remained stationary {i.e., was
20 not rotated). The rotation rate of the platen was 90
revolutions per minute (rpm). The pressure (i.e., down-
force) placed between the copper disk and polishing pad was
5 pounds per square inch (psi). The slurry flow rate was
60 ml/min. The amount of copper removed from the surface
25 of the disk by CMP was determined by measuring the weight
difference of the copper disk both before and after
polishing, taking into consideration the density of the Cu
material, the area of the disk that was polished, and the
polishing time. This was then converted into the rate of

30 removal in terms of nm of copper removed per minute.
The slurries of Examples 38-42 are all the same except
that the weight percentage of the oxidizing agent, i.e.
hydrogen peroxide (H,0,), was varied for each example.

Examples 38-42 all contained 0.5 wt.% ADM # 0.5% glycine +
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di shing, erosion, as well as enabling high cleanability of the
pol i shed surface that has been exposed to a variety of 5 chemcals
and particles. The high disk pollsh rates obtained from CVP processes

carri ed outWRZM6GIFPt essures (i.e., down forces), such RET/UPHYE00892
exanpl e, pressures in the range of about 0.5 to about 2.0 psi,

i ndi cates thepacki gniGhenb e} itat seed pf stite Siar &y 150 shem satis.c1Wd.h
proper choi ce_of the caoncentrati (F)lns of the addi tj ves, sur fact ants,

conpl exi ng aggﬁ‘ﬁ‘g‘p EndSbyF FHE-GE o - 1f0 % efe r 0sESATPARI K1% oroTrid neRl
abr asi ve, pol iosBsrates, Camxalﬂ@l%EM@th&t@rlrféﬁu@Q@O‘—’*aﬁzdﬁs| r@ghnle 41

o1 acess) . 15 ERRRALESIR TS At | b b ia dApPaa autas hevs ey (5°

polish a5 copmemadlmkghlamrc&gﬂaghsamﬂ @rac(hf oﬁ th€h§$ur5f_hec6ﬂ\ﬂ;bs:l_tlons,
pol i sher was aSt uers DAP( h an.| C 1400 roqve ol ishin
pad. The carri8f {r:le“Frealfene ?%1??%%%?‘? EevEr, rﬁgge?%mﬁ% rBEﬁ?%ﬁWg#ﬁg
rotation ratedefiohheeplvatten \A/aishé)menrcmtopanccen’sa@eroﬁnﬂaw anfiryng .diEthe
pressure (i f e, sk.and

pol i shi ng padpblqg)qgn% loa(tga? 5@%%%%5? :/('%gﬁ %ﬂ %%?{gldﬁ uirf”r8 2 W e
rate was 60 prementedhen dimit S%f copper rermved fromthe surface 25
of the disk by CVWP was determ ned by measuring the weight difference
of the copper disk both before and after polishing, taking into
consi deration the density of the CuTA®fe® al, the area of the disk
that was polished, and the polishing tine. Thi s was then converted
into the rate_of _ 30 remval in terns of nmof copper repnved per

m nute. The s axampes|of Becanglesus8iviznare gl | stthe $anerexoeptte t hiat
t he wei ght pefcentage of the oxidizing agent], igc. |hydragernzperoxj de
(H202)1 was vgried 1 C EXanpres 38-4¢ ar1—_contarned
0.5 wt.% ADM |+ 0, 5% F‘“’%‘% QAgmggsvﬁlﬁ‘b‘ﬁ%/ 076392 _PCJ/ US2006/ 000892
0.5% ani no butyritc af Od'3 B BFRE 96-sPBD palt 1€k es. 78

BTA + 1% 810,

0.5 wt.% ADM + 0.5% glycine +
39 0.5% amino butyric acid, 5mM 0.35% 1244
BTA + 1% S5i0,

0.5 wt.% ADM + 0.5% glycine +
40 0.5% amino butyric acid, 5mM 0.50% 1177
BIA + 1% Si0,

0.5 wt.% ADM + 0.5% glycine +
41 0.5% amino butyric acid, 5SmM 0.75% 862
BTA + 1% 3i0,

0.5 wt.% ADM + 0.5% glycine +
42 0.5% amino butyric acid, 5mM 1.0% 504
BTA + 1% 510,

EXAMPLE 43
The slurry of Example 43 was used to polish an 8 inch
silicon wafer having a copper layer deposited thereon by
electroplating. The CMP polisher was a Westech 372 Wafer
5 Polisher with an IC-1400, k-groove polishing pad. The
rotation rate of the carrier was 75 revolutions per minute
(xpm) . The rotation rate of the platen was also 75

revolutions per minute (rpm). The pressure {(i.e., down-
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Exanpl e 38 contai ned 0.125% H202. Exanple 39 contained 0.35% H202.
Exanpl e 40 contai ned 0.50% H202. Exanple 41 contained 0.75% H202.
Exanpl e 42 contained 1.0% H202. The 5 remai ni ng percentages of each
of the sl urW926ME88% tions, which were not specified aB&¥dS2006/000892
represent the percentage of deionized water. The wei ght percentage
of H202 and t Herdeskplpedd Prthgehaths &@ﬁpéﬁ&amm@ Qlﬁé&hﬂfxg BedTRIaRS

38 - 42 are rese ed in Table 9. TAl urr osition
o Pol ton AL BOCRBROPER ATHE BE WPy AV os!s%@ryé s s
0. 5% am no butypimol Acim, Sk Qm&ﬁﬁ%dﬁ&opﬁ%& T ehvSHCRr & S vd . LorFiAdet

0.5% gl yci ne py 39 0 5% m nqQ. bu e aC| 5mM. 0. 35% 1244 BTA +
Sic2 0.5 wt. %A 4@‘ g|§’0 EéME SH“&B‘“:‘% ri CEARTHL NG
0.50% 1137 B’Ehieﬁkll%SSl@ m%cmppyxAm&er 0::5%1-@ yaifae Hodl e fidHeaRinAo

ol vei no & 42 B EOE B o ey s ol Sher U ARt e RYGieping
EXXI\/PLE 43 Thé&imeur r'@hxﬁ‘ WE)%‘aﬁbee adnyeist ed eichttoo thel kghe af admotal in
silicon wafer -hayl Nge aut OPPelod-avelA80A8I bed figheon by

el ectropl ati ng. The CWP po r was a fer 5 Polisher
with an | G 1400, KkE¥pmplRs }:ﬁﬁ iashiteg nead .0 -Phert .o dn Or&fe gdfvctihe +

carrieripas 76, 5evahihboRgtpelcNapyle W@TAThel%Ofséb%%aEEiSzQé +

the platen was also 75 revolutions per mnute (r e pressure
(i.e P down- 9gl25% H,0,. The remagnlng percénégge of é%e slurry

composition, which are not specified above, represent the
percentage of deionized water. The copper film polishing
rate for Example 43 was 1130 nm/min.

15 Another embodiment of an aqueous slurry may comprise
other molybdic acids dissolved in deionized water and an
oxidizing agent. Such other molybdic acids may include,
but are not limited to, phosphomolybdic acid (PMA),
phosphotungstomolybdic acid and vanadiomolybdic acid, for

20 example, and are readily commercially available.

The molybdic acid may be present in an amount of about
0.1 to about 10 wt. %, and more preferably in an amount of
about 0.5 to about 10 wt. %. The molybdic acid may be
provided in powder Zform such that the molybdic acid

25 dissolves in the solution of deionized water and an
oxidizing agent. Generally speaking molybdic acids are
completely visibly dissolved in an agqueous solution of
deionized water and the oxidizing agent.

The oxidizing agent used with the molybdic acid may

30 comprise any one or a mixture of the oxidizing agents
already described and present in the amounts described
earlier. Additionally, complexing agents may be used in
the molybdic acid aqueous slurry. Complexing agents may
comprise any of the complexing agents and provided in the

35 amounts already described herein.
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WO 2006/ 076392 PCT/ US2006/ 000892 force) placed between the copper
and the polishing pad was 2 pounds per square inch (psi). The slurry
flowrate was 200 ml/mn. The anpbunt of copper renpoved fromthe
surface of WORE'EFEE by OVP was deternined by nmeasuri ndGIAS2696/000892
t hi ckness of the copper |ayer on the wafer both before and after

pol i shing anghd &iikd zk AlOa FONS ﬁﬁ&%k@@lié‘ﬁ:l’@bbﬁﬁéﬂ%s tien®. adhi s was
t hen converted into the rate of renoval in ternms of nm.of copper
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H The r.emai ni,n of t slurr sition ich are

not - spet T THIRT ABtNE 28 Bpf CS Mt he' thereBRE by LG BRPTSALNAC or

The coppigh fpdImspolriasbeng Siratle:f oighxpopl eh#dy et iti3Rapmabsa. 15

Anot her errbodbrrent of AN, agueous_ sI urry nmay cosrrprl se her rggl ybdi c
uc

aci ds dPSE61 vBY e oniPRASWATRF’ and HH I i z‘f}hﬁ
ot her nelmyblhic taginds tiap mab&hd:eglddaubnar ernperdaxymioew tmj:h or

phospho‘gﬂ} ct}?em“g) g{lr? It&gsphot ungst onol ybdi ¢ acid and

vanadi o I c aci exanple and are readily comrercially
avai |l abl e. ﬂﬁ@ommsc O£csaunaye$eccm@;emnq rthen medybdicodcadout

0.1to U sEORWt 91&%‘21‘1 Egﬁeam %&1%' %ukga@‘@aﬁm%% afRfonfibout 0.5

to about 10 wt. % e aC| provi de powder form
such t h%‘%rﬁahé:arﬁﬂtybd%rc aci 93’2501(‘—:11%50‘-? Gfpntthe solf@e] oﬁne@nﬁ‘él oni zed

wat er ad\eh Sbr i Gls2hingn agetaquengr ah ¥ r§peaki dgndmlebdhg aedds are
conpletely visibly dissaolved in an aqueous sol ution of @ deionized

water ol 3 HBLERRR 27 gy LCTHfe SIATACHIRGSaGeRcTited RPTHR he

mol ybdignd@ci gr 88yded0 Q@Wpthée aﬁwsuﬁﬂe obravib¥kuye absthepexi di zi ng
agent s al rea y descri bed, and pres in the armunt%‘descri bed

ear | i erSTNHRHiYonat 1S, CRbhprEi igt ﬁ‘éJﬁ?%t My © ¢ n®R%* ol ybdi ¢
aci d agtleotisy stay rapmpdrel exvngnagent & mAgtueenpri sheaayt dbnide
Conplexgggk é¥§Hﬁ% %U% nggeggdlﬁr%ﬁgmémounts already described.
The nconionic surfactant may be one or a mixture of one of
the family of polyethylene glycols already described.
Opticnally, the aqueous slurry comprising the molybdic
acid may also be provided with a copper corrosion inhibitor
which may comprise any one or a mixture of heteroccyclic
organic compounds including benzotriazole ‘(BTA),
benzimidazole, poly triazole, phenyl triazole, thion and
their derivatives. Further, the slurry may contaiin any
combination of these surfactants and corrosion inhibitors.
A preferred anionic surfactant used in the molybdic
acid slurry is a salt of dodecyl benzene sulfonic acid.
Dodecyl benzene sulfonic acid surfactant and salts thereof
{DBSA) may be present in amounts ranging from about 0.00001
to about 1 wt.% (DBSA}, such as about 0.0001 to about 0.5
wt.% (DBSA), and more preferably in an amount of about
0.001 wt.% (DBSA}.
A preferred copper corrosion inhibitor used in the

slurry comprising the molybdic acid is benzotriazole (BTA).
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35 amounts al ready described herein. 39 WO 2006/ 076392
PCT/ US2006/ 000892 The oxi di zi ng agents may oxi dize the copper as
wel | as react with nolybdate ions present in the slurry. The new

per - nol ybdat"@ 8t 4e¥bxy- nol ybdate ions are expected to HH{R6/N00892

oxi di ze and conplex wi th copper, thereby providing high polish
rates. Sim | aBemnizghrpakbdhi BRIt i coppey aﬂo&trosamurlrﬁylhmmf may be

t ungst at es s mlar transiti OXI
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the cationic surfactant used in thé aqueous slurry may conprise any
one or a m xt (€ BRRFRLT AR é teafart ddrssunbl Y es@bt innth$erange

anount s al ready gdesefipad apbhe @Omrﬁﬁltp%e%e&faai aﬂévmg' PSHODE Kfe BF
m xture of one_of thefamly of ene | s al ready

descri bed. Op@P8HAI Pyt h%b%itfue%us g?“t‘“jr Pi]/‘ @énﬂhéﬂ%@epﬁé ] yébldJ}l’crles

aci d mayL@l soabeopaonyded thé hpeOPPEmveAkiosi ARy BB Bl @stedMUERne
may conprise ag%l ;F)ne or .a m>J<Ct e of ,heterocyclic _qrgani.c conpounds
i ncl udi ng benZ6PF 4981 8T ( BYAF2P1BehsitAfddSofer FERFIEr B2 e CTpRARAS
triazole, thide.gnd phatdysium der exabhves. hdirdstiets) t be ﬁbuldinéY&ghown
contaii any iLpation of.these surfac ants.angd, corrosi on

i nhi bitors. % rrg Teryed a?lY:brh co%dulrnfaaé’t ant Eél'se g% €t He" ol ybdic acid
slurry is a salt o¥edodetdt lyerdenembadifoemics acifd. coDbdbtyd l:nelrmes

oL ST A gt AR RS DBl g
about 0.0001 Bésabd@t Drovierd wwiDBSANprasdentrd precfapviaiingtah am:lde
amount of aboWhyticles. Such supplemental ceramic/metal oxide particles
may be added to the agqueous slurry as colloidal particles
or as fumed particles. Such supplemental ceramic/metal
20 oxide particles used in the aqueous slurry may comprise any
one or a mixture of silica, ceria, =zirconia, titania,
magnesia, iron oxide, tin oxide, and germania. A preferred
supplemental ceramic/metal oxide used in the slurry is
colloidal silicon dioxide (Si0,). Colloidal silicon
25 dioxide (S10,) may have an average particle size of between
about 10 nm and about 100 nm, and preferably of about 20 nm
to about 50 nm.
Polishing slurries comprising the molybdic acidmay be
utilized in a method for polishing copper by chemical-~
30 mechanical planarization. The method comprises providing
an aqueous slurry comprising molybdic acid dissolved in
deionized water and an oxidizing agent and polishing copper
with the agueous slurry using a polishing pad and a

pressure between the copper and the polishing pad of
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0.001 wt.% (DBSA). A preferred copper corrosion inhibitor used in the
slurry conprising the nolybdic acid is benzotriazole (BTA). 40 WO
2006/ 076392 PCT/ US2006/ 000892 Benzotri azol e (BTA) copper corrosion
i nhi bitor n¥92MEP78%esent in concentrations rangi ng frofCABE06/4008Y
about 20 mlli-nmolar (M) BTA, such as about 1 to about 10 nM BTA,
and nore pref erabkgniasbeutcdnGepbladndrbaiitabodtpdD a1 BbhAe Hrdierapiy

of enbodi nent f slurrie onprisin bdi ¢ acid according to
t he present |%V§n F%nab 4 6 rPs%hégiéﬁﬁgtgg ébBﬁ% 1 to about 14,
such as a pHin the range of about 1 to about 6, and preferably

having a pHin the of about 4 to % IpQHpH of enbodi ments of
slurries 10 according to the presen |nvent|on may be adj usted by the
addi tion of suitabféuacies ¢€. gxamptesiédaci dp werbasesd (e golish a

pot assi um or u roxi , 58S yg%# e kn : erso
havi ng o?%lna??ggg%lﬁhgﬁgtﬁé%gﬁ% Yé? Jg?$onglqygﬁo ¥ﬁ§nts @?e ChE
pol i shing sl uPpiléshensvesnyt i Sitnyerhe DABBy it aghd T4cddi0@i nd-tarooive

I nvention maypoek§RiRe PPV dad %kbléy%mfdagt%&aﬂb%@f al. Owa%e
particles. Such supplemental ceram c/netal oxide particles

added to the BRtied@S38Pdiry akNRoFPERERIN paRERCIds thy E%at@meuas 90

particles. Suehvsupplenenicd rGenal ¢ipmf al 12 pxbdeuparblsdes veseldeh
t he aqugﬁus sI rr¥ e any. one or a nmixture of silica,

co
ceri a, rconf PPB%F ngnﬁ RePPZ21SPLBA B??d@astﬁﬁoﬁ§léepo§ﬁés per

germani a. A psqﬁeréedncaupplsenent Ghecenamt-g/ febal rexiederadsed inl /e .

slurry is colloidal siligcon dioxide Col | oi da ilicon 25,

i oxi e (S 2 PRl TS U SRR & SISO FEOR DB oF ShkroRat Thsodisko

nm and about BOOCMEMWaandepeehinad(ly mfeaabninhg Mmmelt;htabbﬂfe&crei L

Pol i shi ng sIu e ri;$L.0g,t I i na i.n a
flé 2o gSQP d.SLSQ botE nl;%f%?g 6 teryé)aci%_ gl’l %gtklgﬁ

nmet hod for |sh|n copper by chem™a ani
The net B&d coﬁpt@sﬁﬁnqydﬂnamﬂqy the density of the Cu materlal the area

cf the disk that was polished, and the polishing time.
This was then converted into the rate of removal in terms
of nm of copper removed per minute.
The slurries of Examples 44 - 489 are all the same
20 except that the weight percentage of the oxidizing agent,
i.e. hydrogen peroxide {H,0,), was varied for each Example.
Examples 44 — 49 all contained 1 wt.% phosphomolybdic acid
(PMA) + 10 mM BTA + 1% glycine, 1% amino butyric acid + 1%
510, particles. Example 44 contained 0 % H,0,. Example 45
25 contained 0.25% H,0,. Example 46 contained 0.50% H,0,.
Example 47 contained 0.75% H,0,. Example 48 contained 1.0%
H,0,. Example 49 contained 2.0% H,0,. The remaining
percentages of each of the slurry compositions, which were
not specified above, represent the percentage of deionized
30 water. The weight percentage of H,0, and the disk polishing
rates for the copper disk of Examples 44 - 49 are presented
in Table 10.
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Yet another embodiment of an aqueous

slurry may

comprise molybdenum trioxide (Mo0Q,;) dissolved in deionized

water and an oxidizing agent.
supplemental ceramic/metal oxide particles
described herein,

particles or as fumed particles.

To this mixture is added

as already

but which may be added as colloidal

As previously described

above with regard to the molybdenum trioxide (MoO;) slurry,

the same oxidizing agents, complexing agents, surfactants,

corrosion Iinhibitors,

acids,

and bases may be used in

various combinations in accordance with the teachings

provided herein.
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30 water. The wei ght percentage of H202 and the disk polishing rates
for the copper disk of Exanples 44 - 49 are presented in Table 10.

42 WD 2006/ 076392 PCT/ US2006/ 000892 TABLE 10 Exanple Slurry

Conposi t i onVORPUOEFP: sh Rate H2O2 (nmimin) 10 wt. % PM@C-T“@WW# +
1% 44 glycine + 1% am no butyric acid + 0%698 1% Si 02 10 wt. % PVA +
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corrosi @o i nhihént Son a6hd i taRdgRASES SAY-aBesUSEH ddbper when used in

the CMP process, even when the CMP process is carried out

at very low pressures. DMore particularly, when molybdenum

trioxide Mo0O; particles were dispersed and completely

dissolved in an agueous solution containing deionized

15 water, hydrogen peroxide, and BTA and used as a copper CMP

slurry, high disk polish rates (e.g., about 1200 nm/minute)

were obtained with a nominal pressure (e.g., about 0.5 to

about 2.0 psi). As mentioned, CMP prodésses carried out at

high pressures may cause undesirable delamination of lower-

20 k dielectric layers provided on the copper. Accordingly,

copper CMP should be carried out at low pressures, such as,

for example, pressures in a range of about 0.5 -~ 6.0 psi,

and more preferably pressures as low as 0.5 - 2.0 psi, to

minimize the shear forces that act on the low-k layers of

25 dielectric materials during the CMP process; Thus, the

slurries described herein may be used to édvantage in

copper CMP processes described herein, allowing the

processes to be carried out at high throughput rates while

minimizing defects such as micro-scratches, corrosion,

30 dishing, erosion, as well as enabling high cleanability of

the polished surface that has been exposed to a variety of
chemicals and particles.

The high disk polish rates obtained from CMP processes

described herein carried out at such minimal pressures

35 (e.g., in a range of about 0.5 to about 2.0 psi) indicates
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10 various conbinations in accordance with the teachings provided
herein. 43 WD 2006/ 076392 PCT/ US2006/ 000892 The M)03 may be utilized
in a nmethod for polishing copper by chem cal - mechani cal

pl anari zat i R 20063kt hod conpri ses provi di ng an aqueo&TE|Saf064)00892
conprising dissolved MO03 and an oxi di zi ng agent and poli shing
copper wth thae5 aaguigeuUscisdniiday usitirea @bl ithbi g Wrag.andore PHES e
between the copper _and th ad of between. about 0.5 psi .and about
6.0 psi, and ﬁ%g OBFefWg‘ryabf@fsoe?iv)\)éléWaﬁf);gltlbﬁ. 5 psqubang Ihégglut&f.“ﬁcal
psi . Enbodi nertacolvib@3silsur dues tacconeli npnipd ettke ¢t @seinttich0 of the
i nvention exhjhi I polish ra f opper en used_.in .t
process, even{n{glx%gﬁg%ﬁgm&# %?lod(’:eeg’;%%itéggggr' i e@lgﬁ?pr%e{/e{?%&r%@w@% %
pressure$. Mrenpantigbiems yofwhde npdddidieraem atdi dyi dendDO8ion of a
particles wer ' e - S)Jgpg j ved. | n 0

sol ution cont gf}%}:ﬁg%ﬁzi gﬂ?g%ﬁ€1 V\I/g(% girry %%daf%gieerf ;C;F)edrloq[x@der,adl c%%dlé Abe
and used as atupppercOMPding tia ¢ useghsdicskupskEnent s aard delapinagliont

1200 nnf m nut gf +MET eopDk aiNAd W LR 229885N8L A PLESHIL fnlfad. » about
0.5 to about 2.0 psi) As mentioned, "CVP processes carried out at

hi gh pressures may2gathAdeBiaEbice Sdel Akt ket GIPRFET Bager ZPLishing

di el ectnbc | ayge8spPEeVbaed eRBoliNBeSOPHEr anAREBL AINGLY, ofCARREL MRt
shoul d be carried out at | ow pressuyres, such as, for exanple

pressures i n &'VEREECRf ¥AbGutdsFes™ingdo Yasibe  3Rd gie % ePBPAbB| 200
pressures as h@wnasubed -Thd @lpSikied Oof MAUNMD 1% Bhe-sheafefOIGas cirbat
act on the Iogv—k I%}/ers of 25 djel ct%;c n1af;_'<ar$.rglst‘}g)uringl tog)% CwP 1
process. Thus:°t HE™Sfur?tes eseiTbed hBREFASEY B USed 1t nm{
advant age i n mtoppey GhP firacessés ldésort bed dfer 20 nnmal daiidigiatlhesio,
processes to be. grri ed_out aa(tj{delai_gh t hroughput rates while

L. lves were . . .
mnimzing defect & Such'as m cro-scratches, corrosion, 30 dishing,

erosi on, as wel | aBhenabsiripishh tiraczbidfl thheofcoppee palsi gked with
surface that S@Qttﬁﬁ¥1é%&&gﬁgdr$§bﬁhé§§’%%H%egfof about 1 nm as measured
by a non-contact optical profilometer. If higher post-
polish surface quality 1s desired, the CMP polishing step

20 may be followed by a buffing step. In one embodiment, the
buffing step may involve additionally polishing the copper
surface with deionized water for about five to about
fifteen seconds at a pH in the range of about 5 to about 7.
The advantage of using a deionized water rinse buffing step

25 is the removal of reactive chemicals from the wafer-pad
interface, which removes residual amouhts of molybdenum
oxide that may remain on the surface of the wafer-pad.
Clean and smooth copper surfaces may be obtained after
subsequent buffing using a deionized water rinse.

30 The general methodology for pattern wafer copper
polishing is to polish the bulk copper initially at a high
polish rate and then, as planarization is achieved, the
copper polish rate is reduced in order to minimize dishing
of copper lines. With proper adjustment of the slurry

35 constituent composition and process parameters, the slurry
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chem cals and particles. The high disk polish rates obtained from CVvP
processes described herein carried out at such mnimal pressures 35
(e.g., in e of about 0.5 to about 2.0 psi) indicates 44 WD
2006/ 076392"'9@‘1‘%@@2%6/ 000892 the active chemical natuf&TOS240pR0082
slurry. One of the reasons why this slurry exhibits such a high

chem cal reagti ‘thby;ir%s@ﬂ@ tmvtehelaﬁrrelaet e;sdie@@éwt i‘:’@f\ afu.;: hgeneral
nol ybdenum tri oxi ‘? artic W.th £r0. efé+Ch°' ce

concent rat i onBeHiR° RO |9%Jsl‘°§ﬁd‘ ILEHnTH e% aggr}:ggpoﬁower

i nhi bi tor andrabte&brasive, polish rates can be tuned according to a
user's requirenents and delamnation of the lowk dielectric |ayers
can be mnimzed. As shown in Exanple 54, blanket copper wafer
polishing 10 rates of one enbodi ERAMPLES &0 MOGE sl urry of the

present .invention.yere etﬁéaegg{[{gigﬁbgoas hggh | I terecfl 1%9%;011511

nm mnuté. The sluffies o 54 were enove
any undi ssol vedrper td.e@loae‘r&@ove 4,900.qnn (vefen digh)havnwing zedinneled

wt % of 20 nm,gof 'ﬂ&ﬂféts' He %%PBQE‘;‘%A‘ % %@éﬁt@rﬁ’d&f elE?:G‘cro lating

post - pol i sh surface he cop wa ace
roughness val teg @GfP :mimsmemma&s anﬂé%b?@@l Megeh 'b?'n V@dﬂ’t a‘t@t IprLﬁ@BP

profiloneter. l&hodhefo1R0%in PEHShf@ﬂfE%&%l%&athYrb§a9§§kﬁﬁg rbbe
CWP polishing step 20 may be | owed by a buffing step. In one

enbodi meAt, tHE THuFETng SRR PIHRSFYNH SILRESsd At |%IQOFP66I PdRkny2Ehe

copper surfaﬁ@umé hbedekaibzedinet e(lpsfa_@r atealts e moam&e whisf been
seconds at a pH,in the raa%g) of afgout to about .7 adva ge gf
using a dei onfLEH Rvat NG iAROMREUPE ] AGPREEpE9BCT R t%"eonil élur ©

reactive ChentH@|§1§K(B?th?\Mabeﬁepaﬂmlh@d€b§ameasmfﬁnd1ﬂh@ﬁﬁh&&kness
e dual ATOURL S JRRCERD L 0N G5 AL Y EEE R A LG SUrhats
after &bGbseqietnd bohbidgrasiog adhdeipoliisbdngatieimei ns&€his was then
converted into the rate of removal in terms of nm of copper

layer removed per minute.
The slurries of HExamples 50 - 54 are zll the same
except that the weight percentage of molybdenum trioxide
20 was varied for each example. Bxamples 50 - 54 all
contained 5% H,0, + 0.5% glycine + 10mM BTA - filtered + 1%
8102 particles. Example 50 contained 0 wt.% MoCy;. Example
51 contained 0.5 wt. % McQ;. Example 52 contained 1.0 wt.
$ MoQO;. Example 53 contained 3.0 wt. % Mo0O,. Example 54
25 contained 5.0 wt. % MoO;. The femaining percentages not
specified above represent the percentage of deionized
water. The weight % of molybdenum and polishing rates for
the copper disks of Examples 50 - 54 are presented in Table

11.
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polishing is to
as

30 The general nethodol ogy for pattern wafer copper
polish the bul k copper initially at a high polish rate and then,
pl anari zation is achieved, the copper polish rate is reduced in
order to m¥WPHP'SPLhing of copper lines. Wth proper PAJ/URRUSEHBIZf
the slurry 35 constituent conposition and process paraneters, the
slurry 45 WD 2006/ 076392 PCT/ US2006/ 000892 of the present invention
can be tuned for this general nethodol ogy of polishing at higher
rates and then | ower rates. EXAMPLES 50 - 54 5 Slurries of exanples
50 - 54 were used to polish copper depesEtEd on a silicon wafer disk
having a dianeter of 6 inches. The copper was deposited by

el ectropl ati ng. TheICNP polisher was a Westech Mddel 372 with an

| C- 1400, k-gf ol i shing r was rlo eq

10 of 75 rpm gﬁ%ﬁﬁ%essure pfgggar ﬁ?ﬁ%’cggper dlskgﬁgs ll%ﬁﬁ%&%
per square ingh (psi)l . The slurry flow rate was 2q0M091/n1HmVWHB)
amount of copper 5()em)vgcb%f qqggp Irh@ UL e 0 18N di sk by CVP¥@S
determ ned by neasurln t he thicknessS. = of the copper f|In1both bef or
and after pol |shing ﬁdfi% Nitiaol c%%é?ﬂ%ratlon tlhe polli shing tinel
This was then cgmvertﬁ_d)%l B9 Hte F2atey&fnd Ny ady i [Not &f 5 of g of
s 50 - 54

copper | ayer| renoved r The | yrries of Hxanpl ¢
are all the shme aw“éﬁafha} F%&JMPI% 5 Hérrpntane of mbl vbdenum
4 al boo

trioxide 20 hasszari esd.of%onzcgacm @%agpj;@neExan@Ir@fs 50, 6% §

cont ai ned 5%
particles. Ex
0.5 wt. % M{
contained 3.0

H202 + Q.

ahple 53-contalne
3. EXanp

=

=

nor.con

% NQQ%.+E¥ﬁﬂRL%d5$

filtg

28 9l ¥el0g ek JOMEBRA - 11 L

red +
51

1% Si O2

caont ai ned

| & 0B2HgRNnt d fedglydinst + M@
1g§160ntalned

f\\lﬂ l‘

The remai ni ng
per cent age of
pol i shing rat

AR A VA S B B
rJ

debdni Z
es for

Cnﬁf‘l I

el OBnEiCar + OT156 wkyajite % DY bl

Exarmp

50 w.
epHesent

e 53000
% Mo03.
H-Re

ybdenym angoco

BTA + filtered + 1% SiQ,

EXAMPLES 55 -58
Slurries of examples 55 - 58 were used to polish a
copper film deposited on a silicon substrate wafer having
a diameter of 6 inches. The copper film was deposited by
The CMP polisher was a Westech Model 372

k-groove polishing pad.

5 electroplating.

with an IC-1400, The carrier was
rotated at a rate of 73 rpm. The platen was rotated at 75

rpm. The pressure (i.e., down-force) between the copper
and the polishing pad was about 4 pounds per square inch
(psi) . The

amount of copper removed from the surface of the disk by

10 The slurry flow rate was set at 200 ml/min.

CMP was determined by measuring the thickness of the copper
film both before

consideration the polishing time.

and after polishing, taking into

This was then converted
15 into the rate of removal in terms of nm of copper removed

per minute.
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t he copper disks of Exanples 50 - 54 are presented in Table 11. 46
WD 2006/ 076392 PCT/ US2006/ 000892 TABLE 11 Exanple Slurry Conposition
%w. Polish Rate M0O3 (nmimin) 50 5.0% H202 + 0.5%glycine + 10 nM
0% 350 BTA WOZPI60aE38Y + 195 Si 02 51 5. 0% H202 + 0. 5% gl y &CTAIS2006/5008%3
0.5% 900 BTA + filtered + 1% Si 02 52 5.0% H202 + 0.5% gl ycine + 10
mM 1. 0% 900 BTA +Thé | senedids 166 SEQR2mp3eb. 8% H2028 +aBe 5507/ ¥BbnN@ahe
10 mM 3. 0% 1000 _BTA ﬁ E_:iltere + 19%,Si 02 54, 5. 0% H202 + O 5%%% yCi Ee
+ 10 nM 5. 0% T360PC BFR2E 1111 eF¥HC+ o SO ERNPRES B 1958 &4 PRS

of exanpl es 5BxampbBe werkxamgeikd ot i 5h #l1 coppeiidfdd o depasiy ecb@n+a
silicon substgate, r havin a dianeter,of 6 inc . The_copper
filmwas depoéf@e&%%?) B’I e t(?oél a‘fil%cgl.ne'l'hJé & IB%I ??%er V\géa & 55
West ech Bbdel c87Rainmed hnanab€adfi(ls . k- frempéepdlol shimgipad. cbldéoidal
carrier was t r 0f, 7 . _Th t ol at e
75 rpm The proEuEf (ol PGS bafad €A BN Aok
pol i shing padnmasaabedt abrscuvgs perxawiar eS7nchnteinedi perTheld| @PpPy
flowrate V"asf&ﬁédatsi%%%am paLPi 708  Amount gEEQQE{?@f r.efﬂk‘é%%l‘%ro%
by ~CwP e

the surface of the dis _ was determ ne {_rreasurl ng t
t hi ckness of ffRt@ppercolilicifebothlber of¥lGidrartéelpsl ikaiing at ARRAQ

into copsidepatiomd heipol bshbg o, Mas TAH SaMBSsihen C@gge@eﬁgiﬁ@ng
er

into the rate of renoval in terns_of nm of copper renove p
minute. 47 WPSHEHH TR 2oPCeSYhis) 6beggrepresent the percentage of

deionized water. The effect of the wvarious types of
abrasives on the polish rate of a slurry containing 0.5 wt.

% molybdenum trioxide is shown in Table 12.

TABLE 12
Example Slurry Composition Abrasive Polish Rate
{1%wt.) {nun/min}

0.5% MoQ; + 5.0% Hy0,

55 + 10 mM BTA No Abrasive 360
0.5% MoO; + 5.0% H,0, 50 nm

56 + 10 mM BTA colloidal 495

' alumina (Al10Q;)

0.5% MoO; + 5.0% H,0, Aerosil® 200

57 + 10 mM BTA fumed silica 495

(810,)

0.5% MoO; + 5.0% H,0, 20 nm
58 + 10 mM BTA colloidal 740

silica (SiQ,)

Yet another embodiment of an aqueous slurry may
comprise molybdenum dioxide (MoO,) dissolved in deionized
water, an oxidizing agent, as previously described above.

To this mixture is added supplemental ceramic/metal oxide

48



The slurries of Exanples 55 - 58 are all the sane except that the
type of abrasive was varied for each Exanple. Exanples' 55 - 58 all
contained 0.5 wt.%MO3 + 5.0 %H202 + 1.0 %glycine + 10 nmV BTA.

Exanpl e 55 WO2H26342d no abrasives. Exanple 56 contai nd@TESRYS0SY2
al um na (A102) particles, having a nean particle size of 50 rim as

an abrasi ve. ﬁxaﬁ]ﬂbﬁeé?asOﬂiﬂéw Aesoshbédl) hd0inf upetl ghlitchamay be
particles as ahrasi ve ont ai_ ned oII I dal Il ca

(5 02) part; craeSd 83 KB ORI So7arfrll Brofte thredobRneiniedn 2o
abrasi ve. Theprewhonshy dqamimm'etce@emwmtw:sﬂecde‘gaeﬂ albowh e eprlgdelnim
t he percentag ei d The fect of the var| us t

of abraS|vesgoEr31L%'?l|g 39 ﬁ r\gg Fﬁ%ry &0nt ai ﬁl § g%%%
nol ybdenbm t rﬂompllexmsg S e tisn Tabb:éaQZanTABLEcdﬁrcEsoaIml eu@l ity rs,
Conposition i b
H202 55 + 10Ava?%5r RggAB?g%%g%a%é Ag&gg? ﬁ?ﬁ ‘}Qﬂguﬁ%"aﬁ%’%%lﬁ/ﬁg gr{
10 nmM BTA col hefduatlauss wiglhykheateAcb2nge. 5P RO hegredyn.H202

Aerosil (r) 200 57 0 5, 50
5006 207 20 nm 58X T M BEA SOl e < 4 2 f“?‘égg%lsﬁc §5) Lo Shihe

anot her enmbodFPRBRET oPY afl et rdresihaiyradn Pl apawp £RE éonpl y%&énﬁﬁthOd

di oxi de1§ Nboz&oﬂbﬁf@éé’%ﬁdv&dﬁﬁg% ZRghe WY @Nurald ee‘m&zél %ﬁ%@b&v@&
previ ously descri bed above., To this m xture is added suppl ement al

ceram c/ net al MR & 28 WHL960619 733RC PR (RS0 SPPPeFA HLR s8e
as al ready desguédbes dianeinusbuy s sFyhP®ad and a pressure (i.e.,

down-force) of between about 0.5 psi and about 6.0 psi, and

more preferably between about 0.5 psi and about 2.0 psi.

15 EXAMPLES 59 - 62
Slurries of examples 59 - 62 were used to polish a
copper coated siliceon wafer having a diameter of 6 inches.
The copper was coated on the wafer by electroplating. The
CMP polisher was a Westech Model 372 with an IC-1400, k-
20 groove polishing pad. The carrier was rotated at a rate of
75 rpm. The pressure placed on the copper disk was 4
pounds per square inch (psi). The slurry flow rate was 200
ml/min. The amount of copper removed from the surface of
the disk by CMP was determined by measuring the thickness
25 of the copper‘film both before and after polishing, taking
into consideration the polishing time. This was then
converted into the rate of removal in terms of nm of copper
removed per minute.
The slurries of Examples 59 -~ 62 show the effect of
30 different abrasives on the polish rates of copper disks.
The pH of Examples 5% — 62 was maintained at approximately
4. Example 59 contained 3 wt % KIO,. Example 60 contained
filtrate from a solution comprising 3 wt % MoO; + 3 wt %

KIO;. Example 61 contained filtrate from a solution
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added as colloidal particles or as fumed particles. As previously
descri bed above with regard to the nol ybdenum dioxide (MQ2) slurry,
the sanme oxidi zing agents, 5 conpl exing agents, surfactants,

corrosi on i WRZHMS(HBE2  aci ds, and bases may be used in \P&TTUSEY6/000892
conmbi nations in accordance with the teachings provided herein. The
M2 may be utbhpreding a8 met fod¥d@y -poBi st Mg KTopper3 byt % silica.
chem cal - nechapi.cal planarizatign.. . pethod 10 copprises providing
an aqueous sl %g?vp%%né)?icsqnﬁgl&egsg %/gga%(ﬁmé%ﬁl 5838%38?2‘? J%f'gsétﬁ}gg
and pol i shi ngwtofp®pOwi t h3the 2 aglieods 3slwir rey aisimigraa pdfhieshiengipdchg
and a pressur ] own- f e)..-0f t 0.5.psi about
6.0 psi, and sﬁ%!r:eegtaf‘%?%r\ggl y&r‘b%t V\S/étglr%: bo%ﬁg?’%{)‘gisj‘?n ar‘fgllggou‘?é]ge. OHO%
psi. 155EXAVPRESLEDed mwpr8isgnti ke dfetmearnsioeso el B asetr watised The
polish a cop a LhlLcan e Vi Lat r Qf i nc :
The copper \/vag@(i:%g?egj%%r?% P Eég\%/afég?{ bgygéecc{?ogf)g!ta ?ggégTﬁgld %\}t’@ a3
pol i sher was BoVshiedh Rors B2 the reaparCdisks of Zxagpdesedd - 62
pol i shing padardhsr&Miisd MPATaAkatgd at a rate of 75 rpm The
pressure placed on the copper disk was 4 pounds per square inch
(psi) . The slurry flowrate was 200 m/mn. The anount of copper
renoved fromthe surface of the di skraAnt,CNR was det er mi ned by
measuring the thickness 25 of the copper filmboth before and after
polishing, taking into consideration the polishing time. This was
then convert intoJthe ratf € of .removal. Tn ter of_nm pi_CcD 4
renoved per nﬁgxuatmg&e'l he sl g{“ﬁr 508?13@%&8%5 59 T?\béﬁsjsﬁ?o prﬁbﬁg%‘aé&
of 30 differlent abrdsives on the polish rates ¢of copper|di gkgminThe

pH of Exanplds 59,- € mal nt al ned at appr ox ely e 59
contai ned 3 '-%&%J—e—ﬁg—eem-ai-ne—d_u__ﬂ%.e from E)Sﬁg utign

conprising 3w 66 Mo(B%+M80ym+ %6 HKICLKB. Exanpl e phoweont ai ped 2feBk10 at
froma solutifjon 49 W 20067 076392 PCI7 USZ006/ OpUBI2

61 3% MoQ; + 3% KIO, silica 353%£15
{810,)
33wt.

62 3% MoO; + 3% KIO, alumina 840+17
(R10,)

In conclusion, the claimed product and process
collectively represent an important development in CMP
technology. The product and process discussed above are
novel, distinctive, and highly beneficial from a technical

5 and utilitarian standpoint. Having herein set forth
preferred embodiments of the present invention, it is
anticipated that suitable modifications can be made thereto
which will nonetheless remain within the scope of the
invention. The invention shall therefore only be construed

10 in accordance with the following claims:
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conprising 3w %M + 3w %KO03 + 3w %silica. Exanple 62
contained filtrate froma solution conprising 3 w % MG + 3 W %
KIO3 + 3w %alumna. The remaining percentages of the slurry
conposition which were not 5 specified represent the percentage of

dei oni zed water. The weight percentage and type of abrasives and the
disk polishing rates for the copper disks of Exanples 59 - 62 are
presented in Table 13. TABLE 13 Exanple Slurry Conposition Abrasive
Pol i sh Rat@-AMSnin) 59 3% KI 03 none 303 60 3% MbO3 + 3% KI 03 none
26810 3%uw. 61 3% Mo +' 3% KI03 silica 35315 (Si02) 3%u¢. 62 3%
MO + 3% KIO 3 al um na 84017 (A102) In conclusion, the clainmed

pr oduct and prnogesaqueald ekiriyvfrychepmicals srthamcalinplahharitiche e hopspdr
in CIVP chnol og The product ,and process di scussed above are

novel , @Y%?n Seawemﬁi.uai@ryﬂ@éﬁ@ﬁ GORPTISINgPRNicRs 8 @ solgiblen galt of
utili ta” ﬁfﬁol%ﬁé}ﬂ}?ﬁ'd@solv@ﬁ‘{h Hgloh%@'vﬁhtﬁﬁéné Qﬁtokhdzi?ﬁiéﬁéﬁted

enbodi nents of the present invention, anti ci hat
sui tabl e nodi fi cati ons can be made thereto whi ch will nonet hel ess

i i hal
IR ot 6 34085, Gy SANEHL WPl U AL, o
clai ms: 5@ofiphisb® an dmmanivaguebbelatd. urry for chem cal nechani cal

pl anari zation of a copper |ayer on a sem conductor substrate,
conprising particles of a soluble salt of nolybdenum dissolved in

dei oni zed wat gr m,-dagne% @Iu’ﬂy‘”‘%fa&ﬂﬁ{ 2, %Nhéfr% AGHE TN SHIURT Yndbdate
claim1, wherein said soluble’salt of %/ denum
comprises one or more selected from the group consisting of ammonium

dimolybdate, ammonium heptamolybdate, and ammonium octamolybdate.

4. The aqueous slurry of claim 1, wherein said slurry comprises about 0.1 %

to about 10 % by weight of said soluble salt of molybdenum.

5. The aqueous slurry of claim 1, wherein said oxidizing agent comprises
one or more selected from the group consisting of hydrogen peroxide, ferric
nitrate, potassium iodate, nitric acid, potassium permanganate, potassium

persulfate, ammonium persulfate, potassium periodate, and hydroxylamine.

6. A method for planarizing copper, comprising:

providing an aqueous slurry comprising a soluble salt of molybdenum
dissolved in deionized water and an oxidizing agent;

introducing the aqueous slurry between the copper and a polishing pad;

applying a pressure between the polishing pad and the copper, said
pressure being in a range of about 0.5 psi to about 6 psi; and

moving the polishing pad and the copper relative to one another.

7. The method of claim 6, wherein providing an aqueous slurry comprises

dissolving an ammonium molybdate in deionized water.
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conprises an anmmoni um nol ybdate. 3. The aqueous slurry of claim 2,
wherein said ammoni um nol ybdate conprises one or nore selected from
the group consisting of amoni um dinol ybdate, anmmoni um

hept anol ybdat e, and ammoni um oct anol ybdate. 4. The aqueous slurry of
claiml1, wherein said slurry conprises about 0.1 % to about 10 % by
wei ght of said soluble salt of nolybdenum 5. The aqueous slurry of
claim1, wherein said oxidizing agent conprises one or nore selected
fromthe group consisting of hydrogen peroxide, ferric nitrate,

por cul fat e, anmaneomepiis 8 ek, AR ASAPRIHT LA i Baate

hydr oxyl amongprises dissoblimpth tieibnizednedte? bNg of ARER comPeTdssSselgcted from
provi di ng an aqueous sl urré conpri sing a soluble salt of nplybdenum
ré ofg

di ssol ved thé YR HOREHing: M@ivAad R a@'@ﬁtomqrﬁth%%f)w&d?%

aqueous slatﬁﬁréfn,lﬂghwactta%;%&er and a polishing pad; applying a
pressure between the polishing pad and the copper, said pressure

being in a range of about 0.5 psi to about 6 psi; and noving the

Dol 9 P HA AR i i S AP 2 by SBAIGM,
an ammoni psi amd gbolat20 psi. dei oni zed water. 51 8. The method of claim

7, wherein dissolving an ammoni um nol ybdate conprises dissolving in
dei oni zed water one or nore conpounds selected from the group

consi sting ofmmal hhrétrﬂjmkydmﬁi% f@ﬂi‘?&”bHﬁﬁbh@lﬂbaﬁﬁ%m@C{ﬁbecop(i:f'é’r‘dWNh
ammoni um oct anol ybdat e. . The meth claim 6, wherein sai

pressure idgianiz watﬁjeatoa Rib@fitaboub S fgsBbewid? dooabowt iver &9 .aboot fiftaen
net hod of ¢laim 6, further conprising rinsing the copper with
dei oni zed water 'at a pH of about 5 to about 7 for about five to about
fifteen seconds. 11. A nethod for polishing copper, conpri sing:
providing a h slurr r|S|na a soluble salt of

n

t
nmol ybdenum di g%&%bﬁ‘ﬁﬁ{rg’é’ %rHPQQB Qﬁt g&"ﬁﬂﬁ” oxi di zi ng agent:

pol i shi ng CODP@V@M Bfﬁé’tﬁpbhsﬂhra‘?@%l@ﬂ? é@h@r@h @rsblumé@wt@fmosﬁbdmm
polish rate slu nprising said soluble salt of nolybdenum

di ssol ved dl%ﬁob@ﬁdﬂﬂ,@@@'zﬁét"é@ter and ariodidizing agg@tht , and a corrosion
polishing copper with the high polish rate slurry;

providing a low polish rate slurry comprising said soluble salt of
molybdenum dissolved in deionized water, an oxidizing agent, and a corrosion
inhibitor; and

additionally polishing the copper with the low polish rate slurry.

12. The method of claim 11, wherein providing a low polish rate slurry
comprises changing an amount of the scluble salt of molybdenum that is

dissolved in deionized water.

13. A method for polishing copper, comprising:
providing an aqueous slurry comprising molybdic acid dissolved in an
oxidizing agent ;

introducing the aqueous slurry between the copper and a polishing pad;
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inhibitor; and additionally polishing the copper with the | ow polish
rate slurry. 12. The nethod of claim 11, wherein providing a | ow
polish rate slurry conprises changing an anount of the soluble salt
of nol ybdenumthat is dissolved in deionized water. 13. A nethod for
pol i shi ng copper, conprising: providing an aqueous slurry conprising
mol ybdi ¢ acid dissolved in an oxidizing agent ; introducing the
aqueous slurry between the copper and a polishing pad; 52 applying a
pressure bet wepplyingeapptesstien pepugeraribiet pelisbsygperd sad dthepceppen esaid

being in n I . . [ novi ng the
pol i shi ng%{)% ”geﬁBL'Pﬁgh ?E}%ﬁ@‘? ﬂP%\ g@“&ép‘? égoLr??etgaz.H@Pﬁ'e%BgM. The net hod
of claim 13, weeiregthe pobshitd pgd andae eopsersblativy t€ onp anstsr.
di ssol ving a phosphonol ybdic acid (PMA) in an oxidizing agent. 15. A
met hod for polishing copper conprising: providing an aqueous slurry
conpri si ng nohybrHCnMdd & SRl ¥ dvhdteRprodding #n Buéd&Slurry comprises
i ntroduci ng the aqueous sl ur r(%@be_t ween the copper and a polishing
pad; applgselying ppeesphamnalwp @ﬁldt(l?éﬁ/b)dﬁia@mmgz'pgcﬁgéﬁﬂ t he copper,
said pressure being in a range of about 0.5 psi to about 6 psi;
novi ng the polishing pad and the copper relative to one another; and
rinsing the coppemethddfod@olishing edpp@temaisiray: pH of about 5 to about
7 for about five.to about fifteen seconds. 16.. A qtijhofﬂ for
pol i shi ng. copBMICIRGAR ARYRHS SINEGPAIPHSNE MegpLiGeictsiTalved 1 ai r y
conprising a nolybdic acid dissolved in an oxidizing agent;
pol i shi ng &7y 29#Ath t he hi gh polish rate slurry; providing a | ow
polish rate slurry conprising said nolybdic acid dissolved in an
oxi di zi ng ageintrodaging dheaquassisaiunrn hetweesrthe sapperdand & palishiyg pad;
polishing the copper with the |ow polish rate slurry. 17. A method
for pol i shi ngampuyipg s, presspeibtsitween firegquwilidhing pead aglibeusppkrasyd
conpri sing dissolved Mo@3 particles and an oxidizing agent; 53
pressure being in a range of about 0.5 psi to about 6 psi;
moving the polishing pad and the copper relative to one another; and
rinsing the copper with de-ionized water at a pH of about 5 to about 7 for

about five to about fifteen seconds.

16. A method for polishing copper, comprising:

providing a high polish rate slurry comprising a molybdic acid dissolved in
an oxidizing agent;

polishing copper with the high polish rate slurry;

providing a low polish rate slurry comprising said molybdic acid dissolved in
an oxidizing agent, and a corrosion inhibitor; and

additionally polishing the copper with the low polish rate slurry.
17. A method for polishing copper, comprising:

providing an aqueous slurry comprising dissolved MoOj3 particles and an

oxidizing agent;
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filtering the aqueous slurry to renove undi ssol ved Mo@3 parti cl es,
the remaining agqueous slurry being a filtered aqueous slurry;
introducing the filtered aqueous slurry between the copper and a
polishing pad; applying a pressure between the polishing pad and the
copper, said pressure being in a range of about 0.5 psi and about
6.0 psi; and noving the polishing pad and the copper relative to one
another. 18. The nethod of claim 17, wherein said pressure is in a
range of aboufilteirg theiaguaduabslutry 2to0 regppve Idigsoiwedh dib @0 pagiclass Hhag

copper, comprising;. provi,din n .a slurry. conprising dissolved
NbCR and arT BTN 2AHECUSginy Beffo T HtrTEY Agtedlss dTous ol urry between
t he copper anthtdpeingsthierfiitepat aqueni sluig batpeas e EofiRirviena tpdfishing

polishing pad and the copper, said pressure being in a range of
about 0.5 # and about 6.0 psi; and noving the polishing pad and the

copper rel ati ¥gpilyhgORe pARURebetwlen T PEIdHAtH HadClaRlMnkd; E’ﬁ ¥, €d)d
sai d pressure Igg&l r%}oa rpange of eabo%? O.SHglpsi aﬁ{? at?out 2.80 s?.' 54
pressure being in a range of about 0.5 psi and about 6.0 psi; and

moving the polishing pad and the copper relative to one another.

18. The method of claim 17, wherein said pressure is in a range of about 0.5
psi and about 2.0 psi.

19. A method for polishing copper, comprising:

providing an aqueous slurry comprising dissolved MoQO, and an oxidizing
agent;

introducing the aqueous slurry between the copper and a polishing pad;

applying a pressure between the polishing pad and the copper, said
pressure being in a range of about 0.5 psi and about 6.0 psi; and

moving the polishing pad and the copper relative to one ancther.,

20. The method of claim 19, wherein said pressure is in a range of about 0.5

psi and about 2.0 psi.
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