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CHEM CAL. MECHANI CAL POLI SHI NG COPPER SUBSTRATES ~ 5
BACKGROUND OF THE | NVENTI ON (1) Field of the Invention. 10

Thi s i nvention concerns a chem cal nechanical polishing slurry including a
conpl exi ng agent, at |east one oxidizer, at |east one abrasive, and a film

form ng agent. The chem cal mechanical polishing slurry is useful for
polishing netal layers and thin-filnms TITLE associated with sem conduct or
manuf acturi ng. More particularly this inventi on concerns a cheni cal

mechani cal polishing slurry that-is especially adapted for polishing
mul tiple netal 15 | ayeciEMaCAL MECHANICAUFOLISRENGECOPRER SUBStrReTESayers or fil s

I's conprised of copper or a copper cont ai ni ng al |l oy. (2)
Description of the Art. 20 - Integrated circuits are nmade up of
mllions of active devices forned in or on a silicon - substrate. The

active devices, which are initially |solated from one another, are

i nt erconnected to form furnB ' 715 7 X The devices are
I nt er connect ed t hr ough the use. of mell-knomn nultllevel

i nterconnections. Interconnection structures normal Iy have a first

| ayer of gygaghkgqﬁégﬂmﬂﬁanlnterconnectlon | ayer, a second | evel of 25
metal | i zati on, and sonmetimes a third and subsequent |evel of netallization.

Interlevel di el ectrics such as doped and undoped silicon dioxide
(Siderr]), are..used to electrically isolate jfferent |levels of
net al Folr zation TS TWERRQR, CODGRDE & éhegpc%mechaﬂtpél epeli gcé{“"’é'oﬁﬂ‘éﬁ‘imﬁn%

bet ween didniftegR% EF&&F&QQ&H‘ 8¢ bilfizer G lcas b dBRENVe] BhA Y Hiim'tBfinthB BgBht. The

metal | i zed vi as.
chemical mechanical pohshmg slurry 1s useful for polishing metal layers and thin-films

associated with semiconductor manufacturing. More particularly this invention concerns a
chemical mechanical polishing slurry that is especlally adapted for polishing multiple metal
.15 layers and thm—ﬁlms where one of the layers or films is compnsed of copper or a copper

containing alloy.

(2) Description of the Art.

20 Integrated clrcults are made up of mxlhons of active devxces formed in or on a silicon
* substrate. The active devices, whlch are mlttally 1solated from one “another, are
interconnected to form functional circuits and components. The devices are interconnected
through the use of well-known multilevel interconnections. Interconnection structures
- normally have a first layer of metallization, an interconnection Iayer, a second level of
k= metallization, and sometimes a third and subsequent level of metallization. Interlevel
 dielectrics such as doped and undoped silicon dioxide (SiO5), are used to electrically isolate
the differentl' levels of metallization in a silicon substrate or well. The electrical connections |
between different interconnectidn levels are made through the use of metallized vias.” U.S.
| - Patent No. 4,789,648, which is mcorporated herein by reference, describes a method for
30 preparing multiple metallized layers and metalhzed vias in msulator films. In a similar |

manner metal contacts are used to form electrical connectrons between interconnection



Pat ent No. 4,789, 648, whi ch is incorporated hereirn by reference, describes
a nethod for 30 -preparing nultiple netallized | ayers and #@‘L éMﬁfég Vi as
ctsar

in insul ¥R, In a sinilar manner, metal conta e used to
formel ectrical connections between interconnection ' WO 98/ 26025
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| evel s and devices fornmed in a well. The netal vias and contacts may be
filled with various nmetals and alloys including titanium (Ti),

titani um pibe h&?dé%@go?ﬁ&{]ﬁad Wi ( é&%m&h%@h‘fa‘c ac'tscxﬂgpﬁé fifléd withvarious
al um num siTT con -S1), copper ( , tungsten e\r/l\; and conbi nati ons :
t her eof Thetalsedndl alloys Snchiding titinimh (T titaniuint yiteide (TIN)a tantaliwas(Ta), dlapowmsuch
as titanium. 5 nitride (Ti and/or titanium (Ti) to adhere the_gpet.al _

| ayer t o eappes(&kCu)ilumipnm sifigon (&1-Si), coppsni(bs) fupgwen e 884 FOEbHIRLIORS, o

‘acts as a,di ffusi,on rier to prevent the fille ]
from rgéac ( } The mebcg]rvxas %chﬁggtg &W@%@dﬁ@?k’y %ﬂ%ﬁé‘% uri lf]aucpl)lr %sgié%s@“
met al 1§ ZeghriieAXINY ah@VBF Hdofurd (Ti){ 107 dMere the meiy Iaydd taNke [SIOE bitlstrdP OAk ttheon
foll owed by a chemnical mechanical polish (CWP) step. In a 10 typical -
process, conachdével the adhesiomeldyernactsigh aahiffusions barsier ko prevericthe filled| mespl and
I nterc_onng, tion . lines or to a sem conductor substrate. Next, a thin
adhesi on ‘&}&0‘% titaniumnitride and/or titaniumis generally
formed over thg |, srdacidf J sbdiss BOkhtacts are fORAGL 2
metal filmi shﬁ‘g&rﬁgﬁﬂ éigggﬂggﬁg@gﬁ%?’%%ﬁ%ﬁ%ﬂﬂ%ﬁ and iﬁ%aﬁehe vi a
hol e. by Bdbumkett inetal depasititni folleved by ial chehrcal insechaiical pelishi (TMR) sieph Inhee
bl anket deposjted netal. Finally, 15 t he excess. petal,.js, renpved by.
cheni &l typicRkRTPEess, Yis hplep arsetchedybiough andntgrioel dielepiries(ILD) to tngsrconnebiion ¢ o
manuf act ug | . ' endks Gl o . R A 6DAfim nitri
4,671, 8511,31&33%?8?1(1%?"%4%2{,05}&?%?2{.' .’% 3 feteBlply ey ﬁg‘?ﬁgﬁ topitum nitride
mechani caindpsd fitahiungispgenerlig forned ovdpthe ALP dnd ipldireetdd iimocthe etched via hole.
contact with a rotating, polishing pad. A carrier applies. r_essgﬁe ag%i st -
t he backsThen of mefal flm issbiaaket deposited, pyRy thecadhesion Haysg aaﬁo’é‘é% e Vite Bgd
and tabl eqare.rot.at ed.whisl e.. # i ' o Skt iRl t he
substr at eDg %Skt.fo(?l,&% cgﬁ%%év@tlgkh%%%eggﬁpgd ?&géﬁfelg&g%ﬁﬁﬁé%dﬁ? ) qﬁ:‘%ﬁn’#bnl y
referisd {he exBess mé&hluisrgmovéd By Rhémidall Me¢Hagicplapblidhing N(CVIP) it fiorng mefdl evias.
slurry-initiates t he polishing process by chemcally reacting wiith the
fi 1 m bei nBrosesses fer manvwéacpaings and/igr CMP of odess gre dlisclosed jip abey Bytent, Nos.
rotationa he. ative to the substrate as slurry 25 is
bgTDASTEO Il B 408 44

provided t°0° % . ( ace. Polishing is continued in this manner
until the desi g typical chbﬁxiﬂapﬂiebﬁﬁidanﬁbﬁsﬂir%r\%b&sﬁ,eﬂﬁe\sﬁﬁstrafbis platsd in direct
- conposition is an Inportant factor in the g st ep., Dependi ng on the
choi ce of camtect ovithos rotaingpelishingtpad. ok carsier appliss grassure ageinstrthe backside of the

addi tives, .the palishing slurry can be.tail.or Q pravi effectjve

pol 1 S ngtitsiriel duts B Pashink Fro%ks; thbPaciofionbf 8¢ S0tatel <K okt g
surface | rped ketdintaied af8hk the sitBfate VakloS AAhbAldveHAd cREMRLIN reabiive SURIHERA €,
the polishing slurry nay be used to provide controlled polishing

commonly referred to as a "slurry” is applied to the pad during polishing. The slurry initiates

the polishing process by chemically reacting with the film being polished. The polishing
process is facilitated by the rotational movement of the pad relative to the substrate as shurry
25~ - is provided to the wafer/pad interface. Polishing is continued in this manner until the desired
film on the insulator is removed. The slurry composition is an important factor in the CMP
step. Depending on the choice of the oxidizing agent, the abrasive, and other useful
additives, the polishing slurry can be tailored to 'provide'éﬁ’eétive polishing to metal layers at
desired polisl;ing rates while minimizihg surface imperfections, defects and. corrosion and

30 erosion. Furthermore, the polishing slurry may be used to ﬁrovide controlled polishing
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selectivities to other thin-filmmaterials used in current integrated
circuit technol ogy such as titanium titaniumnitride and the |iKke.
Typical |y CWP polishing slurries contaim¥an abrasive material, such as
silica or al um na, suspended in an oxidizing, aqueous nedi um For
exanple, U-'S. patent No. 5 5,244,523to Yu et al. reports a slurry
cont ai ni. nsplestivitien & other thierfim peatesialsiesed dn gurentriptegrated cipmitaieshnplogyr such as
ammoni um hyds oxi de.t hat .As uiﬁf lﬁk to renove tungsten at predictable rates
with tifapium, Stanuyp PUNdGanq e ikeer | yving i nsulating layer. U.S. Patent

5,209,816 to Yw@wﬁl CMB iﬁh&ﬁﬁ‘% shurries @oftath’ hY BRERE hfdfiaDeiueh! & sificAr d,
hydr ogen per oxi ‘and a soli1d abrasive material In an ~ aqueous nedi um
that is uslefita, fsospepdéd diniangoxitiizingy aquedisSmeBiaentFdr, 8i@g,0ULs paténteNoand

10 Feller discloses a tungsten polishing slurry conpyising approxijmately
0.1M %ot 434423 to Yu ebpl reRort 3 slurmy cantaining alyjing, Iydrogan il and Fiftes

o oGO RAF S kR Bl
di scl oseslitfle sé6val of eienildeflying insalatifig layer. ©lS)Pafeat 8)200,816e6 Yinetcalndiscieses on

with sulfuric, nitric, and acetic acids and deioni zed water. 15 U S
Pat ent Nog slugy3emmsagperchiony acidpbydipgen perexise and; 2 solidogbrpsive sateripl &n an

conposite of netal .and silica.which inclu n, a ' '

abr asi ve ﬁc&'ref"i’sl:ﬁnggluﬁ‘ntﬁatalﬁ uﬁ?@oﬁ?r Rﬁls\gﬁ‘g al]unnnggh?lﬁ § ?aﬁ.ﬂ§,§§¢,§7§?ggi eg god
renoved . RURETdigddses N Rengsted pbBshidgO slurSe chitpfdiiy ApPtdxeiteRND. VI Cpotassium
described in U S Patent : E 527,8223 to.l.\le\ei I I.gea??_al i, IlSJ'hS. Pagent. No.

5, 354, 490ferricyxnide;t approximately SUwveightrpersent silica d3potassiuo acetatedi dgelde aeid. is

U S Patenf, No.,5.,.209, 8 to Yu.et al.., US 20 Patent No. 5,157,876 to
Medel | i n,a‘i‘}.eé.to pufter, éﬂé%@?ﬁ%ﬁ”?os'%del lin, and U.S. Patent ~ No.
4,956, 313 10 Gt Pited No. 4,789,648 to BeVer &t S duAbARUS KRANFOMRNIEIGH Bsihgsed
in the prior art by whi ch mét al sur?acézgcan. ' t)e pol 1 shed Wit h J

sl urri es. aliinmanabrasives in Caxjenction with olfiirkd) eitriosamigacatic lacids and nleiomized water.

e D dedhed IO A AR B PRORE
such a megRan ﬁd‘kiﬁ&i‘@v]ﬁ&ﬁ%lﬁ&és an aquéagf Z@r i ,On%r%ﬁe?gﬁ'ﬁab'i gm?gn which

order to avoid wet etching. A nore pr chani’sm , however,
one wher ecanttols theabteasfadilice remyeal. iQtheropolishing shirsies for msel ih@ MR apyilicationsedrecen
t he nmetal surface and _one_or nore cofponents in th |l ury uch_as a
conpl exi n¥esed m;}ﬁg/ Bategt No. 58:5?7:?%3 toNgYiflg ot aly df.S. Wﬁnﬁﬂ‘?riéﬁ%ﬁé‘ém Lujehyer
Is thenr | o} y <5 ' 11ON. he -
mechani ca?gg%s'?ls) %@gr%%£@2+f%se%p%g%e%’ éﬁ ghll)aﬁ “ﬂgEV@?ﬁ]{d i etfgél%'lsths
on thgo supitemteNaNs| 187876 td Medbllin\¥iS. E‘Ta&ht No. 5/130 544 .to Qviedeliih) ambULS)Patent

chem cal _
' No. 4,956,313 to Cote et al.

- There are vaﬁous mechanisms dist:losed in the prior art by which metai surféces_ can -

).

- be polished with slurries. The metal surface may be polished using a slurry in which a
surface film is not formed in which case the procéss proceeds by mechanical removal of
25 .. metal particles and their dissolution in the slurry. In such a mechanism, the cherixicél
dissolution rate should be slow in order to avoid wet etching. A more preferred mechanism
is, however, one where a thin abradable layer is continuously formed by reaction between the
* metal surface and one or more components in the slurry such as a complexing agent and/or a
film forming 1ayer_. The thin abradable layer is then ré.moved ina cohtrolled manner by
36  mechanical action. Once the mechanical polishing process has stopped a thin passive film

remains on the surface and controls the wet etching process.. Controlling the chemical
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mechani ca‘ﬁgégf%og?n ng process is nmuch easier when a CWP slurry polishes
using this mechani sm Efforts to devel op copper CWP
slurries are disclosed in the literaturg.- The RPI effort (J. M

Steigerwald et al, Electrochenical Potential Measurenents during the
Chem cal - 5 Mechani cal Pol i shing of Copper Thin Filns, Mat. Res. Soc.
Symp.” 33‘fechaical Lb¥dhihg | Srocess isfiaGels asienwhee dJMfslmﬂyrthBthcous)wrtHs
(ammoniumnitrate, chloride, -hydroxide), nitric acid, and al um na
abr asi ve.mechapem. di ssol ution of 2 nmmn (as neasured el ectrochenically)

is assuned to oceed from a fil e. sur Ral t r,
are reported thit%@ to devel PR W@@%Fﬁm aﬁ#ﬁ&ﬂsedﬂﬂ‘em‘@@“%%a?gﬁl’@éﬁw
expl ai ne\%%h \@9 ﬁ&h&)ﬂfcai%tenwapmbneaﬁt dping ther ahémzc&n
debri s |sthen |s§ ved by sol ution. Select|V|tyfactors re
not  gisveechanical Polishin§of \Goppert Thin, Fﬂhe,nMaalRws(Soan Symb. 391, £33 619996)) s

Copper in Acidic Mdia, Proceedi n First .Inter onal
Cheni cal g@@ﬁhmlglmusp@f PWWP‘PB?W\# gpium nitratgy tE] %"v dydroxide), nitric

| nt er conne t ' 0 eéb?zflzu” Cf’hg%olutﬁﬁ\n&faz ﬁﬂfn’ﬂﬂr(ﬁs mgﬁlﬁredzaﬁ chéri':ﬁ&@) 15

di scl osed very aggressive etc

Fe-nitr a‘i@assﬂﬁeét@prdcaed from zCﬁlﬁbﬁ’&ﬁﬁﬁrﬁ&e WiPolishixig fares] however,(dre mepnrteldatncblee)
a slurry stabilizi 8 surfact ant ‘s) y- et hyl ene- : gl ycol ) and al um,na.
The cheniieaixcessaof 400 nw/mippadbat discreraney a8 | explaingd .by dmpastanss given to the

hi.b fel | &%
or ot ot | Jaeucal skch, iy PRl PHACH'S ol il LY EORbn *SEEAY mgeys'
CWP el ecta[-@ﬁ;}%&,al wor K - at Semat ech laboratories is disclosed in R Carpio .

et al, Initial Study On Copper CWP Slurry Chem stries, Thin Solid
Filns, 262 (1@5)Luome al, ChmcdrMedmmMrl ingh&f uGePRer - me/éwlécm%try

inthef .ntal aracteri atlo au e Gkt i on
to se'ver p%f RERERen ?léh/ﬁeglpaﬂb“'@'ﬁ g ﬁ% Ghﬁ or WLSHEMI
oxi di zer Mulafével Interconnéétloﬁ" C@xﬁ'@ﬂéﬂé@ '(CMP-MIC) Chaith G@drbavac Uﬁ‘%ﬁl 22!123Pq(19$6)i ng
of Copper Using A Slurry . Conposed of G ycine and Hydrogen Per oxi de,

Procexsdi rdiscloses-usiag a M rshmyomaludtﬂgeanvcad aggressive \tchrat Kexnitimts, ipHh 1cZMm)

Ear bar a, ceabinabon i g inioe IRASEinARE, & Rk Faplebi MR (eorR 5

(1996) mcoﬁ%%oaﬂm Ofe acheﬂﬁ&wfe%cﬁﬁn @l y@af&ﬂ %ﬂﬁemaﬁb%r forndfoR dd a

silica, or without 30 benzotriazole, for the CMP process of Cu with a
| ow cor r asrsion dhkibiting fited enmelyeﬂu-rBTA];hmth surfactaritcunseunigingi Es:pm;ectlvthSGVP

- slurries incaqrporati, a.chem [ t, such as benzotri azol e
Se ecgwri)y to oxi egxs given as l%al %e P

20 CMP electrochemical work at Sematech laboratories is disclosed in R. _Carpio. et al,
Initial Study On Copper CMP Slurry Chémistﬁes,. Thin Solid Films, 262 (1995). The
reference explores ‘the use of elebtroche_nﬁstry in the fundamer_xtal' charactgrizaﬁon of
plausible slurries. In addition to several others, potassium permanganate is used as a slurry
oxidizer. '

25 - H. Hirabayashi et al, Chemical Mechamcal Polishing of Copper Usmg A Slurry
Composed of Glycine and Hydrogen Peroxide, Proceedings - First International Chemical- -
Mechanical Polish (CMP) for VLSI/LSI Multilevel Interconnection Conferénce (CMP-MIC),
Santa Barbara, Feb. 22-23, (1996), and Japanese Kokai Patent Application No. 8 (1996)
83780 -disclos:e a mixture of" glycine, hydrogen peroxide and silica, with or without

30  benzotriazole, for the CMP process of Cu with a low corrosion rate and defect level. The

references disclose that CMP slurries incorporafing-a chemical agent, such as benzotriazole
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and n-benzoyl - n- phenyl hydr oxyl am ne form a prot ective filmon copper. The
removal. rate ‘varies, depending on the concentration of slurry
conponents.. An optim zed rate of 120 -S5-nmmn was reported, with Ti N
rate of 30 nmimn and dishing of 200 nm across the 15 [err]m w de
structures. 5 Several relevant Cu chenistries have been di scussed
in the opmd f-beéreogkn-pbenyltydhoxylaming firhi agrotectiiel filmeon aomemce'ﬁw reimoyhl rate
successful |l y addregses aII of the keyfr ui renent s of

cheni cal - YABEH: E ng om; |°t‘i’§°?¥t‘ii‘i“99 0 Formppngnts. elﬁi’vﬁPt“P&F@ e ol
than 200 erdaW?th *ﬁx&fté yf 3y nﬁﬂnﬁ%ﬁ' dléﬂ.ﬂ%?ﬁZﬁ laﬁ ftfrci?lLSél

to dielectric OXI éepqrt and overa ect

Despite tmedﬁﬁcmﬁdsjllty of using a-filmformng rrechanlsmln a Cw process -

there. remains problens with forrmulating CMP slurries that can control

the tHi ckness sﬁvemereleawr%fchennstm hayef brenedisassegdein ﬂ&somnobteé%reeﬁgeh. ng
t hat the

br ad h bI |
lurry ¢ HEE ISP b RrERh ANy ooty FeArREFer o of thr R ERbsheldt ff
- resul ts. cHakfoal-theBRfskal Qﬂﬁ’dhﬂ% sfllﬂ*iy 3{1&@%@ fletl Fomdvalratk of e théh 200 'ﬂﬁ’rﬂi‘nng a

renovabl e thin 15  abradabl € | ayer on a substrate surface and nore

~particul alatqseamtwiltbetcs met@dlgemfofzfic@plpmlw toodielectric. axiret layeri ofg>3usnst owdl A
desi r eabl r exhibit good thin filmpolishing

sel ect w‘qu?ﬁdﬁm'h |<|)‘iﬂaxtaneousl y give polished substrates wt h m ni mal

. dishipg and | Oi%spxte thél QE&&bilYy by usm%%oﬁlm formm mechanism in 3 CMP processHIM\RY |

resent ention Is |rect dto a .
chem cal remains pratdé¢mpwith fdsmmzjatnigL(EW shirsies that cdnl aontrol the tthickmeiss efitheddyat of

chorm cal SECRERGE & V5l R HHIGHS FUHADE Fiss the Flnformedisabepdahf | Chrongromems
sel ecti vidy P%Uh! i £EUP! Elh Ghd¥ Qﬂul‘ﬁ‘@l rﬁPde?&b@ﬂoWbblﬂhﬁg%te%%o%i Oofi SHifd

and copper a ont ining neta nor e,

t hi s i nvemetiltsn Thus,da heed methalims forbCMP shary that [sCcapalsle 0@ fermideairémbvable thin
mechani cal, pol jshing sl urrel/‘#Fo polish netal | ayers and particularly copper

or colfperabgidabl layer oniby ripceandsmose pagt brg%ﬂ@cfuefa%teﬁ 3 copyigr alloy
This i “Ve&%ag@ O%Ssuﬂét?&ea ‘Ah%'é%&e%le “An@.ﬂé Wl Lo o%d“h{ﬁ{ ﬁlﬂftpohglﬁﬁé’desl

urea en peroxi de as ctlve OXI ZIng a
selectivities and simultaneously give pohshed substrates. with minimal dishing and low

defectivity.
20 SUMMARY OF THE INVENTION

The present invention is directed to a chemical mechanical polishing slurry that is able
to polish metal containing substrates at acceptable rates. |
In addition, the chemical mechanical pohshmg slurry has a low insulator pohshmg
25 .. selectmty while exhibiting high polishing selectivities towards copper and copper alloy
containing metal layers. | | |
_ Furthermore, this invention is directed to methods for using a Isingle chemical
3 méchanical polishing slurry to polish metal layers and particularly copper or copper alloy
containing layers in an mtegrated circuit.
30 This invention is also a chemical mechamcal polishing slurry that mcludes urea

hydrogen peroxide as a stable effective oxidizing agent.
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In one eMYRMINMR th| s invention is a chem cal mechani caI p(’)‘l’s” ?2%
slurry. The CWP slurry includes an abrasive, an oxidizer, a conplexing

agent, and a filmform ng agent. Lg.one preferred embodi rrent the CWP
slurry includes fromabout 1.0 to about 15.0 wei ght per cent of an

al umi na abrasive, fromabout 0.3 to about 12.0 wei ght percent hydrogen 5

peroxi de,. frogy %ﬁg%b%dﬁﬁ;érﬁ MHOMertidh 195 SkimibA HENanBATPUtshify Rl Ther

tartaric acid, rom. about 0.01 to about 0.2 weight ercent
benzot ri agP el urrylincladest aneabrysive au pridizer, a compiedigragent,tand acilm

'1205“3,?5@;92@;%;&%3%@&95 r e MP Rpogloes 4% ahpib) ﬁﬁﬁ%hmwm% or
tartaric acld Apd, Lo A0RM: Ghot G0aRONS & Zhth P8BSR Jebah dyifien OF

slurry 1 I onl zed water as

anot her gehaslie Rt abolit ©.51t0 Wbt 300 welghtpéreéh aehniitiur ekhlatel organaric drid, rand e
i ncl udi ng at' | east one netal | ayer. The nethod begins by mxin from

about 1. Gromo adobumo QB no Abouth0.2 welgl}sep@remt benzgtriazpleasi e anpthsm

to about 1 ent 0 d| ze f ea
hydr ogen B@P@W&t "H&ufn B‘dﬁsll ég’@ %I/gﬁlf' bengar%refs?vé'ﬁ%ﬁ Qll(g'ﬁ
‘least ongq c?%pizaef 'vﬁg%aGﬂéH hydrbgén ﬁ&ﬁﬁae Oﬁ'Qﬂa 6.9 181300 wtOhlanidbainin eeilaent of
at | east one fil form ng agent, and dei oni zed wat er t;u?I ve a

cheni cal talmmammdadndpﬁbmshbmlg G0 Litoyaboneft2 wih benzotriaasis. c oAl MR ST
poI [ Shl n ry i.s appli.ed to the subhstrate. -Finally, at |east.a portion

| %ﬂz’ a'é‘l g‘lr)d?‘gmi‘eéf?ﬂ@t@ﬂaﬁ‘?’%imthe substrate by bringing a pad

i “t 0 contact %taﬂotthgle?mbodlméﬁxtbﬁﬁg mventRRds ARVheH frpolidiing B stilsiirdid inblulliagt he

substrat e. anot her enbodi nent, this invention is a
slurry praetaastsmre metaplayexi rheumethod beginsibyimating: &amtabon’elﬁﬁbaﬂbowlijé weight

?ﬁ@%?w&%n%%?%%% e e Abep 201 WeleBl R oo SRS Hout

5 3.0 t t of at
S &Qf@t@{"?ﬁ%@wy b gerélBe, Trdth 2b ot 057 Yo ghout Sovcignt pefoem of
pol arisz atléasnonsiconsplexing sgent,dram aboytied] tenaboat 012 weIght percent ofiatleastopefilm

25" O oming s amieR s A pemioh oo ok B St s
i ter abraaisltpkaRni poRRRE oy’ %9@%5?%&% et Y, 1 AT

the. metal layer is removed from the substrate by bnngmg a pad into contact with the

substrate and moving the pad i in relation to the substrate.

20 In still another embodiment, this mventxon is a CMP slurry precursor compnsmg urea
and at least one metal oxide abrasive. The CMP sh_n'ry precursor is combined with hydrogen
peroxide in a mole ratio of urea to hydrogen peroxide of from about 0.75 1 to about 2:1

prior to use to give'a CMP slurry. -
25~ - DESCRIPTION OF THE FIGURES

Figure 1 shows potentiodynamic polarization curves measured on copper in solutions
containing 4 weight % of ammonium persulfate and either 1 weight % glycine (curves 1 & 2).
or 1 weight % ammonium oxalate (curves 3 & 4). Each set of curves was measured during -

30 ~ copper surface abrasion (curves 1 & 3), and again after abrasion had ceased (curves 2 & 4).
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Figure 2 éﬁ?%zz ?)ot ent i odynam c poI ari zation curves on coppe PC’E/trJ]s97I%%2§5
Herr]Qerr] wt % oxi di zer solution (curve 1 after abrasion);
electrolyte with the sane oxidizer and 17wt % . gl ycine (curve 2, after
abrasion); and in the same oxidizer with 1 wt % amoni um oxal at e

(curve 3, also after abrasion). 5 - Figure 3 shows the

reproduci bi | i t Fighfe 2 RBBow® pbefitiodynanid polamation curves ,onmdppemumgl?/aﬂgoz wt Yoand
wi thin wafer non-uniformt for copper using a CVWP slurry of th o
‘i nvent i onoxidiagr safutinp (curve b afiersabrasien)yin dgptecgytagmﬂethels@m Qudizgr and 1 wt %

EE,S:OH S\I,ete él&hge i@gﬁ%"ﬁ Y r%éqn:j% artﬁj a%f sar%e%xdﬂxﬁterox/fmh 1 wtb‘%nfxgxtn %@lﬁ% O\I.. -

OF THE NF“I% n) - The present invention relates to a.
chem cal haﬁl cal polishindg slurry that conprises an abrasive, at
| east ®ne oxi dFigare 3 ahawsrmlllaempr@ﬂlmg:dlty of rthle. polishing) ﬂmma@wgentpohm% rate

h I h I I I fu | L shi net al
cspec al | PABBB A PO TOcr SPpISS UEBR AP oL oa FYeion S08REFSE o
ML 2 SUBDLIE Y AREAEE BV TGt Bo 3R, 15 wh A difuBiiubd bRALR! 604 wt %

circuits, thin 113 I'pl e Tevel onductors,

Bef or e desa-rzbﬁiaﬁaeté}ﬁlWW&M@@&&(MTOB@EF—QG)Nred enbodi nents of this
I nvention, some of the ternms that are used herein will be defined. The
.chem cal rrechanl cal polishing slurry, ("CWw" slurry"), is a useful

pr odu of this inve aps frgh i abrasive, a
conpl ié(l ng agent, ;Bri?f?l : gwwiw%gr edients. The
CWP slurry is useful for polishing a multiple level netallization which may
I ncl ude but are not limted to sem -conductor thin-films, integrated

circuit thin-f Thepresentdnveption relates tros chentipal mechanicah aohthrtgapéw that cemprigss

f d .
D Poyer P s At death Gn datiigers &, Eothplodhs ebR R ol R POkl aests n g,
of one of cidlitdi xhébhhﬁieaﬂﬁbhsﬁihg Sty id H&fﬁlefo?&)ohélﬁﬁg'%ﬂytes@é@ldﬁpboﬂpemahéd

to substrates conprising |ayers of pure copper, opper al um num
al | oy3s acapper alfoycoutainang) metel TayerCassoglated- Waber suhsb‘s@r ested from the group

The CWP sl u of this. i.nvent ncl u | east oxi di z The
oxi di zer Qpﬁgﬁgﬂntegrateq)%{qﬂ £S5 "hﬁ‘rﬁlﬂ’é %Qferlﬁ‘feé s‘?’?’é‘f’%‘?‘ﬁ’l"’ g ﬁ?ﬁer sto -
their corr espOB@fdwd Stibfhg ﬁx%&m OF theP¥ario o preferred. exﬁl%dﬁéﬂgmf@lus iinfvehtiéh,

‘present invention, e oxidizer be used fo oxidize a netal layer to its
30 corr espoedf tl'g temnsjmamarmystddlerdn wﬂibg defined. aThe chemicali mechianicabpolishing
e e CERRE S, 18 Ay PPORGE of i BRBon2haf Somphees iR R

20  abrasive, a complexing agent, a film forming agent, and other optional ingredients. The

CMP SIurry is useful for polishing a multiple level metallization which may include but are
not limited to semi-conductor thin-films, integrated circuit thin-films, and for any other films
and surfaces where CMP processes are useful. The terms “copper” and “copper containing
-alloys” are used interchangeably herein as it is within the understanding of one of skill in the
25 - art that the terms include but are not limited to substrates comprising 'layers of pure copper,
copper aluminum alloys, and Ti/T iN/Cu and Ta/TaN/Cu multi-layer substrates.
‘The CMP slurry of this invention includes at least one oxidizer. The oxidizer aids in
oxidizing the substrate metal layer or layers to their corresponding oxide, hydroxide, or ions.
For example, m the present invention, the oxidizer may be used to oxidize a metal layer to its
30  corresponding oxide or hyd_roXide, e.g., titanium to titanium oxide, tungsten to tungsten

oxide, copper to copper oxide, and alumimim to aluminum oxide. The oxidizing agent is.
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useful wWYR 982898} porated into a CVWP sl.urry to polish nmetal's andg me%sal based

L PCT/O
conponent s including titanium titaniumnitride, tantalum copper,
tungsten, alum num and al um num - akl.oys such as al um nunm copper
all oys, and various m xtures and -conbi nati ons thereof by mechani cal | y
polishing the netals to renove the respective oxide |layer. 5 The

1 T o i O W5, i ot

conpound upo I-on, ! radi cal s. Such oxidizers
exhi bi t gRAsHing titarieth,] Gfaniten aitids; tfantaluyn, t eopper sungstan, ahminuey ahd absmiaumi ng
substrate |ayers and particul arl t owar ds, copper . al I%1 I.axe S eof by
Non- exc| wdlpysesushzaspalumingm/eappar a'XﬁMSdmd NarIQUS EFGHES apd, gombinatio %fh?Ff” y
reduction, formahydr.oxyl .radi | La.anld, urea-hydrogen -
per oxi de,m?f;*%‘a%@ypéi‘g’ﬁ%%edgéf&gk@fﬁﬁeﬁgﬁﬁgé??‘gg%%@?zﬁﬁgm xtures thereof,
wi th. Bydrogen iRl gxidéer aRed Unche CMP kg0 of thisemoxitidn baiynbe peletiedr fom
oxi di zers. The oxidizer may be present in the chem cal ... mechgpj cal

rs

pol i shi ngosipaunds wwhichn upem meductiom gfosm-bydsernyd radiealn. Such cxisizars sshidit gaognt
i s 1 nvaintig Bpectinty ol et i goral Ponsfpde Bt s PE sitioeluetil ©
wei ght  pereents &BQ(;% 1Ryt e Na- sk chisd exaiples bF metaOotigizigotsmpoinds ek, ght

percent. preferred oxidizer iS urea hydrogen peroxide.
Because uipon rbjuttioneformérydrixybraidivals includpesacetic sicidy dreadwrrqaen perarides weeass. 5

b 1 148 covige, a0 idcpaenaerotds and Mixpies retpofovisk VBESE teRorads it ol
oxi di zer o ggo%eﬂ g:)??(ﬁ{]dé S’éi% pRRRY&Y oﬁﬁirzedl‘??(am Sxidider’ RBPBe Prestntlin! the bRerical

wei ght pe zer ~corresponds to a urea hydrogen peroxide weight
three ti nagschasicdll polishing Shiroynisd 20 dmowif. fnging fromeiabbtt PSr trembout 30.0 weight A

CMP slurry conprising urea hydrogen peroxi de can formul.at.ed by.a nunber
of rieereeotis It is or @mcbﬂ%ﬁ’ﬁiqw fgerus E’éPsﬁ‘gr‘Bi‘i“’dQR& AT s “&’ﬁﬁ‘%_‘n an

conbi ni ng _ure i ] al ( 1t ' aol e
Fati o areouaF e HohRGH 0 ro atfth 17 o \Feiphh RAAOURAHD AL ol BoliE
per oxjsde pHiélaB&iIt-12.0 weight percent.The CMP sl urry of this invention also '
includes a filmformng agent. The film . formng ageﬂt rna%/ be aa%.
conpound or i Atpieferred pxidizen ifrea hydregem peroxisga Hesayse urea hydrggen pergRifdqss ¢ e

o A kN e S s g B 70

surface |gaesgenspefkidé MRS Berftluded r CVPrdlurvies ofthi¥inventioh tb lachievdbtiter desieed
surface. seful filmformng agents are ggcl I ¢ _conmpqQunds such gs
i m dazol egxidizerdoadingsesiforth phovei diog sxanple.mungen’ b fie 42 8 weightpercent oxidizer

: ggfg%g? / %gonds to a urea hydrogen peroxide weight three times as great or from 3.0 to 36.0

weight percent.

ACMP slurry comprising urea h'ydrogen' pe’roiide can be formulated by a number of
methods inclxxfiﬁg combining urea peroxide with water, and by combining urea and hydrogen
peroxide in an aque(ji;s solution in a mole ratio range of from about 0.75:1 to about 2:1 to

25 * give a urea hydrogen peroxide oxidizer. - ' '
The CMP slurry of this invention also includes a film forming agent. The film
forming agent may be any compound or mixtures of com'pounds' that are capable of
facilitating the formation of a passivation layer of metal oxides and dissolution inhibiting
layers on tht; surface of the metal layér. Passivation of the substrate surface layer is
30 important to prevent wet etching of the substrate surface. Useful film forming agents are

cyclic compdunds such as imidazole, benzotriazole, benzimidaiole and benzothiazole and



-9- their derivatives with hydroxy, am no,-imno, carboxy, mnercapto,
ni tro ancywe dgpkosubstit ut ed groups, as well as urea, torusowze8nd
others. A preferred filmform ng agent is benzotriazole - ("BTA"). The
filmform ng agent should be present in the chem cal nechanical polishing
slurry of- this invention in an anmount 1kt s capabl e of pronoting qui ck,
and preferably 5 al nost instantaneous formation of passivating |ayers
and dissolution inhibiting |ayers on the substrate surface. The fjlm

form ng dheindervativeswish hyfesanaming, imiao.coaebaxy, meycapto, titre and alkyl sybstinted,

in an anount rangi fr | ' i t . 1 |-

per cent . SOUPS, 2§ %eﬁ'g.s Bfegpgﬁ &ggg ?rgda&%F % n'%g F{)erf%ﬁ]dgﬂgjgfgwngga %p%teég%'t‘%{%%ee
CVP s ur ryBiTA™RN TAEGHA forRig dp@nf KTl be presdROi the. dhémical aleehidnichl Poliehight
percent. 10 o Once a passivation'layer has formed on the substrate

sur f ace’ islurbeobtiis inveption amtantanount thatbis capable tof priomwoting quirk, pad spreferabin
| ayer .in order, to abrade netal i des fromthe bstrate ,.... surface wth
the alfr adiest dRFiARARHS Spraon aimasating lners s sl iphibiting Jayers, 08 Thy
compoundyubitie Isirtb? " thel flnffotitieD bihe |sHEuIAES pHAEMCR 1RYEMPASHing 0PI N
agents. Usetul - conpl exi ng agents include but are not imted to acids
such as dhvention il acamounttranging from ahont D10 oveidli percentto shoud il weighthperotdter

acids, as well as_am ?rg cid and am no qufEric acids_.and their salts.
A pref err%&%@@ﬁ?@ﬂf%% ggmmsggwmm Bihe GMP shupryim ap ameuntdangipg from

conpl exi ' | cid. The conpl exi ng agents

serve at 82%?‘%\%%%“&%%@5&@%@?@ in the CWP slurry of this

i nvengoi on.  Th@nePdssivatich Rgeartas dorsiedrdnsthe bebshratssurfke itrbecamey inshortangtd he

mechani cal 20 abrasion step wi thout destraying the layer or inhibiting its

f or mat i orPechble tRydistusb the nassiation dayer in ordgp 40 abiade imgtalyOxddesdrom the substafern

step is ¢ e e bleXi t b S s I eyed rm
~a conpl efa&%%%%emgxﬁ%%%m&-%eﬁggg tﬁ%FE'ﬁlgﬂlS&dg#: ﬁﬁh’ﬁ' eﬂﬁ%{i S'Iy eegllé?ﬁse{)f’;l

thereby |doffipolufids thaeisaseful iPfistutsing Xihe ipaQivatial Sdyer ARCcoMPIBNIRX hfdht OBRREfu | |
be present in the _CWP slurry of this invention in an anount ranging
f r om abowomplexingageptsunclad@buteirg ot lpmited torastdsrsuckn asicifrics fagtiglatariey suaciaigpunt
ranging from about 0O, 5.to0 about 3,0 wei.ght .percent. o O her. wel |
knourt>pol4°8HS: Al B Gthetiarits #s velleas g A At AminesyHRig acids apA SRR St
mechani cad pR@édradédtfplexits byerfis Mindniuby SPdtON AnbifRr $}e¥é§ed3$orﬂﬂ%akiﬂ§' 8kent is
additives are inorganic - ‘acids and/or salts thereof which nay bé added
~to the pdhitaidamd.sl urry to further inprove or enhance the polishing

rate of the bagrier layers in the er, such titanium t ant al . 30
Uerul i nox gactie Glmpietoe Seeris bettie SCleRit R seaey Sicinna i be GMBSHTS A T o
~acid, HF g ' 6 ' ot : .
oeT] Usg7/ 53 élggn_. The gompleﬁﬁ@ %ﬁé& Eﬁgﬁx_'bs the passivation layer during the r_mlec(:)}!amca]

20 - .abrasion step without destroying the la,yef or ir_lhibiting its formation during the abrasion step

and especially - after the abrasion step is complete. Secondly, the complexing agent is

believed to form a complex with the oxidized metal and not the underlying unoxidized metal
thereby limiting the depth of the oxidized layer. The complexing agent will be present in the |

CMP slurry of this invention in an amount ranging from about 0.5 to about 5.0 weight

25 . present and preferably in an amount ranging from about 0. l5 to about 3.0 weight percent.

Other well haoWn-polistﬁng slurry additives may be incorporated into the chemical

. mech_anical- polishing slurry 6f this invention. One class of optional a&ditives are inorganic

acids and/or salts thereof which may be added to the polishing élurry to further iniprove'or_
 enhance the pblishing r-a’_cg of the barriér léyers in the wafer, .snch as titanium and tantalum.

30 Useful inorganic .additives inélude sulfuric acid, phosphoric acid, nitric acid, HF acid,



ammoni um fl uoride, ammonium salts, potassiumsalts, sodiumsalts or other
cationic salts.of - = - sulfates, phosphat es .and fluorides BTA, .
or other VP ﬁ{zf(gﬁm ng agents in the CWP sl urry of this i nvlé(rzl /Us971222!§/5
destabilize the uni form di spersion of abrasive in the slurry. In order
to pronote stabilization of a G 5 _ghurry of this invention against
settling, flocculation, and deconposition, a variety of optional CwP
slurry additives, such as surfactants, stabil.i'zers, or dispersing agents,
can be usgd nohlixrrf"ﬁluonde Moﬁﬁﬁf?gglts s&l& %&ﬁu%@& thitp cdtidfid dafts BBY
be an ani oni cationit, noni-onic, eric su actant or a

conbi nat i gyifaeds, pmpmtggmrdeﬂmﬂéact ant s can be enpl oyed. - "Furthernore,

it .has been found that the addition of a surfactant may be .useful  to, lLeduce
the 10  wi t hi BTWapeethesfilny formingegentsimtherClyPoturyef thisfigyegtion may

P Gener ot it dbfEe, o rasive jn W ferdl i S . PR ?fég@%ayt%fe OBy i
t he preseghrry of thid MveRtidnUEambOssetttin Eﬂo‘éuﬁlﬁﬂx&i, aﬂa dbcdnifoitionca Ohretg bf wptional

stabi li zatlon of the-slurry and w typically vary depending .on_the
par ti cul aEMRuslaay additivese Bmht ascsuet‘n@tanmatamnzmr& ooidispensing agents,ccanfberused.nif |
. oxi de braS| ve, , For enougtg of a.select.ed surf.actant is

ot
Loed, Tt SrctaRE s B9ded fo e CRteSaiugry, (66 AEHaEE ez Biciie Faps: PPUREEOR o
‘the other inhﬁ?kgené Qﬁrfﬁﬂiﬁth §1uraf @tﬁﬁlﬁﬂiﬁdn” of riﬁ'vo(:%:more suffhthitY EHRY bé Eb?ﬂﬂléyeﬂ”

undesi rab am ng and/or flocculation in slurry. As a resul
‘st abi I'i zeFertlsarmbren st Issbieer found thatrthe hdditjem of alsm;fadtmtpnasm“eﬁd to hedu;:leuhe y

of this inyention in an, r ing. fr out 0.001%t o .aboyt 2%
by wel§ht Wi @p@-&ﬁﬁmﬁyﬂ&%ﬁ{) of e whfsss, thesep BRRTOYing the Sy ﬁg&%nt

Fur t-her no added directly to the , slurry or ' r
treated. oﬁvtg%rt&ﬁ‘g sugi;ngce of t c%erret al oxi-de abrasive utilizing known

“techni ques. | nin generat thb emountsaf additiee sueh usta sn'i-faaﬂﬁh thatvray ise vt s thecpresent
.achieve the desired concentration_in.the i shing slurry

f
Sur{ aot aniPyeRion SauIdRSuEIen 1 petiesearinn sebibation af i sy i wil Spieay

aser ul - sul ek e A pRARERAL MR pelPlt e OO et ERel

Car bi gle, exide MEWNOE{)ﬁéxa}npiﬁ;l i @houghlof a seledwi s%rfacﬁnod wsed; mwm Eheritdal s.
The CWP sl urry of. this invention includes an abrasive. The abrasjve is

t ypi cal | yomno effect pp{GYIP sharyestabiization.e Ontheothex handgteoqeuchsuriastaat indhe GMP

ot o a, S A r0148 SRRHAI Foaming sBUE AL B LSO 0 remit
i nvent i Onstﬁlixﬁidi‘ﬁ althyasi sDEfheta®s sﬁdﬂ@‘g@i&ﬂly Ve prelent abietsluky. &tﬂ%llﬂwl’ﬁnnbﬁ e @it

or nore of an : WD 98/ 2602
PCT/ US9 7 | @#pows ranging from about 0.001% to about 0.2% by werght and preferably. from about

b f. d, th
" oventl on0RL e bt barisht b Hitiirngte She, 1 Ty b i it Yo the
abr asi ve. slurry or treated onﬂ‘ﬁlerﬁﬁiﬁée %&g%éarcﬁédev&rm MZEQQQH%QthM In
techni ques khown to those skill

either case, the amount of addltlve is adjusted to achieve the desired concentration in the

pollshm_g slurry. Preferred surfactants include dodecyl sulfate sodium salt, sodium lauryl

sulfate, dodecyl sulfate ammonium salt, and mixtures thereof Examples of useful surfactants

25" include TRITON® DF-16 manufactured by Umon Carbide, and SURFYNOL® manufactured
' by Air Products and Chemicals. ' '

The CMP slurry of this invention includes an abrasivé. The abrasive is typically a

metal oxide a:braéive; “The metal oxide abrasive' may be selected from the group including

“alumina, titania, zircbnia, germania, silica, ceria and mixtures thereof The CMP slurry of

30  this invention preferably includes from about 1.0 to about 15.0 weight percent or more of an
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‘in the art. Metal oxide abrasives can be produced using any high _
t enper at wye.98r6028sS such 5 as sol -gel, hydrothernmal or, pgirassm2y8Hcess,
or ‘by processes for manufacturing fumed or = =~ precipitated nmetal oxides.
Preferabty, the nmetal oxide is a funed or precipitated abrasive and,
nore preferably it is a fumed abrasive-dlich as funed silica or funed

al um na. For exanpl e, the production of funed netal oxides is a

wel | - known process which involves the hydr ol ysi s of sui_tabl eJ&e dst ock
vapor (siebrasixe. dt ismnorerpreferied; hrvever, that the GNP sluzy, ofhis dyvention ncludgs fogye

of hydrogen and ox n. ~Mlten particles of roughly spherical shapes are
formed i rP%OUtg'gttﬂ@g@g:bo%%f@ﬁp Fgl&teab >the diareters of which are varied
through procesp,dRAe@MBLRE Sbrasive majRtodftlel B anp hesharues kidwitd those skilled | ar
oxide, typically referred to as pfimary particles, fuse with one

anot her iy theraer QMietaljoxidé hbrasivesscaatbet produced arsingcanyugin temprepatiigr probesasueled,

three . dinensiqnal chain-like aggregates. The fopce necessary.to preak

aggr edat €2 5@‘861(’)5%’8 _or,lxgas.%p ‘}%ﬁssc(%ﬁﬁyn@“&?ﬁe% _rl@ﬁ%ﬁm’ﬁ;g‘mﬂpm :

aggr egat g@e&iﬁ*?iﬁ&g il bl Cﬂei’ér?dé? "th Mol B dE ?ss%lﬁgméd1 or precipitatéd abrasive
aRt gl oner at es. $

mechani c [ are thought to

-~
~

angl enent > form a Aggl onerate
~ be - | 9ds edore petfirablyoietih ar fumed vabrasiier sudh ads fufned csilicaaordfimesd demirey eFerd,
i .e., de-aggl onerat ed, proper dispersiqn in a suitable nedia.

X |
Pr eci pi t s8%ampln %pr@ésdiﬁ%wﬁa@m?émﬂ&meéds Byvellbkrosmn prassss which invelves thech

by 20 | ag i . ' L cles f o wnd
Che Tt | JRARETA] B iR fredstock Saud iRl i RGP B BRMS WA "
The pgay tighgfie of Bydrbgdnedndch : BIbltel pafidles o roughly Syt sBapes arformed Gies

of other reaction products by conventional techniques known to t hose
ski | | ed ithetdembystion process, the diametersegfowhish aretvaried thramghi process\Rarameterst ace

el Ler - ST B PR o ARaity Ok umii. 408 aigtlh g8 isorss bl gt |-

cormonl y £,6d Gith ®fle hitother (3Ridef gt Allifiora Bt fkftonPackb8ints toFokrR blaeked, #F8e M
[err]/g and preferably fromabout 30nferr]/g to about 170 n{err]/‘ge.
¥ ed

Due to stdimegsional pbain-dilke nggregatesreThe fore nénessary to bieak aggregatgs isheonsiderab

nmet al _ oxi de.shoul d be of hi gh, purity. H gh purjty neans that the .

Tot a1 19~ HAvride Shelinecne calbtne b shireites, uhderp utior Faltapon High 40 Tesult iy
trace pr ' ) IS nd I 2 epabl

| et hanpe Hbheiital CAARERIRANS foin? Jp¥BLiERGY  /SSodiifhs # ARGuBVoEED! Y

PCT/ US97/1dag&$pheld together by van der Waals forces and can be reversed, i.e., de-agglomerated; by

The. met al oxi de abr.asjve useful in the dispersion of this invention may
consij st dfmpe“ﬁ...ﬂ?é?‘%ﬂ'%é‘ﬁéﬁéﬁd?gates or individual single sphere

particles. Th ’ ' p | b Ses : 0l

aggr egat es of epn%rg@ﬁ%%eg%%dﬁgegﬁ%éyh%?? #@ e ]?’nam%‘%ﬁéﬁagltée pa té sl E?cehgﬁ’slﬂy
It i s20or edcagnlation bfthetdesireteparticlexfrom alagasouscmedinaivmtier the mfhiente okhigh salt
particles having a 5_ size distribution |ess, than about 1.0 m cron, a
mean . par t fncentEations agidy ef other goagwlants. 0The particles; are Jfitessry washed.dried and

suf fici enfe | 0:deRGH ARLEY 6F SHEF rbitfiok Polfis YHUohviIoRES telfifitli& known to
| _ those skilled in the art. - S
o A preferred metal oxide will have a surface area, as calculated from the method of S. _
25.. ‘Brunauer, P.H. Emmet, and L Teller, J. Am. Chemical Society, Volume 60, Page 309 (1938) -
and commonly referred to as BET, ranging from . about 5 m_zlg to ab_dut 430 m ¥g and

p

- preferably from about 30m”/g to about 170 m*/g. Due to stringent purity requirements in the
IC industry the preferred metal oxide should be of a high purity. High purity means that the
“total impurityi content, from sources such as raw material impurities and trace processing

30 . contaminants, is typically less than 1% and preferably less than 0.01% (i.e., 100 ppm).



abrasi ve aggregates thensel ves. Such het al oxi de abrasive has ‘been found to
be effective in = . m ni.m zing or avoiding scratchi binab@y KS,
di vots antOMBRESsurface i nper f ecti ons during - pol i shi_gg.r e particle
size distribution in the present invention may be determ ned utilizing 10
known t echni ques such as transm ssion eljgctron mcroscopy (TEM. The nean
particle dianeter refers to the average .equival ent spheri-cal dianeter
when using TEM image anal ysis, ~i.e., based on the cross-sectional area
of the particlgpe @ét‘:ﬂ Uide AbtadiRAGlefbINRALthe | didpefsidnéf this investidrfily ohsist ofl
or the hydration torce of the nmetal oxide particles nust be sufficient to
repel -  metahokide aggregates oraindividualesingle spherexparticles. | The teom Epartislel a6 dris pprd
‘particles. 15 |.n anot her preferred enbodi nent, t net al | de

abr asi ve heagin gefesite ot aggregates;of more than; %&ip&‘m{bé?mﬁ@? &FE §&f*ﬂ%‘%&3ﬁe | es
having a prir [l BatthtREg! Dsiéhs BF flefi oxide paftiddeyiakingnd a
surface arean?%%sgﬁlﬁg e?otﬁ%tgtggut (?Xkrfzi}%ﬁs?g%ogmégggt e258 rr[eprr]/g_. 2

Pr ef ersabl ¢7ze dibgiburibn lese thateatiut As0 wecion, & meanppurticle didnmdter lese thaguabouts 0.4
medi um of the FO“ shing slurry as _a concentrated a%gggs di spersi on of
met al oxiwisEon ewdner fosee quificisnh i serel 2pd overgoms BisoYAR dego | fogees betyyeen
preferabl y between 10% - 20% | ds. ; e (i Lp-0E 1

met al oxi %’é@sl%%ggﬁgag‘?’%ﬁ%gseeﬁg ét?’ﬁ%i“%ga] 8%‘?\2/& |g%§?s ?eeegkfﬁ%%{e}gtﬁéés%%h a'lsn

sloWy  minifiBiie 6 4VoRding bérhtchaIpit s idivdtd endiothapsurtiee iimperfentions dudingy
exanpl e, deionizZed water, to ~ ~ forma collojdal_ dispersion. The _ .

di sper si opelishingy Fiheiartjcle sirpistribytiog ins thej Rsesentigventiongnay bgdetermined, ugilizing
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12. 0, prefey bired dretheceross-sestiond area 4f Ohe parsiclsut Bg forcgrig meant that either the
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conpl Bxi ng ageht andtkerGvefemed embodiment, the unetsl miidd abrggive wialy yconsisteofadipretof
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%T?ggggygggggml metal oxide particles having a primary particle diameter less than 0.4 micron

about 7.5 aidh Qﬁjdﬁél JEX e Toh i : m¥pen tartaric acid
is sel ect@gg@?_ . the conpl-e%?%g%gbgﬁ)?ﬁ?ﬁg&é?ggg@ﬁr?gg or slurry wll
typi cal | y havePrfahblof thelmetal ckide abrasive is inguirpordfedshtoethe ageequsahediuracf the
The pH of the CMP precursors andd slurries of this jnvention rraé&'ge aﬂ; ust ed
using 5 Pelishing siRry a8 epncenfated aruegus dispe wetal oides, semprising, irom apoyt

ase hfat3go aé 4 égg@ﬂﬁh,. and prarfdBly GetfRed0NTHRY'20% WAL IR Bifbous

am nes, or nitric, oril c, C,. or o_rganlc )
pr ef er r eddisgersiv® of metHl bRidesinay be pewiiced bliltzingtanverttiviplrechtiquessuch tab slo@ilP

sturry a,ddir(ljgf tl;[ehringtai g)'\;/i?ig taib%i've to an appropriate m’edia, for exatﬁpl'e, deionized water, to
form a colloidal dispersion. The dispersidn is typically completed by subjecting it to high
shear mixing conditions known to those skilled in the art. The pH of the slurry may be

25 - 'adjusted'away from the isoelectric poinf to maximize colloidal stability.

It is desirable to maintain the pH of the CMP shurry of this invention within a range of
frorﬁ about 2.0 to about 12.0, jareferably-between from about 4.0 to about 9.0 and most
preferably from about 5.0 to about 8.0 in order to facilitate control of the CMP process.
Slui'ry handlin'g_pro'blems and substrate polishing quality problems are encountered when the |

| 30 pH of the CMP slurry of this invention is too low, e.g., less than 2. When ammonium

oi:al_ate is the complexing agent the CMP precursor or slurry will typically have a pH of



“Al though the CWP slurry of this invention may be used to.polish any type of
nmetal 10 I t he. chem cal mechani cal polishing sl urrypétmnshiizss

i nvention ﬂas een found to have a ~ high copper, titanium titanium
nitride,-and tantalumnitrate and acceptable tantalum - polishing rates.
In addition, the chemical mechanical pol3shing slurry exhibits desi rabl e

| ow pol I shing rates towards the dielectric insulating |ayer.

The CWP slurry of this invention may be produced using conventional -

-t echni quesboiit57.5 st mo\pH sdjustmestemakbe hengssary. t Howaver, Whylptmhbywldtlﬁéel%t@djﬂszl ng

agent. and, ot her, non- abr asi v. conpongnt s are
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concentr ear conditions until such conponents are
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met al oxi de abriespN &f thel OMR precursors ameshuaies of tidls inventictimdy the adfustedeusingn

and diluted to the desired | oading |evel of abrasive jn 20 the, final gVP
sl urry. any known acid, ase, enemige Flqweyer the pse ofianastd of base that SANLRINF ngamet
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- avoi d posgidilafe pidferfdd o dwoite iitidating nd BBl ahetal éomﬁodéﬂt@flﬁlforﬁd (IMBtshﬁ-ty
I east a two package systemis used where the first package conprises

t he fil mdfehisinvgnierent and 25 any optional additives, and the second

package conpri a i e dispersion The |
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fi rstyoCongak N, chtenfcaﬁ %@%&P ﬁsbﬁémg]slaﬁyldf tﬁ:stxmérﬁoﬁ Hak %af:foun@t tfaenave a

t wo- cont al'ner - nbi nat 1 ons of e ingredients ofthe CWP slurry of this.

i nvent i orhigh e:opp&rhl’atamhm, ktiteniiead ghitride, antbftanﬁahnhamratg mrdzllaneﬁpyalékltamtaium t he

i udi ngpolFBE RPN olfoRIdhon. She PR TReremiea mALAIPE Bt e SRR on

per oxi de ! WD 98/ 26025
Rt Bl e 6vAF R HE BRlechRI MBI dayer. ,_ 6025
urea -and any JFhec€CMPselunly of this invemtiqgnomey the prodlgie'da:smgjcmehmmbgmhniques
perOX|de cont ai ni_ng CIVPsIurr* 1rnulatl g. ClVPsIurrle of t

i nventi on‘npﬁ@rﬁOaﬂ\?F%éhyﬁﬁ‘]t“amﬁ A s YR‘F@Y Eing agnt @pd t%@m-a rasive

stabi 11 ty,, shb BRL NGe Atk St Sly at:ﬁ.\%ﬁ?ﬁx%gmﬁxs §8&i%dpe?oﬂehrbrw 189 Water, at pre-

peI’OXI de Co tal ni‘’ng sturries. ecause the urea contal ni ng

sl urry prdetdimied coacerfratioheumies fow shear @Onditibmpadil tsack dscﬁn;imﬁwmcm;zmm t
will be used and then nixed with hé_drogen ' erOX| de avail able on S|te

to give Hispived iy Fhﬂ;/meﬁlurmm%go ateg flispgesion ef Hhe metal oxide abrasive, sych as
ot L e QA 8 Bt

- mxture a an one I ona
I ngr e el’thsﬁﬁﬂx)mp shiRgor por at ed into the urea cont aining slurry
precursor including at |east one corrpl exi ng agent, | east one 10 film

form ng agent , Then@MEhslurrigsent the presentciovention mey be rswnhedm@smermpkmeesmgm ul

in Qw (oxidizing agent, abrasive, film forming _a_gent-and- passivating agent in a stable aqueous

medium). To avoid possible CMP. sturry degradation, however, it is preferred that at least a

| two package system i_s-ﬁséd where the first ﬁacka_ge comprises the film forming agent and

25 any optional additives, and the second package comprises the aqueoué abrasive dispersion

and an oxi.dizer. The rema'ifx_ing component, the complexing agent, maj( be placed in either

the first container, the second container or in a third ‘container. - Othef two-container
combmauons of the ingredients of the CMP slurry of this invention are within the knowledge - -

_ of one havmg ordmary skill in the art. . _
30 - . It has been discovered that CMP slurries of this invention mcludmg urea hydrogen.

peroxide can be formulated by adding hydrogen peroxide to a slurry precursor comprising -



sturries. ' A nost preferred slurry precursor of this invention
‘i ncl udes an aqueous di spersi on of - fromabout 2.0 to about 24, 0 w %
urea, fuEAI8ReIRI na, a conpl exi ng agent selected from

oxal ate,_ tartaric acid or mxtures thereof, and preferably tartaric acid,
15 . benzotri azol e, and a surfactant i nl‘g_uant ities disclosed above. The
slurry precursor or : m xtures thereof, will preferably have a pH of
from about 4. 0 to bout 9.0. ' ' A rmltl-package CWP slurry system

may be used w a O|IShIn use .
T Pe seen el et WP RS torgive S e TEBlopBR BERRdP L ndiflng
“incl udes MO ForfVRiting LEMP SoFHS T ik inoenﬂuﬂeﬁemammp rcbﬁdammgaeluﬂyus
-or dry 20 orm’n two or nore containers. The nulti-package systemis used

by conbi Iplreoyrsoheehnnnatee mmhﬂﬁymshxppmgrranﬁesafﬁar iconeernn rassacinteds with thydroges; ( ed
anounts to give a

a film f ey GRpEARDg &1"6‘6‘?%’@9!? ngeﬁg‘gﬁ a?[.{on%agtggé o SP%%#%’S ?c\%gnlt n.
e 290 B brlRal e ARANE roeau&n%ﬁére%wam ﬁgeaengthémmea Wihvhyldeogkn

substrat € age systemconprises a first contal ner

i ncl udi ngeroxiddhvailablé ¥n Eﬁe toFglesaJCMi? slunmiﬁalmimggumhhydmgen peresidea corrpl exi ng
agent selected from amoni um oxal ate, .- aric .aci and m xt ut

t her eof benzot peefesred shamy| PEeCULSPF a%ﬂwpveawoa cPMPHtesd B Ozaquepys Gre
about 9.0 .and a $ec n LN

pol i shi nd’fa %aaﬂ @3& O%g%a%ﬂegs% Q[f,l an%&n&ama%bg%?%gﬁﬁ%r rased
sel ected %&Hé‘ﬁreﬁfcoﬁhéﬂﬁﬁyﬂﬁhﬁﬁfe@mdﬂn&hﬂmg at leastasHe domi)lesdng dmt iatrieastfone

polishing to give a CVMP slurry of this invention. C'@IIP

sl urry offimhferpingsagent,i andeany other gdditives suchyas Sﬂ’ffwﬁﬂty thﬁﬁc#rédéséﬁ‘(tfﬁé i con
di oxi de pol I Shl ng rate. However, the CVMP slurry of this i nvent I on polishes
copper, WO 98/ 26025

PCT/ US97/ 22285A most preferred slurry precursor of this mventron includes an aqueous dispéfsion of
titanium . titanium nitride, tantalum and tantalum nitride | ayers, at good

rates undeom about 2: o about:24.@ wt dhares, frmsed aihmma, amml aaemys cted,frem
invention is effective in controllin sel VI 0]
titani umEBHPEP, oxplate; | BHATE n7H t?rgBm“fﬁse 8’159 h V #a}t?ﬁ heid,
presept | fih£ile, BN B Csutf gtin%{' qugndils di?dlbéeﬂsab'i)tvégei"hé)fsl&?i”p%ﬁ%ﬂd&t&*
I ntegrate CII‘CUIt 5 manu ture to provide effective polishing at

desired- pnbrturesthgreoﬁtvaﬂpnbferahlyrhanempﬁmfgrmabwtéotoboutﬁpbrfect i ons and
def ect s.

Ve have di scovérBhltipagkage EMP Surry ﬁy?tﬁ%ll may by yped pithy %é@gﬁﬁ‘l ?8lt’sm§
conpl exi f@etpa en %eﬁ‘n% rid@FoPudd bmﬁeoaéareﬂ B8 lhyer DE RO ML, AfhenphlisficRage

mul tiple conprising
system includes one or more CMP slurry components in,. where appropnate ‘aqueous or dry
20 form in two or more containers. The multl-package system is used by combining the
| components from the various containers in the desired amounts to give a CMP slurry
compnsmg at least one oxidizing agent, a film formmg agent, a complexmg agent and at least
“one abrasive in the amounts described: above prior to or at the time of the slurry to a
“substrate. The preferred package system comprises a first contamer including a CMP slurry
25 precursor compnsmg alumma, urea, a complexmg agent selected from ammonium oxalate,
tartanc ac1d and mixtures thereof, benzotnazole anda surfactant ata pH from about 4. 0to
about 9.0 and a second container mcludlng hydrogen peroxide. At the polishing location, a
preselected amount of the CMP precursor and a selected amount of hydrogen perox1de are
_ combmed at the tlme of polishing to glve a CMP slurry of this invention. ' ,
30 " The CMP slurry of the present mventxon does not significantly increase the silicon '

dioxide pohshmg rate. However, the CMP slurry of this invention polishes copper,



ccopper- alloys, titanium and titaniumnitride at high rates while

exhi bi ti ngveps/zgozept abl e | ow polishing rate towards diRCEESY¥282285ayersS.
The following exanples illustrate preferred enbodi nents of this invention
as well as 15 preferred nethods for using conpositions of this invention
EXAMPLE 1 El ect rocheni cal “#25ts are used to eval uate CWP
mechani snms and to provi.de gui dance 20 In selection of slurry conponents.
The. el ectrochenm cal .cell, ysed was devel oped.in the | BM Lahoratories
2G| dedURINB THPRIGR BTG ctaBialumh, andRRaLiTD I RYFASLPY (@9 rLaH, HAES e
Conduct or BGtUT Bhus. HRMAR 73 ' off ;
“herein by%-O hEOMrbgf &7 e‘#é@s' Tﬁgusél ectroc ?g%ygéfl; ﬂ%seﬁvéxgtﬁ%g&m f%egﬁ‘&{ ﬁgé&{tﬁﬂhng
eval uat i opofifhifig)Seledtivities @f eitamiirg,"dopper, and titaniuni htridest The golishirigslumy of thee
of a substrate, with and w thout surface abrasion. The nethod 25 uses a
PAR nodel presenipipveniianonaibe wsedrduning the vadeusovages fof wemisonductor integrated £yt o

1 illustrates ocesses.governi ng .t he dissel yti . Of L. L.ne ce
of 3 LmaplhEso ot S e dh SRt o refe3 Rl ik B8
gl yci ne. ( imgerfactiohs AAEETEAEN oxalate (3 & 4), both present in the
amount of ohe percent by weight at pH 5.1. In both cases the anodic
Tafel slope is quite |low, and the difference between the potentiodynam c 30
pol ari zation curves with and w thout Mi s very small. The

el ectrochem cal cell results in t the Cu surface is not
covered by an oxide film However, copper dissolutionis : WO

98/ 26025 ' S : o :

PCT/ U397/ 22285 We have discovered that a CMP slurry including at least one oxidizer; Gomplexing

at least twenty tines slower in the presence_ of anmniumoxalate. In a,
conpar i sorfgey and a%px),gqrﬁ»g}g - CUEL &aP%b?% ofpolishing apnltinle metal [AVERs, cQmPESAgyer

di ssol uti i t op e .
G 5201 . o, Mo, SRSl g L) PGS a5 0
consi st entpojishing\rate tdweids Hielepioicdnfersal neasured in glycine, indicating that

a preferential 5 dissolution process would lead to Cu[err]. ions while with
gl ycine, cul er rThe fglowmesremplesiillusratesprefesred embodiments of this inyeption asiwell as

acrs 1B | merEE e B et SRRRRHORL R AR Bbaton format on of

Cu(NH err])[err] and Cu(NH err])[err] conpl exes. Figure 2 shows the

di ssol uti on and passivation of copper _in 11%Herr]Jerr] (curve 1,

after surface abrasion), the sane oxEXAMPLHLh 1 wei ght % gl ycine (curve
2) and the same 10 oxi dizer with 1% amoni um oxal ate (curve 3). Corrosion
potential is |lowest in the presence - of amoni um oxal ate. Al though in

am"rpni um oxal atEledtRtheMRiAPfestd afS el tb @Pallifte ONTRMSRHariéins and to provide guidance
| 20  in selection of slurry components. The electroph'emical cell used was developed in the IBM
-Laboratories and is described in V. Brusic et al., Corrosion And Inhibz’tibn Of Thin Line

Conductors In VLSI Structures, IBM J R&D, 37, 173 (1993), incorporated herein by .
reference. The electrochemical cell,alloWs for the evaluation of the electrode potential and

the metal dissolution rate of a substrate, with and without surface abrasion. The method
25 uses a PAR model 273 potentiostar with PAR corrosion software. = .
| Figure 1 illustrates processes governing the dissolution of copper in the presence of
an Qiidizer, i.e., 4 weight % ammonium persulfate with either.glycine (1 & 2) or ammonium
~oxalate (3 & 4), both present in the amount.of_ one percent by weight at pH 5.1. In both
cases the anodic Tafel slope is quite low, and the difference between the potentiodynamic
30 polarization curves with and without abrasion is very small. The electrochemical cell results

indicate that the Cu surface is not covered by an oxide film. However, copper dissolution is



a conparison to peroxide alone, reaching about 200 nnimin during abrasion,
t he surf%gé repassi vation does occur, |eading to the giggsd7shiagn rate
after abr P%% o‘? only 5.5 nm m n. The additions of small amounts of
BTA assure that the passivation should occur pronmptly, 15 wth Cu-BTA
provi di ng an additional factor in coppel6issolution control. In contrast,
copper dissolution in glycine is the sanme with and w t hout abrasion,
reachi ng the uncontrol | abl e val ues of over 300 nmim n w thout surface
repassi Vaj il twenty times slower in the %resence of ammonium oxalate. In dEmnmEoﬂ 20
Cu and Ti wafers were polished with a CWP slurry usmg Stra
pol i sher giycir®, oxalate issa moseeff¢csive anhibitor tp gpppas|disselytien. T, ﬁ'&lse ﬁrﬁg%?tﬁ&ﬂ e
- speed. Th ClVPsIurryvva f ormul d y. t

the 'corrasion, Pojenials, wi it Bike bg@ﬁf}‘% in. {ﬂg V\gga'kﬁ@ vein

hydr ogen tri az t1ng agent
as shown J 13@1%}/3 lo"wer%aﬁﬂﬂe ﬂotérﬁﬁp‘fﬁ’éasﬁré&% YRéifie, Zﬁadlcaﬁ%ﬁmed préfesentiall
rates for pr| or "art slurries i ncluding hf/drogen peroxi de and gl yci ne_were
al so det alissolution pratesscwould deadito C[abdmsvﬂneAleth slwne,ufés oo fosmation ia Postbla
abrasive, with 5% sol.i ds e wetting ent us

d -
~ manuf act ur ed WW%@%?W%@MI sorks At the.copp &s‘ﬁ%§t u&\gas Tmbg\%gtreralsoDFm

gocq'? Egé'?f éncrease the c(‘/ﬁe? dse5i0Gch rate through formation of Cu@NHs)x' and CU(NI'I3)x++

Tabl e 1 RenipidXes)OFighie? slﬁtfwsﬂhealm]oﬂiuon andpassivatien of cwppelem 11% H202 (MVQ)](’I de
Ammoni um BTA

( H[ er r | O[after surfamge-absasion), the same oxxdx;@'émh 1 weeght % glysing ﬁcurve ESa and the same_

;(0,2 10 om%(z)qu,ynth 1% ammorgum oxalate égrv@%m Corrosion poge}xgﬁ is lowest in the pr&gn&

11% - of angnéﬁﬁm oxalate. :Qlthough in aﬂ:ﬁmﬁﬁm oxalate the cdﬁ:i:r dissolutlon is enhanﬁéd m
11%
9% a compm}&pn to permu@q%one reaglgng,phput 200 nm/m@ﬁ;mpg abrasion, the ggrt'che

-T-;/Om e 2 repasswaﬂmb@?'ﬁx‘? c&gr, qeadmg & é’% (ﬁ%ﬁlutlon rate aﬁg%bgasmn of 0%? 'tSi 1#8%119

Cu Rate Theladdi#m of small amounts of BTA assure that the passivation should occur promptly,
15 with Cu-BTA providing an additional factor in copper dissolution control. ‘In contrast,
| copper dissolution in glycine is the same with and without abrasion, reaching the

“uncontrollable values of over 300 nm/min without surface repassivation.

EXAMPLE?2
20 | | o

Cu and Ti wafers were polished with a CMP slurry using a Strasbaugh polisher at 3
psi down force, 45 rpm table speed, and 50 rpm spindle speed. The CMP shurry was
fonnul;ted to vary the concentration ' of hyd_rogen peroxide, ammonium  oxalate,
benzotriazole and wetting agent as shown in Table 1. Cu and Ti removal rates were
" 25 . measured. Several rates for prior art slurries including hydrogen peroxide and glycine were
also determined and reported in Table 2. All sturries contained alumina abrasive, with 5%
solids. The wetting agent used was TRITON® DF16 manufactured by Union Carbide

Chemicals & Plastics Co., Danbury, Comécﬁcut.



(H[err]qerr]) Agent ‘nmmn . nmMmn
11%. WO 98/28025% -0 - PETAUSIN22285 101. 4
8% 1.1% 0 25 ppm 493. 7 75. 6
11% 2. 1% 0 0 778.3 53.4
5. The results of the CVWP pollshllﬁg tests set forth in Tables 1 and

2 show that CMP

slurries of this invention are capable of achieving

rates ang

select|V|t|es

preferred copper and ti tanl um pol i shin
i ncl uding a rate Bablgd Pelishiing pafes
at nost 4

ﬂ?ﬁ!‘ﬁ“‘é‘n’ﬁ' ip perpxi p]s ‘%’Eﬂe\éct i vity of

The repro 13’&%‘9% yAmm?ﬂ“P%rmHAr at ceing il ni & )n :ﬁ‘ ﬁ} ity

(W VWNU) _@)I ate b slurry ¢ rAwnlrg 1n |r1h

per oxi de, | 1. Hi%ampnl uﬁ% gxal @t e, OSOMBTA, 50 Ipb'?n of TR TO&P&r r] -16
sur f act- ant—rapttagt-ur-ed_by—Ui-of -Car-b-de—anrd—S%-a-trHe—abt S
eval uat ed in7t/f’|i s Exar%? The WP s | uPP PPWas 15 aﬁgl ed succe§§1 veI ylto
copper wa T~ StTFsaugty poj T STeT RoUeh 1558 DT Tet,pgd

W th DF_2)0 ]hs°ert, Odﬁpy cow?(bfor mﬁ’ﬁ;m e speeg#of 50 rpm 'gnd a

spi ndl e speeghimgt 30  1e%pm 0 ' Fpg, experi wopial re¢sul t go.4pl ot tjed
in Figure|l3 denondtrate that [the slyrry polishing perfarmance is qlite
consi sten{ a®¥shdws dod¥d wafle0.08% \af 30 ppmi f dr mi t 170.7 99D 98/ 46025
PCT/ US97/ 2285 ' 1

EXAMPLE 4| 7% L5%; s Ex0BVe |colBaPBs the ePPAtiveness HBQrea

hydr ogen peroxide and—Hyuroger peTORTUE as uselru—CVPOXTuTr Zers..

Specifically, this Exanple conpares the stability over 5 time of the two
oxi di zers. Two slurries hapjg)gat he foll owi ng conpositions were
prepared in_an _agueous nedium (deionized water). Each slurry was
pr epar ed jus PespxidéV -|[SPERKkche r] | W ABIA al um nWetting di Sp€uRate andidRdtet|ed
to 5 wei gg;_gt%gnt al umina with dei oni zed| wat £gent nm/min S| Umny/nfin [5%
al um na, 0 ogery per@ Y0 SUCET NI C pACl d, [Or 1 I PH -_?T%_O
3.50. - ¥ Sljurry E/GS% al um ga 8. p% ur ea- hyd oqe%lzpk:r oXi d;al BH]
(which cqrresponds tjo  1.1% 0 25 ppm 493.7 75.6
11% 2.1% 0 0 778.3 53.4
5 The results of the CMP pohshmg tests set forth in Tables 1 and 2 show that CMP

sturries of this invention are capable of achieving preferred copper and titanium pohshmg
rates and selectxvmes including a Cu rate of at least 100 nm/mm and a [Cu:Ti} select1v1ty of
at most 4:1. | '
- EXAMPLE 3
1o o |
The reproducibility of Cu removal rates and within wafer non-uniformity (WIWNU) -
results for a CMP slurry containing 11.0 weight hydrogen peroxide, 1.5% ammonium
- oxalate, 0.04% BTA, 50 ppm of TRITON® DF-16 surfactant manufactured by Unien
Carbide, and 5% alumina abrasive was evalu__é_lted-' in this E)_:ﬁmple. ‘The CMP slurry was
.15 applied successively to copper wafers on a Strasbaugh polisher, using Rodel 1158 buffed pad
~ with DF 200 insert, a 4 psi- down force, a table speed of 50 rpm, and a spindle speed of 50
. pm. | o | '
| The. expenmental results plotted in Flgure 3 demonstrate that the shurry pohshmg.

. performance is quite consistent and shows good wafer to wafer umfornuty



about 3.0 wei ght percent aqueous Herr](err]), 3%succinic acid, origi nal’

PH = 3. 55y0 98126025 - Slurries A and B were. allowed to staagpgér2085m .
tenperature,” over a seven week - period. Sanples of slurry A.and B were
periodically analyzed for pH and titrated with 15 potassium pernmanganate in
acid solution to determ ne percentage 018 active peroxide. The results
~are reported in Table 3 bel ow. Tabl e 3-
Stability Study of Slurries A and B

Active Herrlderr] % _ "~ pPEXAMPLE 4 Slurry A
Slurry B - SIurryA_ - Slurry B : HP
UHP ' UHP ' - . 0 weeks -3.35

g :22,8 " This %xgrgple compares the %ggéhveness of urea il#i‘\t}é&ﬁ geroxrde and hydr%ge§5

g- gg peroxide & ﬂ%ESCMP oxidizers. Specifically, this Example %ﬁﬂares the stability over
3. weeks

3.49 5 txmeofthetweeklshzers -1 82 : 3.54
Aver age 012

change/ week  D¥° ?IHE"F@?Y'HS é’%iﬁ“!lgwf%@&f&?é‘“PH%Wefwe%?‘? Wea"pa@”&‘fsdged' t he
slurTy | Rktn0 il OOBPRLAY S proparei SHAUSEMILSHERSED. WSk wiakina! han

t he slur I ng”urea hydrogen pe OXIde stability of both
sl urri es disperstomandadiluted to 5 weight B8 AlRGMREWith delomzed water.

PCT/ US97/ 22285 o -

A nost pref er rOTHA: éi/Zé-‘““P%a’ é/éay‘iff?&?’b&'é'ﬁ’“ﬂﬁlmﬂ o S‘W{-‘é‘“ﬁﬂ%‘g ﬂ?ﬂ?ﬂd’(ﬁ
peroxjsde 3 59 may be present in the overall chem cal mechanical polishing
slurry inan anount ranging from about 1.5 to about 30.0 weight
percent. |t i sShmpiBara%ediuniing, 815%aurey-dydiogen peroxided&/HE] (which goresspondsito t he
slurry in_an am)unt rangi ng from_about 3.0.t.0 ghout .17 wei ght percent and
5 nost pbepkt Anveett perreatveoss 02, 3% suecinio aedwetil@m pgie eﬁ%t

~ Slurries A and B were allowed to stand at room temperature, over a seven week
period. Samples of slurry A and B were periodically analyzed for pH and titrated with
15  potassium permanganate in acid solution to determine percentage'of active peroxide. The

results are reported in Table 3 below.

Table 3 - Stability Study of Slurries A and B

Active H,0, %_ " - pH
Slurry A~ Slurry B Slurry A Slurry B

HP UHP - HP UHP
0 weeks 3.35 - 3.28 3.50 3.55
1 weeks > 330 - | . 3.48
2 weeks - 2.85 . 3.62
3 weeks 324 _ 3.52
5 weeks . 3.12 1 3.49
7 weeks 182 ' 3.54
Average -0.22 -0.03 | 0.006 - -0.012

change/week '

20 The test results indicate that the active eero:';ic:le in the slurry including hydregen peroxide
degrades at a much faster rate than the slurry mcludmg urea hydrogen peroxide. The pH

stability of both slurnes are sumlar
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The effectiveness of polishing slurries conprising

“EXAMPLE 5 :
urea hydrpgegréesoxi de to polish 10 Cu and Ti waf ers waspeywsemi2ess i n
‘this Exanple. The slurries described in Table 4 bel ow were applied to

- Cu and Ti wafers on a | PEC 472 polisher using a | C1000/ SUBA IV pad

stack manufactured by Rodel, Inc. at 5-p8+ down force, a table speed of 50
rpm and a spindle speed of 60 rpm Each slurry included 5.0 wt %

al ym na abrasive. The wetting agent used was TRITON err] DF-16. 15
The Cu and .Ti Achost Iprcfgm:thtomdlmr is wrep dydeogen pemadsiee The urea hydrogen peroxide

Tabl e 4: Pol shi f d I
_ U?ea? m_;(i)y Iesprle %gs,ﬂvgrgl}%enucgl mechamcz!ﬂrmﬁftf o8 Ci(uiﬁ zth%n b rl'l&tj:gggmg fromn

rate
e aboﬂte'i%xn}cﬁi%out 30.9@%&%&;:@1 It is pé'g/f(;erred that urea hg(%ogen peroxide 63%
9.5 preséfiflinfthe slurry in.aaSfount ranging fré®oabout 3.0 to abod47.0 weight peréefit pmdn
796. 3 249, 4. 5. 65% 1% ' 0. 08% 50 ppm
673.55 most preferably from about 5.0 to abovﬁéZBdwshhmgc%su| ts indicate that CWP

slurries of this invention are capable of 20 achieving preferred Cu and Ti
.pol i shing rates of over 500nn1n1n and a Cu:Ti selectivity ratio of

| ess than 2.5. EXAMPLE 5 ' EXAMPLE 6 = 25
This exanpl e eval uated the effectiveness of CWP polishing slurries
conprising a pol i shi ng slurry precursor and hydrogen peroxi de copper

pol SN nG. T WAL SIS SF S S o s Bbken' el SRt >
PCT/ UR97/ B2 2RP Ti wafers was evaluated in this Example. The slurries described in"Tabfe 4 below
were applied to Cu and Ti wafers on a IPEC 472 polisher uSing a IC1000/SUBA 1V pad
stack manufactured by Rodel, Inc. at 5 psi down force, 2 table speed of 50 rpm, and a sﬁi'ndle
speed of 60 rpm. Each slurry included 5.0 wt % alumina abrasive. The wetting agent used
~ was TRITON® DF-16. -
15 . The Cu and Ti polishing rates are reported in Table 4.

Table 4: Polishing rates of Cu and Ti in urea-peroxide slurries

Urea- Ammonium | BTA Wetting agent | Cu rate Ti rate
peroxide oxalate ' nm/min nm/min
5.65% 0% 0% 0% 9.5 260.7
5.65% 1% 0% 50 ppm 796.3 249 .4
5.65% 1% | 0.08% 50 ppm 673.5 271.0

The polishing results indicate that CMP slurries of this invention are capable of
20  achieving preferred Cu and Ti polishing rates of over 500nm/min and a Cu:Ti selectivity ratio
. oflessthan2.5.

EXAMPLE 6
25 This e;{ample evaluated the effectiveness of CcMP pbl_ishing slurries comprising a

polishing slurry precursor and hydrogen peroxide copper polishing. The slurries described in -

Table 5, below, were prepared by combining an aqueous dispersion of a CMP slurry



precursor consisting of 5 w % al uni na, urea, ammoni um oxal ate, BTA, and
wetting (TRITON[err]DF-16) with a 30 wt % sol u o
H[err]_q%nf%g resulting CMP slurries were appl i ed}FQR’BS;mZ?erS on

a | PEC 472 polisher using a | Cl1000/ SUBA 500 pad stack = manufactured by
Rodel, Inc., at 5 psi down force, a tahlyg speed of 40 rpmand a spindle 5
. speed of 60 rpm The Cu polishing rates are reported in Table 5, below
Tabl.e 5 Urea Anmoni um BTA , Wetting

Hydr ogen preclgs'»oxr 8diisi tmg of 5 wt % alumma, urea, ambtoRhR 8xalate BT and wettm&) agent
agent per oxi nrm m

1% - (TRITONPDB%) with a 30 5@ Ypsolution of }50267%he resultxﬁg?EMP slurries mss%
1% . 0. 08% .67%
1(%(: - applied tg @g(yg»vafers on a E‘@Lﬁﬁﬂg pohsher gsxgg% ICIOOO/%@BA5 500 pad stack

Results ip e t | t hi.s r f

achi evi ng"@?@gﬁ ggﬁg&;‘f i‘% ﬁ'i’f‘ é)ovf"? g?ﬁcﬁg ?agzﬁ eg&eﬁ ogv@?&g’g(?ﬁ 44 ?ﬁmdl%nd
- QuiTi sel greell WFEY rpmt E‘Be@uﬁcﬂi%ﬁné?ﬁés%e%ortedm@ﬁﬁé@' bélbwi ri es may be -
prepared either with a solid urea-peroxide as an oxi di zer as shown in

Tabl e 4 of Exanple 5 or by conbining |iquid hydrogen perGX|de (packaged as

- 30% sol ution), wth-a CWP slurry ,Frﬁcgrsor conprising solid urea as
shown in Table 5. 15 EXAMPLE 7
Thi-s exa leﬁvanuatea e ST TerT T VENESS 0 SIIREEL L TUTT1
conpri si EE rea or t pABMEINM L aBhi un o X#’J 18Zon|c gen a%tgPd'ﬁfe hind

PTECS polf shing. Two| Oxalsterr|es were prpparagemby corbPeroxisde; ngr eali/mixt §
to gi-vejClVPsIurrvincIudin W% 20  alumina 3.65 w@kea, 12. 0 wt %

hydr ogen oxi de, 5Pyppm Tri to109§(16 sur gg&,ﬁ&t, and1667% 0.04 \gt7§_(o7
benZOt I’I Ul T O U1 L TTICT UUTU VVt n/U ARTTUTIT UTTI U)\a. aLC VVIIi if J I Ul 1 y 2

i ncl uded [B3.65%t % tark ¥ ¢ acid 988%H of {BOP &% at e co3PBBni ng
slurry wesy39 natpggl Iy 7.5, | blogepH of |Bephaytari ¢eayms cont dispsag
slurry was—adfusted-tuU 7.5 Dy (e aqudirtTom - Of amronun ydroxtr de to
the slurry. 25 - Both CWMP slurries were applied to Cu, Ta, and PETCS
waf er s onRasultsikdidate that CMPOthngis rofltﬁik Reventibh e Bdpabl/of5iiflicding prefeted Cu
manuf actured by Rodel, Inc., at 3 down

10 (and Ti) polishing rates of over 50 nm/mm and Cu:Ti selectivity ratio of less than 2.5.
Useful slurries may be prepared either with a solid urea-peroxide as an oxidizer as shown in
Table 4 of Example 5 or by cbmbining liquid h‘j/drogeh peroxide (packaged as 30% solution),

with a CMP slurry precursor comprising solid urea as shown in Table 5.
15 - . - EXAMPLE 7

This example evaluated the effectiveness of CMP polishing shurries comprising
tartaric acid and ammoﬁium oxalate on copper, tantalum, and PTEOS polishing. Two
slurries were prepared by combining ihgrediénts to give a CMP sluhy including 3 wt%

20 alumina 3.65 wt% urea, 2.0 wt% hydrogen peroxide, 50 ppm Triton DF-16 surfactant, and
| 0.04 wt% ben_zotriazdle. Sharry 1 included 1.0 wt% ammonium oxalate while slurry 2
' includéd 3.0 wt% tartaric acid. The pH of the ammonium oxalate containing slurry was
naturally 7.5, the pH of the tartaric acld contalmng slurry was adjusted to 7.5 by the addltlon

L of ammomum hydroxnde to the slurry. . ‘
25 Both CMP slurries were apphed to Cu, Ta, and PETOS wafers on a IPEC 472
polisher using a IC1000/SUBA 500 pad stack manufactured by Rodel, Inc., at 3 psi down
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force,, a 2 psi back pressure, a table speed of 55 rpm and a spi ndl'e speed
of 30 rpm- The pO|IShI ng rates are reported in Table 6, below.

TABLE 6 Slurry . -3l Renpval Rate Ta Renoval Rate
PTECS ([err]/mn) . ([err]/ mn)
Renpval Rate - 4485

345 force, a 2 psi bacg(pressure a tabl'e speed’ 01‘255 rpm and a spindle speed3f/3) rpm. The

208 - ishing rates of the tartaric acid
cont ai ni ngolggrqggﬁﬁeﬁaresqegpq@ %EQBZ‘T?&%W | ower than the rates of the
anmoni.um oxal ate containing slurry. However, the tartaric acid containing
CWP slurry is nore passivating than the amoni um oxal ate containing slurry

t her eby provr di ng stronger corroFABLEG6Nntrol . 10 _

EXAMPLE 8 COt+-85+OR—ttt-e—f—Cu—tSRg—F-e—eHt-eert—St-t+i-g S
was eval udt ed elSlatryochem ,anRemovaldhterdl r@ammdval Ratdo¢ of PTEOS| e |].
Al'l five qlurries containefl 5% Rehyed alfum na 5 H ¢mRéhdwil Hate- | -
3.65% ureg and 50 ppm Tritpn DF-T6 surfactgnt. The conpl exing aggm,m}t he
presence OT —apDSENCE O] a1 i grtor—ard—tte—srorrypH

t he Tabl e |Z._al nnr\)1 with thbh nmeasif rnrr osi oMt at es 80

TABLE 7 ‘Slyry conplexi ng3agent BTA08 ' 67 PpH
Corrosjon Tare ' u
Almn 1 1% amm oxal at e 0% 7.5 (natural)
48 TRe polishingltesoNtiexairatie acid containing pﬂ;sﬁﬁig slurry are shghtTy ﬁw(dﬁ 3hail fhe)
1.54 3 1% tartaric acid

(w/ NH[ er r Jatgg) of the ammgnium oxalatg containing ogluray. t ;qu,evgm the tartaric’ agld4qgntammg
.o (W NHEZW ]sﬂf'py is mer passivating than the ammonium oxalate containing slurry thereby

providing stronger corrosion control.
10
EXAMPLE 8

Corrosion rate of Cu using five different slurries was evaluated electrochemically
according to the method of Example 1. All five slurries contained 5% dispersed alumina, 2%

15 H;0,, 3.65% urea and 50 ppm Triton DF-16 surfactant. The complexing agent, the presence
or absence of an inhibitor and the slurry pH are listed in the Table 7, along with the measured

COITOSION rates.
| _ TABLE 7
Shurry | complexing agent - BTA pH | Corrosion rate
B . A/min
11 1% amm.oxalate 0% 7.5 (natural) ' 48
2 1% amm.oxalate | . 04% 7.5 (natural) 154
3 1% tartaric acid % 75 WNH,0H) | 20
I2 Wemrmaicacd | 04% | 75WNILOE) | . 06
5 1% tartaric acid 0.4% 7.5 (W/IMAH) 0.5

20



5 1%tartaric acid 0. 4% | 7.5 (W TMAH) 0.5 20

WO 98/ 260 : :

hCT/ Usoz/ S paeurs - - PCT/U537/22285

The corrasion data indicates that tartaric acid | owers the Cu corrosion
~rate.in an conparison wi th ammoni umpgxal ate. The corrosion rate is
further reduced in the presence of tetra al kyl ammoni um hydr oxi de. 5
- Wiat we claimis. _ o - 23 -
CLAIME 1. A GNP catrdkioH dALmdIcaRs th it 1281 FOWERY ine! OF caFBiofHdte?in hfast
one netal oxide abrasive whereln the abrasive has a particle dianeter

| ess t hancémparison with amnhoniunt axatate. Theaarmosiogiratg i$ finthet feduced in] the preseatd

err]/g. 2. The conposition of claim1, further including a filmformn
g{genJ 9" of teira alkyl ammonium hydroxide. _ 9. g

5 What we claim is.



‘3. The conposition of claims 1 or 2, further including a conplexing agent.
4. The cowmpssideozsn of clainms 1-3, wherein said conpositi on REGRREAS{ r om
2.0 wei ght percent to 24.0 wei ght percent urea and from1.0 to 15.0

wei ght ' | uni na abr asi ve, 5. The composition of claim4,

wher ei n id conposition further corrpr-i'gés fromO0.5 to 3.0 wei ght
" péer cent Immﬂﬁﬂnﬂu ; and from0.01 to 0.2 weight percent - _
benzot ri il L 0.001 to 0.1 weight percent of a surfactant. 6.
The conposition of tlaim4, wherein s&émirposition further conprises from
0.5 to 5.0 weight percent tartaric acid and fromO0.1 to 0.2 weight

percent benzotriazole. - 7. The conposition of clains 1-4 or 6, wherein the

conposi tion hag a pN EXPRIvry pieRursor QoMpositish comrisiyes iahd an leakt cheainetal 1- 4
or '6-7, wherein_ the conposi tqlzgn furt he-rpi ncl udes from 0.001 to 0.1

wei ght percent of aoxide hbrasiveit . 9. A chenical mechanical polishing slurry
conposi tion conpri sing: an abrasive;
- 24 -3 at | east one oxidizer;  a conplexing agent; and a film

form ng agent, 5 wher ¢4 o4 fifosilH bitcHim e H ¥k Gidludisy A Bt Pmsdgigent.has a pH of
3. The composition of claims 1 or 2, further including a compléxing agént.

10 4, The composition of claims 1-3, wherein said composition c_omprises from
about 2.0 weight percent to about 24.0 'weight percent urea and from about

1.0 to about 15.0 weight percent of an alumina abrasive.’

5. The composition of claim 4, wherein said composition further comprises from
15 . about 0.5 to about 3.0 weight percent ammonium oxalate; and from about
© 0.01 to about 0.2 weight percent benzotriazole; and from about 0.001 to

about 0.1 weight percent of a surfactant. ' | |

6. The composition of claim 4, wherein said composition further comprises from
20 about 0.5 to about 5.0 weight percent tartaric acid and from about 0.1 to

about 0.2 weight percent benzotriazole.

7. The compositidn of claims 1-4 or 6, wherein the composition has a pH from
~ about 5 to about 8. '
25,
8.  The composition of _cla.inis’ 1-4 or 6;7, ‘wherein the composition further

includes from about 0.001 to about 0.1 weight percent of a surfactant.
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from7.2 to 9.0. | 10. A chenical mechani cal pol i shing sl urr'y conposi tion '

| ;Sgﬁ[l ° ’3&3)9812 il Hmnlmn “luimlfﬂll%g;g?ﬁnsgfcrjoéihg% cal Wﬁgs rsllgurry'

conposi tion has a pH*of¢® “fr'om®7.2 to 9.0. 11. The conposition of clains
3-10, wherein the conpl exi ng agent is-2dl-ected fromthe group of
conpounds including citric acid, lactic acid, tartaric acid, succinic acid,
oxal i ¢ acids,- am no acids and salts thereof. 12. The conposition of
clainms 3-11, wherein the conpl exi ng agent is ammoni um oxal at e. 13. The
conposition of claim 12, wherein the amonium oxalate is present.in an
anount rangi ng #r chemical meghagicg! pelishing Sbmmmposmom&omkﬂsném cal

mechani cal poli shi ggaél urry conposi tion conprising: . an abrasive; = urea
hydr ogen. per oxi de; ¥%ari c acid; and a filmforni ng agent, wherein
the chem cal nmechagi gl JaglokiieRd s urry has a pHof - . from7.2 to 9.0.

- 25 - 15. The -conposition of claim14, wherein the tartaric acid is
presesmt in an anpuatcompleximgrigent; indm 0.5 to 5.0 wei ght percent .

a film forming agent. -

10. A chemical mechanical polishing shurry composition comprising:
an abrasive; o | '
10 urea hydrogen peroxide;
a complexing agent; and

a film forming agent.

11.  The composition of claims 3-10, wherein the complexing agent is selected
5 LR from the group of compounds including citric acid, lactic acid, tartaric acid,

succinic acid, oxalic acids, amino acids and salts thereof.

12.  The composition of claims 3-11, wherein the complexing agent is 'ammonilllm
oxalate. |
20 - .
13.  The composition of claims 12, whérein" the ammonium oxalate is present in an

amount ranging from 0.5 to about 3.0 weight percent.

14. A chemical mechanical polishing slurry composition comprising:
25~ an abrasive; '
| urea hydrogen peroxide;
tartaric acid; and

- afilm forming dgent.

30 . 15.  The composition of claim 14, wherein the tartaric acid is present in an amount

ranging from about 0.5 to about 5.0 weight percent.
: _ This Sheet Has Been Replaced
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*16. ‘The conposition | magvherein the filmformng agent is '
- benzot ri 3gglogneozs 17”“&“] Immg.lmﬂmrgf clai m 16, wherein poe/usema8s i azol e
is present in an anount ¢  tbetween ©.01 to 0.1 wei ght percent. 18. The’
conposition of claim9, wherein the oxidizer is a conpound that forns
hydr-oxyl radi cal s upon reduction. -238: The conposition of clains 9 or
18, wherein the oxidizer is selected fromthe group consi sti ng of
hydrogen peroxi de, urea hydrogen peroxi-de and conbi nati ons thereof. 20.
The conpositi d6. of THeaicomp®sifien ofiedaiing 2HS, owhefeine the Sfilm fooming geexisde

or urea hydr ogen peraoxi de ‘present- in an anount ranging fromO0.3 to 12
wei ght percent. - . PEDZOtHEZAIS position of clains 9:20, wherein the abrasive
is at |east one netal oxide. 22. The conposition of clainms 1-21, wherein
the netal "oxide abrasive is selected from the group including al um na,
ceria, germanilg, SiTheCdompositioh of cldiinCDf)i whereindthel bénzotrizole ishpresent .in a3
The conposition of clains 1-22, wherein the abrasive is an aqueous

di spessi on-of a  amauat betwiege 0.01 tpabout b 1 weighb PPECERn of Cl ai ms 1- 23,
wherein the netal oxide abrasive consists of netal oxi de aggregat es
having a size distribution less than 1.0 mcron and a nmean aggregate

di ameter |ess fighan fthedcdihysdsitidbn of claim 9, wherein the oxidizer is a compound that forms
hydroxyl radicals upon reduction. |

10 19. | The composition of claims 9 or 18, wherein the oxidizer is selected from the
group consisting of hydrogen peroxide, urea hydrogen peroxide and

~ combinations thereof.

20.  The composition of claims 9-19, wherein the oxidizer is hydrogen peroxide or
15 .. urea hydrogen peroxide present in an amount ranging frpm about 0.3 to about -

. 12 weight percent.

21. - The composition of .claims' 9-20, ‘wherein the abrasive is at Jeast one metal
- oxide.
20
22.  The composition of claims 1-21, wherein the metal oxide abrasive is selected
from the groﬁp including alumina, ceria, g'eﬁnania, silica, titania, zirconia, and

mixtures thereof,

.25, 23. The composition of claims .1-22, ‘wherein the abrasive is an Iaqueous

- dispersion of a metal oxide. -

24.  The composition of claims 1-23, wherein the metal oxide abrasive consists of
"metal oxide aggregates having a size distribution less than about 1.0 micron

30 : and a mean aggregate diameter less than about 0.4 micron.
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- 26 - 25. The Commummmﬂll ' 1- 23, wherein the netal oxide '
abr asi ve ?fhﬁ@?@§ of! i ilfKli vi dual netal oxide Sﬂﬁf@ﬁﬁlﬁ%@; ng a
primary parti ~di ameter l'es8 than* ' 0.400 micron and a surface area
ranging from 10 nierr]/g to 250 nferr]/g. 26. The conposition of clains
1-25, wherein the abrasive has a surfacgéarea ranging.from 5 nferr]/g to
430 nmerr]/g. 27. The conposition of clai'm 26, wherein the abrasive has a
surface area of from30 nferr]/g to 170 nR/g. 28. The conposition of

claims 1-27, wiser ei The Ssinpdltivni ofelaims 303 oiheebid fehéthicoideatirasive comsisisssfl ng
of precipitated abrasives or fumed abrasives. 29. The conposition of
clai ms 1-28, wher eidisarete, individial metal oxide spherésohavingmprimasy particle dmmetere

conposi tion of clai;m 29, ein the conpogition has.a pH of f 4240 9.
31. The corrpositiode%%\g)ﬁf%ﬁycr%@éiaz?? eﬂ%%qgoﬁo??a%boéﬁgﬁ’gf&ft?om 5
to 8. 32. A chem%htmﬁa@j cal polishing slurry conposition conprising:
an abrasive; an oxi di zi ng agent selected fromthe group consisting of
hydr ogen per oxi de; -urea hydrogen peroxide, and m xtures thereof; "
amoni um oxal at e; aglsl benzotriazol e, wherein the chem cgl macgéni cal

pol i shi ng sl urdy. hakhe,compesition ghclams 1-23, gwhergin the #brasyiechas,aWERES BFFaof

claim 32, wherein t : laf | &mr y 2, from1.0 to 15.0 wei ght
percent of a netal %ﬁx?ggﬁg’g}s%ggwgn? db§ﬁ§430 m'/g.
27.  The composition of claim 26, wherein the abrasive has a surface area of from

10 o about 30 m%/g to about 170 m%/g.

28.  The composition of claims 1-27, wherein the abrasive is selected.fro.m the

group consisting of precipitat_gd abrasives or fumed abrasives.

15 . 29. The composition of claims 1-28, wherein the cdmposition has a pH of from
about 2 to about 12.

30. The coinpo_sition of ;.:laxm 29, wherein the composition has a pH of from

| about 4 to about 9. - | | |
20 -
. 31.  The composition of claim 30, wherein the composition has a pH of from

" about 5 to about 8.

32. - A chemical mechanical polishing slurry composition comprising:
S 25 .-+ an abrasive; . o | o
an oxidizing agent selected from the group consisting of hydrogen peroxide,
urea hydrogen peroxide, and mixtures thereof:
ammonium oxalate; and
: benzotriazole. -

30
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ironen wonmme” MO e cone rvarogen perode o tied g

benzotri azol e. 34. The" conposition of clainms 32 or 33, wherein the
benzotriazole is present in an amount ranging fromO0.01 to 0.2 wei ght
per cent . 35. The conposition of clai m@732-34, wherein the abrasive is

al um na. 36. A chem cal nechanical polishing slurry conposition

conpri si ng: an abrasive; - urea hydrogen peroxide; fromabout 0.5 to

about 3.0 wei g38. peTheocomposition ofinlaing2; whereimthe comppgitipmBOUPTEESD1 t 0 about
0.2 wei ght percent benzotriazole, - ein, the chem.cal nmechani cal .
pol.i shing . slurry haffom “bf-oftPGPﬁ‘\’;tv.nl -Qwe’@.i‘bt’eme'g%aﬂfﬁbet%ﬁﬁ%sﬂﬁﬁsﬁ’ > of -
claim 36, wherein said. b £l 0 0 Gl : GnP WHydrogen teroxide b2 Wea.
-wei ght percent of a%bl(a;ﬂ %&Hg?ggpa%dygqgﬁ%ﬁ%@n%g% t t)htyaboggt 1%2. 0 wei ght
per cent urea hypydiegénh peosgide;de. 38. A chem cal nechanical polishing
Slurry conposition conprisi ng: from1l.0 to 15.0 wei _ghtxelber.ce t of an
al um . abr asi ve hafiompbeup8Aitp @beutf.QNieight peregnt ammompm Oxglale; Ay on and
surface area rangi ng fr?m 1% nmMerr]/g to 250 nferr]/g; from0.3 to 12.0
wei ght percent urea ‘F‘WWB " per oxi de; - fromO0.5 to 3.0 weight percent a
tartaric acid;, and from0.01 to 0.2 weight percent benzotriazole, the
‘conposition having a pH of from 7.2 to 9.0. . . )

: 34.  The composition of claims 32 or 33, wherein the benzotriazole is present in

an amount ranging from about 0.01 to about 0.2 weight percent.
10 |

35.  The composition of claims 32-34, wherein the abrasive is alumina.

36. - A chemical mechanical polishing slurry composition comprising:
an abrasive; '
15 o _ urea hydrogen peroxide; |
-from about 0.5 to about 3.0 Weight percent ammonium oxalate; and

from about 0.01 to about 0.2 weight percent benzotriazole.

37. . The composition of claim 36, wherein said composition includes from about -
. 20 : 1.0 to about 15.0 weight percent of an alumina abrasive and from about 0.3

to about 12.0 weight percent urea hydrogen peroxide.

- . 38. A chemical mechanical polishing slurry composition comprising:
from about 1.0 to about IS.O weight percent. of an alumina abrasive;
25.. . _ from about 0.3 to about 12.0 weight percén.t urea hydrogen peroxide;
from about 0.5 to about 3.0 weight percent a tartaric acid; and | _
from about 0.01 to about 0.2 weight percent benzotriazole, the composition
having a pH of from about 4.0 and 9.0. - |

30 . . 39. The composition of claims 1-4, 6-7 or 9-38, which further includes at least

one surfactant. e
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- 28 - 39. The co ,"'m"'EMﬁtE'rm 1-4, 6-7 or 9-38, which further
Includes 40. A nethod for p d'ﬁﬁ &
substrate‘ﬁ{)a%[? ng at , | ayer conpri sing th)‘le dgtﬂé%g of :

(a) admi xing the conposition of clains 1-8 or 21-28 and dei oni zed water to

forma cheni cal nechani cal polishingglurry precurseor conposi tion; (b)
adm xi ng the precursor conposition of step (a) w th hydrogen peroxi de to
forma chem cal mechanical polishing slurry conposition; (c) applying

‘thé cheni cal gpchani cakind®! fob BoHahink U M bGPABORELERE &' léab©loné Dinefad 1o |
substrate; and (d) renoving at” | east a portion of the netal |ayer fromthe

substrate by bri ngicompssipgdthe stepsrifo cont act Wi t h the substrate and novi ng
t he padinrelatio to, the substrate., The _netho Ial erein-
t he hydrogen per oxi EDeaQSY“"g‘Ee‘E PB‘PW%“%H?%‘@H‘S\A}‘? ﬂﬁh %‘EG‘FE‘BW”“ 0
conposition of step (ﬁ)nc]? M{r fioh0 1

nol e of hydrogen per oxi Zéton{zii‘g‘?)kl}%c‘g s&o guré@é}ﬂg&g out rd#o ﬁo’l es of
hydrogen = peroxi ¢b) admitihg the pricinaor Eamnpaitionsifistep (a) withhiydrigen peropidesbng

the steps of: (a) appl ying.the chenical mechanical polishing slurry
conposi tion of cl ai nsfosmzbchegical mechanigebpalishing shiey: commesition] ) “r enpvi ng at

| east a portion. of th
into con!toact W th t(%j]ggp[@égkhaetcg%gmi rmw%‘g&t ﬁ(glps %iu(?np qrﬁéés@ﬁm?cg‘s?woﬁﬁ
substrat e. 43. The tphBetbstrateshad ™ 40- 42, wherein the substrate includes

a copper alloy containing: | ayer. -
"(d) removing at least a portion of the metal layer from the substrate by

10 _ bringing a pad into contact with the substrate and moving the pad in

relation to the substrate..

41.  The method of claim 40,"- wherein the hydrogen peroxide of step (b) is
" admixed with the precursor composition of step (a) at a ratio from about 0.75
15 ' moles of urea to 1 mole of hydrogen peroxide to about 2' moles of urea to

about 1.0 moles of hydrogen peroxide.

42, A method for pohshmg a substrate comprising the steps of:
_ (a) applying the chemical mechanical pohshmg slurry composmon of claims
20 | 9-39 to the substrate; and |
(b) removing at least a portion of the metal layer from the suhstrate by
bringing a pad into contact with the substrate and moving the pad in
relation to the substrate. '

25 - - 43. . The method of claims 40-42 wherem the substrate includes a copper alloy

containing layer

44 The method of claim 40-43, wherein the substrate further includes a titanium
and titanium nitride layer wherein at least a portion of the titanium and

30 - titantum nitride layer is removed.
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~ 29 - 44. The rre 43, wherein the substrate: further

“i-ncl udes wotoseu2s UM mjnm{lunmmulmh tri de layer wherei n BRCT/US9H22285 -
portion of the titani*fumtand t¥taniumnitrid | ayer is reénoved. 45. The
met hod of clains 40-44, wherein the chem cal mechani cal polishing sturry

conposition is applied to the pad bef oréthe pad is pl-aced into contact

with the ‘substrate. 46. A chem cal mechani cal polishing conposition
mul.ti - package system conpri sing: a first container corrprl Si n? t he
corposi ti on of45| aiFhe methask of claigs 40-41 b\)vhgregetlmahmmla

hydr ogen peroxi de. 47. A c em cal | cal |t|on
mul ti - package syst eWEb 18 appléregftoatﬂp Pgtb E}?ﬂm@r‘g ﬂ%%mtﬂé:ogtaf. Fi m

form ng agent and awﬁpfﬂysqﬁgweagent (b) a second cont ai ner conpri sing
an oxidi zi ng agent; and (c) an abrasive located in a container selected
fromthe group consisting of the first cont ai ner, the second

t third
cont ai s Or g tNA ?18rrrﬁc " echanical polishing composition multl-package system

comprising:
: (a)' a first container comprising the composition of claims 1-8 or 21-28;

(b) a second container comprising hydrogen peroxide.

10 47. A chemical mechanical pohshmg composmon multi-package system
comprising;
(a) a first container including a film forming agént and a complexing agent;
(b) a second container compri'sing an oxidizing agent; and
'(c) an abrasive located in a container. selected from the group consisting 6f

15 the first container, the Sebond container, or a third container.
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