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BACKGROUND OF THE' | NVENTI ON 1. Field of the Invention This invention
concerns a chem cal mechanical polishing conposition including at | east one
oxi dizer and a catalyst. The chem cal mechanical polishingd& bdsion is
10 usYRP2#Bne or in conmbination with other chenical’s and abrasives
for polishing netal layers and thin-filnms associated with sem conduct or
manuf acturing. More particularly this inveption concerns a chenmi ca
mechani cal polishing slurry that is especially adapted for polishing
multiple netal layers and thin-filnms where one of the layers or filnms is
conpri sed of tungsten and another |ayer gfrfg@in filmis conprised of
titaniumor a 15 titaniumcontaining alloy such as titaniumnitride.
This invention also concerns a chem cal mechanical polishing conposition

i ncluding at | east one gl RRYPUSTHHA , qgla?dpeast one
stabilizer. Finally, ﬁﬁyﬁ?}@?ﬂ%@?‘;‘% es ftilo a c g%kclg? nechani cal

pol i shing precursor conposition which nay be |ater m xed at the point of
use With an oxidizing agent. 20 g4ckGROIND BF PAE ated Art
Integratesd circuits are nmade up %é‘r%ﬁ’l ons of actrve devices formed in or
on a silicon substrate. The active devices, which are initially isolated
from one anot her, ar nited to formfunctional circuits and conponents.
The devices arelint el’r%ﬁlarﬁé}&‘idlé’d%“ t hrough the use of well-known

mul tilevel interconnggd inQéition BRI dhemichiatechirical polisking Compvaitiby indladiag a

first layer of netallization, an interconngection |ayer, second l.evel of
metal | i zation, atlenstoneeaxidizes apd 3 Ratplysta °§§5§@3 max c@\p@ﬁ@n}gf composition is

metal lizgrion. |akecl 6yel indioplvfaliod fih DHEh cRnichAPAd 2BRGiveY P PEKhE Inetadn
dioxide (SiJerr], are used to electrically isolate the different |evels of
metal | i zati on i layas sed thirefitms @hsotiated evith sepidopductus anaapfagturing: sMorgparticularly

oo of matal |1 70 fvation GrEithyd SERRARABHhLAROLTHE Gy i PRl Ry 7e

herein by ref er fingelishing multiple metal layers and thin-films where one of the layers or films is

comprised of tungsten and another layer or thin film is comprised of titanium or a
15 titanium containing alloy such as titanium nitride. This invention also concerns a
chemical mechanical polishing composition including at least one oxidizer, at least
one catalyst, and at least one stabilizer. Finally, this invention relates to a chemical
mechanical polishing precursor composition which may be later mixed at the point of
use with an oxidizing agent.
20
2. Description of the Related Art
Integrated circuits are made up of millions of active devices formed in or on 2
silicon substrate. The active devices, which are initially isolated from one another, are
united to form functional circuits and components. The devices are interconnected
25 through the use of well-known multilevel interconnections. Interconnection structures
normally have a first layer of metallization, an interconnection layer, a second level of
metallization, and sometimes a third and subsequent levels of metallization. Interlevel
dielectrics such as doped and undoped silicon dioxide (Si0,), are used to electrically
isolate the different levels of metallization in a silicon substrate or well. The electrical
30 connections between different interconnection levels are made through the use of
metallized vias. U.S. Patent No. 4,789,648, which is incorporated herein by reference,



-2- describes a nethod for preparing nultiple netallized | ayers and

metal lized vi‘as in insulator films. In a simlar manner, netal contacts
are used to formelectrical connections between interconnection |evels and
devi ces for wel |l . The nmetal vias and contacts are filled
W th tungstenﬁgghga" enerally enpl oy an adhesion | ayer 5 r&?)%g}?hdsgs
titaniumnitride (TiN) and/or titaniumto adhere a netal |ayer such as a
tungsten nmetal layer to SiJerr]. At the cgntact |evel, the adhesion |ayer
acts as a diffusion barrier to prevent tungsten and Slqerr] from reacting.
I n one sem conductor manufacturing process, netallized vias or contacts are
formed by a bla n I C cal
polish 10 @%% Lés?’g%. gl%?yp ?!Bg%o@égggze@w%mhgﬂgne?}léﬂgﬁ??
through an int eisdated fitthel eIotalscm(aermtro etalecontacin care jused 10 fasm electtical o

sem conduct or substra Next [ dhe5| n.l [ ch Lt an
nitride and/ or F‘?"E’%‘f’ﬁ‘ﬁ*%"ﬁ%@@ § '"—"} SY%W’ ?/vé‘?eg%(oﬁ’@quﬁlﬁ %@g #gn%ﬁ;!gg% ed
into the etchedand enbek are donerally ﬁuwmsmmm dnthgeserdilly @iiphly lednsiohdgyepver
the adhesion layer and into the via. The position 1s continued until the

via hole $s fil Bush ag_gmmum nitridg €N} andds tt'@’?‘mrF‘Pﬁ‘ﬁheF"ya "’Fﬁb’aﬁé\i‘%’s“s AMDEPLER <
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Processes for manu LD s ar .
Pat ent Nos. 4, Giiﬂayﬁiﬁmngsﬂ:n&wsmﬁmmmame 836. In a typical cherri cal

mechani cal polishing process subs a e is . pla C Q

with a rotating poli h?'??gse %’"&5&%5 é‘? 508% l?lgr%%’?eﬂéfgg %@Fm

backsi de of thefgmbsbyad Slanke rirpgtei hlepc@iﬁbﬂl Fhtiowgd myacemncal hmcmﬁalamsn abI e
are rotated while a dowmnward force is nm r]tal ned a %be sg?aerate
back An ibr asi %M&mhmmqayv%bﬂwéomﬁm o wiprievet dieleette ¢ o as

"slurry” is d témer &u&m %ﬂtslarsemw&bﬁmme Thextsh%ﬁxcmeabﬂlates

the pol i shing process emca y reacting with the film bei ng pol i shed.
The polishing pilayeresigh asu&mumlnxméw/mwmwmea@mlbh@rmqbover the ILBapdrient of

the pad rel atlyg %ﬂt hetﬁ @;ri‘iagh‘?ﬁ : ?’{graym mﬂrﬁ%'lgﬁﬂiﬂ{?‘?dﬁgﬂtﬁ’%@&rtﬁ ad

i nterface. Poli unti Ired f1'Imon
the insul ator i sdiesiomlaget. and o selvia.y The dipositidn i rontimeainuntihhe visdde & didledr i n

the CWP st De d h f .th
and ot ner uaef uMHAGURRY o S, 45 Clor i) smeved by PR et sl BUBHAE oo

to provide effegtips 1@%dn8ﬁb:ﬂlgvibp [PRdcadses ﬁqyeﬁaﬁuta@m:dfgsana@d qMP iosLDY drét es
while mnim zi ng surface inperfections, defects, corrosion, and erosion.
isclosed in U.S. Patent Nos. 4,671, 351 4,910,155 "and 4,944,836.

In a typical chemical mechanical polishing process, the substrate is placed in

direct contact with a rotating polishing pad. A carrier applies pressure against the
20 backside of the substrate. During the polishing process, the pad and table are rotated
while a downward force is maintained against the substrate back. An abrasive and
chemically reactive solution, commonly referred to as a "slurry” is deposited onto 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
25 movement of the pad relative to the substrate as slurry is provided to the wafer/pad
interface. Polishing is continued in this manner until the desired film on the insulator is
removed.
The shurry 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
30 slurry can be tailored to provide effective polishing to metal layers at desired polishing

rates while minimizing surface imperfections, defects, corrosion, and erosion.



-3 - Furthernore, the polishing slurry may be used to provide controlled
polishing selectivities to other thin-filmmaterials used in current
integrated circuit technology such as titanium titaniumnitride and the
like. Typically VP polishing slurries contain an abrasiveqRi6H s  such
as silica or M2408 " 5 njna, suspended in an oxidizing, agueous nedi um
For exanple, U S. patent No. 5,244,523 to Yu et al. reports a slurry
contai ni ng al um na, hydrogen peroxide, and;either potassiumor ammonium
hydr oxi de that is useful to renove tungsten at predictable rates with
little renoval of the underlying insulating layer. U S. Patent 5,209,816 to
Yu et al. discl I r kg e h i ' e xi de
and a solid abrglgﬁ@eetﬁi%’ the )ﬁOG%e?llﬁg?g?’ﬂegﬁ g%ge%ugﬁvnggiﬁ%%sgmgg?gnt
5, 340, 370 t o Cadélentivitiestto Bthet thin-filingudtesialsised in gureent integratadicirtnitigchoplogy such

conprising approximately Q. M pot assi ferricyani de, approximately 5

wei ght per cent & iy %"%Pﬁ‘%“&%ﬁ%ﬁ&me. Acetic acid is added to buffer

the pH at approxi mat Wca_ﬁy@MP\?@ishi@é slubrées Coritais Ak yrastveamatertill esuiVR silicaiot i es
o]

contain | arge concentrations, di ssolved, ionic netallic cqonponents. As a
resul t, tHhe pol ialwien, sypdpdiinean oxidizings REURBUCBRIMG FioF SxARle. thhe- BRIV N i on

of charged speciseﬁmﬁ?ﬁ £ Y& af. %ggﬁofﬁmw GhERGHRE hm?&oé;eﬂrabef&ﬁé,%ﬂ et

change the el ecttical” properti 3evi ces at gate nd contacts and
change the di el gotassium grappamiunebydodxidetieat §i Wl to]retempaungstem hicpredictiblengss nay

d th | i ahpl.j f I nt.edrat. | |t 40t f , It
e e £l abloieRhal O BBV ARG B 1.8 bl 1 o BRSI R,
R e e e T
di fficul t®t o polm%ia’tiﬁé“?%}’r‘?ﬁ‘ést‘éﬁm&‘c Q&n%‘ﬁ“‘gﬁgéﬁfﬂa S ﬁ%ﬁ‘&f%aﬁseﬁﬁst be
lengthened 10 T giauign tdfishingS Sludry %ﬁx%riﬁﬁ% taprosifiely DA t pRASHA nfehﬂﬁfogﬁde,

Lengt heni ng the polishing step exposes 1ayers, such as SiJerr],

over pol i shi ng argproximatelyes Weighttieecentr iticr gnd potassium acetatph Acatic aeidds agdedde | t
nore difficult rd i € } on | ines during subsequent

phot ol it hographt&gg&edﬂ)@}ll%gg a%"”%%iyﬁ'% nunber of wafer failures. In

addi tion, |engthenedMosd ofsthe regrrattly pavailabld UCMPt sheri¢shcantaih pange aincentratios of

Fabricatign plant 309, lhe" masif: fiosRt R! a w6 Philshdisubstates can become
contaminated by the adsorption of charged species into the interlayers. These species can
migrate and change (he electrical properties of the devices at gates and contacts and
change the dielectric properties of the SiO, layers. These changes may reduce the

reliability of the integrated circuits with time. Therefore, it is desirable to expose the
20 wafer only to high purity chemicals with very low concentrations of mobile metallic ions.
Known, non-metallic oxidizers suffer from typically low tungsten polishing rates.
Because it is difficult to polish the tungsten at a high rate, the polishing step must be
lengthened to remove the last traces of the deposited tungsten layer. Lengthening the
polishing step exposes layers, such as Si0,, to overpolishing and to undesireable erosion.
25 This erosion makes it more difficult to print high resolution lines during subsequent
photolithography steps increasing the number of wafer failures. In addition, lengthened
polishing steps reduce the throughput of an IC fabrication plant and increase the cost of
the resulting IC.
A new CMP slurry is, therefore, required that is both essentially free of potential
30 integrated circuit contaminants and that polishes at high rates. In addition, a new CMP



A new CVWP slurry is, therefore, required that is both essentially free of
potential 30° Integrated circuit contam nants and that polishes at
high rates. In addition, a new CWP -4 - slurry and conposition is needed

that remai nsygfabbfgand active long after the conpositionspafgseybstssy 1S
prepared. SUIVIVARY%: THE I NVENTION 5 The present invention Is d‘ﬁr ected to a

singl e chem cal nechani cal polishing conposition that is essentially netal
free in that it will generally include |essg than about 3000 ppm of netals
or netal ions. Such a netal free chem cal mechanical polishing conposition
wi || produce polished substrates with fewer defects that are generally 10

attributed to tRReir &fieBsfpdRition ek aﬁe‘éde%nﬂaaff%rﬁimsc @ﬁ&lenarﬂaaétfve' Bnd-Rer the
slurries. In addition, the chem cal nechani cal polishing conposition of

this invention |cgm@s§it@n&@d|§brrvmrcmrp§st en, titanium and titaniumnitride
| ayers at high rates. This invention is aI so a chem cal nechani cal
pol i shing conposition that presents fewer disposal problens due to its very

| ow netal s content. 15 SUMMAR ¥ 0F THRINVENTIONvVention is a

state-of-the-art chem cal nechani cal polishing conposition that is able to
pol i sh tuﬁgsten at very high rates with mnimal inpurity defects and that

can be easily di sposgge gfeseiiGivent6nlis décted Y8 RInbRNcHeSicRl HEckan ki
mechani cal poli shing, sl grry and .conposi tion thatng%as a | ong shlg??ﬁzr&@g 20

Anot her aspect &Pmpafitionithpy dspssegHallygnetal five in tat it willgeaerelyninclpds lesstthanpboit
D SO QTP O308G B of Feral i BeclTof! Sich & FheAOREH ol ReliBhitl (ERiR"

with an oxidizing agent prior to use to give a us
Fur t her nor e, t hicempasitiontwid rproducdi ;mésheé chubstrates twithd fewfeo rdefastis rthatt ahe gehezattycal

i T e AL
enbodi nent, this i nvindddition, the ahaﬁmtm&aﬁaaﬁﬂ%ﬁhﬁgﬁbormbxhsﬁbﬂﬂuscﬁ%ﬁsﬂ isi on
conprising an oxdi2botth AdEHn, Bhmudl andidmmurs miride Toyatost high patend M 1P e

This invention is also a chemical mechanical polishing composition that presents
fewer disposal problems due to its very low metals content.

15 In addition, this invention is a state-of-the-art chemical mechanical polishing
composition that is able to polish tungsten at very bigh rates with minimal impurity
defects and that can be easily disposed of once used.

This invention is also a chemical mechanical polishing slurry and composition
that has a long shelf life.

20 Another aspect of this invention is a chemical mechanical polishing precursor
composition that lacks an oxidizing agent and is later combined with an oxidizing agent
prior to use to give a useful CMP slurry. |

Furthermore, this invention is directed to methods for using the chemical
mechanical polishing composition of this invention in a slurry to polish a plurality of

25 metal layers in an intcgrated circuit.

In one embodiment, this invention is a chemical mechanical polishing
composition comprising an oxidizing agent and at least one catalyst having multiple
oxidation states.

In another embodiment, this invention is a chemical mechanical polishing

30 slurry comprising an abrasive, ferric nitrate, and from about 1.0 to about 10.0

weight percent of an oxidizing agent selected from the group consisting of hydrogen



oxi dation states. In another enbodiment, this invention is a chem cal
mechani cal polishing 30 slurry conprising an abrasive, ferric
nitrate, and fromabout 1.0 to about 10.0 wei ght percent of an oxi di zi ng
agent sel ect the group consi sting of hydrogen - e and
rmnopersulfa\gg %Mégn the oxi di zing agent is hydrogen perOX| e, %% t he
slurry includes fromabout 0.01 to about 0.05 weight percent ferric
nitrate. Wen the oxidizing agent is nonopegrsulfate, then the slurry
includes fromo0.1 to about 0.5 weight percént ferric nitrate. 5

I n anot her enbodinent, this invention is a chem cal mechanical conposition
Including at le g of at
| east one cat al xxﬁggncﬁﬁbﬁ‘iﬁétsﬂﬂ?tg ;ng}ie qugﬁgg ngta %Hg%%aﬁg?éeﬁgg (E)h‘tégn
stabilizer. Themeosm\nﬁnmalms |fmmb¢utLQ;ef &b about QM5 lmighoqbsrcémrfepwl nigrhteng

substrates corrp'sin tU. sten. In sti th nbod this | vention
is a method for i agﬁ‘gﬁ?"m 18 m@m%@% tg‘?“nﬁ\e “H’gl nl{"a‘fseg éo net al
| ayer, conpri si Qg)ugbg §é@}{l§c@£mg‘éﬁﬁqﬁﬁﬂg CWP slurry by adm xi ng at I east
one abrasive, at |east one oxidizing agent, at |east one catalyst having

mul ti pl e xi dati on shzanethemembegimenni thisiinygntion is aghamical meclpRak ¢ampositions
applied to the ﬁl'dﬂlﬁ{%lgaatt? asta(gxg, c% diing?%cn@aﬁ)fég Pn . u&fof m%loﬁ Ef%fsq ohcaS

renmoved fromthe subsStra 0 con
substrate. In ttislys rhh\adg mample ¢xGdation states endChfHesst eneistabilizexc oTossntposition

descri bed herein nay a et .anot her errbodl nent, this
invention is a W%Bsef‘arm g@fﬁj ﬁhﬂé‘ %rgﬂﬁgg’lgéi’t@“?tﬁ%?%‘ g J0gStRy st en | ayer .
The method is acconpin sdlE@n&terPEAbRIimed, i Nentiol iy abiedolrifyd aaxsﬁrngna about
1.0 to about 15.0 weight percent si lica. fromabout 0.01 to about 1

wei ght pétcent pubstrate, inpludiag at least one mewlilayer, somprising e stepsoofcpromring Cad
wei ght per cent @t’ ?% %Q?Ic%ﬂed% agf'alsfvgt Sedst Qﬂa bhg; %%ﬁ@atc&”ﬂs%hé‘g of
e nopers n e

hydr ogen peroxi de, ates a M Xt Ures ther eor dei onl zed
wat er. Next, theataijpsiadiag nmﬁqﬁmmﬂi@ionptates shd dgomzedmaym sNapphe EMP shurtyhe

substrate, and at rtion ste a s remved fromthe
substrate by br fsﬁpﬁ%stg tﬁ%@’%ﬁtﬁ‘t‘% %’grﬁt ;%fet fnthg ﬂi%ﬁ llaé'Fr lsé?fﬂovﬁg\ffoﬁb t he
pad in rel ati ontheGubdi@teshyisringiigea pad into contact w1th the substrate. 1In this embodiment,

15 the CMP precursor composition described herein may also be utilized.

=i/

In yet another embodiment, this invention is a method for polishing a
substrate including a tungsten layer. The method is accomplished by preparing a
CMP slurry by admixing from about 1.0 to about 15.0 weight percent silica, from
about 0.01 to about 1.0 weight percent ferric nitrate, from about 0.50 to about 10.0
20 weight percent of an oxidizing agent selected from the group consisting of hydrogen
peroxide, monopersulfates and mixtures thereof, and deionized water. Next, the
chemical mechanical polishing slhurry is applied to the substrate, and at least a portion
of the tungsten layer is removed from the substrate by bringing a pad into contact
with the substrate and moving the pad in relation to the substrate.
25 Also disclosed is a multi-package system useful for preparing a chemical
mechanical polishing slurry. The multiple package system includes a first container
comprising at least one oxidizing agent and a second container comprising at least

one catalyst having multiple oxidation states.

30



25 : Al so disclosed is a nmulti-package system useful for
preparing a chem cal mechanical polishing slurry. The multipl e package
systemincludes a first container conprising at |east one oxidizi ng agent
and a second container conprising at |east one catal yst th pl e
oxi dati on st @234 - 6- DESCRI PTI ON OF THE CURRENT E The
present invention relates to a chem cal nechani cal polishing conposition
that conprises at |east one oxidizer and at. | east one catal yst that
pronotes a chem cal 5 reaction betvvegn the oxidizer and a substrate
metal |ayer. The chem cal nechani cal polishing conposition is used to
polish at | east one net aﬁw NSO | ected from
the group including sili v%ﬁl{)}%es GaAs
substrates, and other substrates associated with integrated circuits, thin

films, multiple | evel sem conductors, and e

cheni cal 10 - medhamrest myspsanelatss & ﬁmﬁ’?‘“ﬁ‘? mteﬁt?ag%?a{%'ﬁ#f‘%ﬁmﬂ%‘?%g@en
found to exhi bity, ﬁJgh?é&%tl@Qécbﬁ%ﬁM%& Qr IBRNER cteRt hasstoinBted 8 lchéiica
substrate incl ud| ng one or nore |ayers of tungsten, titanium and titanium

nitride i a si rghasiosbetweemtheoxidizer and msubsteajemetghiaysre aTherghiemical meghanical
pol i shing process ef or r. t f r r red
Crbodi mont & of ¢ A SopGSRREE thedthe! MRS Bkl sl 1aleP ds e iy
herein will be dabitres selddia (fﬂtbmlteagroﬂrpmhdudmglsxlmonrrmbsutate@ﬁ"l‘l’ﬂé}f.@]asglass t he

conbi nati on conprising of at Ieast e oxi di.zer and, at as cat al yst
that may be usedSUDHTAEHOafs FYbSHRES gﬂer ﬁﬁ%@@sm’&wfjdm&em areyis, ?/mre

layers of metal {l]'nfrpmn% mﬂlﬁw@leeclls%mnm |dnd Shadf@s) 1A harticeRm mb@ﬁamaix
mechani cal polishing sfurry, ("CWVP sl urry"), refers to 20 ... anot her

usef ul pr#duct ometzmwsalmmtnng gurry it this Jhysntiens bas; beencligund & exhipit eagellent|
t ft |
coetur for pol i siiRhg bERrfle ity Hhod ERUCH SRR Hclifling WhE orMiors hfehsy | o

are not limted sotungsen, ammﬁlum,txrrd titaninmf nitrive, ini msipgle astapdl reultipleimetal layer

thin-filns, and f.or i shin other filns, surfaces and substrates
where CMP procesSEd ‘%f@ |P.gﬁ9f‘mgp"°°°“

Before describing the details of the various preferred embodiments of this

15 invention, some of the terms that are used herein will be defined. The “chemical
mechanical composition” refers to the combination comprising of at least one
oxidizer and at least one catalyst that may be used in conjunction with an abrasive
pad to remove one or more layers of metal from a multiple layer metallization.

The term chemical mechanical polishing slurry, (*CMP slurry”), refers to

20 another useful product of this invention that comprises the chemical mechanical
composition of this invention and at least one abrasive. The CMP slurry 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 polishing any other
films, surfaces and substrates where CMP processes are useful.

25 One aspect of this invention is a chemical mechanical composition comprising
an oxidizing agent and catalyst that is useful in oxidizing metal layers in polishing
applications. This chemical mechanical composition is useful when incorporated in a
chemical mechanical polishing slurry to oxidize a metal layer to its corresponding
oxide or ions. For example, the combination can be used to oxidize tungsten to

‘ 30 tungsten oxide, aluminum to aluminum oxide and copper to copper oxide. The

oxidizing agent - catalyst combinations disclosed herein are useful when incorporated



25 One aspect of this invention is a chem cal nechanica
conposi tion conprising an oxidi zing agent and catalyst that is useful in
oxidizing netal layers in polishing applications. This chem cal mechani cal
conposition is useful when incorporated in a chem cal nec ' | i shing
slurry to oxVE®¥#4®% netal layer to its corresponding oxidegrﬁ?gﬁgg For
exanpl e, the conbination can be used to oxidize tungsten to 30

tungsten oxide, alum numto alum num oxi de,and copper to copper oxide. The
oxi di zi ng agent - catal yst conbi nations di scl osed herein are useful when

I ncor por at ed -7 - into a CW slurry or when used alone in conjunction

W th an abrasi Vﬁno“é‘%ﬂl"slﬁf}zi& %Hi‘?h%g%kﬁ@% 5 McriBRWAE AOUBPRNEPag 1 PaltsHdi Ng

tungsten, titanium titaniumnitri copper, aluminumand various m xtures
and conbi nat i onmetalseandometalThased hempanaiits riecliding omgstennijaiimi ditanain niide,

I nvention includes at,|east one 5 . oxidi zing.. at has an

el ect r ocheni cal “9PBE= Al ?“‘@P’é‘ﬁ‘{%}"“% wgﬁurﬁ@deﬁogﬂgglﬂgﬁﬁgtﬁérgéﬁf pot enti al
necessary to oxi di zepfehéhemiaRingeHanicHompysition of dils twerlioniingudtganicaftadneng a
potential of greater than 0.771 volts versus nornal hydrogen el ectrode is

necessar y5 when exidisiog ageps 4hat hasrancelectioghermical peiential Zeegter them thes¢lpgisochesnica
Fe(l'll). If an ggkﬁﬂi ' , hfld Zid ; RG22
potential of grea erﬁﬁ%ﬁ&ﬁ?%id\%ﬁ?ic&%ﬁ@ ﬁpsﬂﬁ%%%g@%ﬁ?\g&gﬁgé

el ectrode is nepasmiat yf groatox thdi D7 TNolty versusCugrina) hydrhgencelgntrodaisi secessatye f or

specific conpl exes only, and cha . | ul L di.z upon
thoe addi tion of “AER BFRRAGHR Heﬂ%ﬁ*i%%ﬁ%*é@‘f%@“&p‘rleéﬁfﬁ’g‘“»’i’gféht‘é %%@Wﬁ’é&r
conposi tions of c4rhplex isnkedt a0oxidizing =it dia#ing @ pemial bfgeief eaald. 153avolts
i norgani ¢ or organi c per-conpound. A, 15 aéger-cp. o§?r‘1‘g as ﬂ fined by
Hawl ey’ s 1Conden¥AensCEmalchydregep elesHagds, is; NECEISEY i) G Herec a§°n?_ §l)at Est
one peroxy gr Ouﬁotg(t@lso?ﬂa R BeHTROMPIExE OSHIRI Bid $hag cHah@ITOR! will el 8sehiighest
oxi dation state. anpl es of "conpounds containing at |east one peroxy group
i ncl ude but ar eoxidizers; wanathe additigrdefoaiditiveesushiag digands (Peraplexing)agestsy i theas
urea hydrogen per.oxi a .bonat es, organi c peroxides such as 20
benzoyl peroxi dg?m%°é$§3%wgggé‘{ég§&énd di -t-butyl peroxide, nonopersulfates
(SO err]), dipersul fTieesxidifihg agdniseprefeyablyaardinorginicror peganic phe-cofipaundl ed of
corrpoundsls cont alpgrl-cr(])%\pggnd as defined by Hawley's Condensed Chemical Dictionary is a
compound containing at least one peroxy group (-0-O-) or a compound containing
an element in its highest oxidation state. Examples of compounds containing at least
one peroxy group include but are not limited to hydrogen peroxide and its adducts
such as urea hydrogen peroxide and percarbonates, organic peroxides such as
20 benzoyl peroxide, peracetic acid, and di-t-butyl peroxide, monopersulfates (SO;7),
dipersulfates (S,0,7), and sodium peroxide. Examples of compounds containing an
element in its highest oxidation state include but are not limited to periodic acid,
periodate salts, perbromic acid, perbromate salts, perchloric acid, perchloric salts,
perboric acid, and perborate salts and permanganates. Examples of non-per
25 compounds that meet the electrochemical potential requirements include but arc not
limited to bromates, chlorates, chromates, iodates, iodic acid, and cerium (V)
compounds such as ammonium cerium nitrate.
The most preferred oxidizing agents are hydrogen peroxide and its adducts,
and monopersulfates. Monopersulfates are compounds which include the oxidizing

30 SO;™ group as shown below:



element in its highest oxidation state include but are not limted to
periodic acid, periodate salts, perbromc acid, perbromate salts,
perchloric acid, perchloric salts, perboric acid, and perborate salts and
per manganat es. Exanpl es of non-per 25 conpounds t hat msgglggss
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group as shown bel ow. where X err] and X2 arc each individually Herr],
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nmonoper sul fates are conbi nations of KHSO err], KHSO err] and K2SO err].
This conbination is knowmn as a triple salt. 10 The oxi di zi ng
agent may be present in the overall chem cal nechanical polishing slurry in
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chosen from metal conpounds ave multiple oxidation states, such as
ut not | i nited polishiag si@ay irCan a@oynt FEengingtfronviabouti,s 1 abows30. Pwveighyper@nt. Ti

and V. Th “oul tiple oxidati
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the result of aabew®.9io st 10.0 weight percent.

The chemical mechanical composition of this invention includes at least one

15 catalyst. The purpose of the catalyst is to transfer electrons from the metal being
oxidized to the oxidizer (or analogously to transfer electrochemical current from the

oxidizer to the metal). The catalyst or catalysts chosen may be metallic, non-

metallic, or a combination thereof and the catalyst must be able to shuffle electrons
efficiently and rapidly between the oxidizer and metal substrate surface. Preferably,

20 the catalyst is chosen from metal compounds that have multiple oxidation states, such
as but not limited to Ag, Co, Cr, Cu, Fe, Mo, Mn, Nb, Ni, Os, Pd, Ru, Sn, Ti and

V. The term “multiple oxidation states” refers to an atom and/or compound that has

a valence number that is capable of being augmented as the result of a loss of one or

more negative charges in the form of electrons. Most preferred metal catalysts are

25 compoundé of Ag, Cu and Fe and mixtures thereof. Especially preferred are iron
catalysts such as but not limited to inorganic salts of iron, such as iron (I or III)

nitrate, iron (II or III) sulfate, iron (Il or III) halides, including fluorides, chlorides,

bromides, and iodides, as well as perchlorates, perbromates and periodates, and



nore negative charges in the formof electrons. Mdst preferred netal
catal ysts are 25 conpounds of Ag, Cu and Fe and m xtures thereof.
Especially preferred are iron catalysts such as but not limted to

inorganic salts of jron, such as iron (Il or Ill) nitrate or I11)
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sulfate, i roW°9F’F3 8 1 I) hal i des, including fluorides,
brom des, and |od| des, as well as perchlorates, perbromat es and peri odates,
and -9- ferric organic iron (Il or 11l),compounds such as but not

limted to acetates, acetylacetonates, ciffates, gluconates, oxal ates,
pht hal at es, and succi nates, and m xtures thereof. The catal yst may be
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oxi di zi ng agent flefLsbout B2 NotabEuty.63 el gﬁﬂp&&n@' ZAth@isagtefRired) LA StE1Ba OXI de
is used in conbination with a preferred catal yst such as ferrlc nitra

the catalyst wi lqvelpi-&f&Pweishperserior fpss.iand Mhen %a@ﬁa@swlwﬁldmmaazememt
a0l 1 L1 o DayfhoiP skt O AboEF Sob BB R o 10
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(approxi mately 70 toTbanbuk4SOcpsipstFa he chemithl @Rphanical composition of this
15 invention may be varied depending_ upon the oxidizing agent used. When the
preferred oxidizing agent hydrogen peroxide is used in combination with a preferred
catalyst such as ferric nitrate, the catalyst will preferably be present in the
composition in an amount ranging from about 0.005 to about 0.20 weight percent
{(approximately 7 to 280 ppm Fe in solution). When the preferred oxidizing agent is
20 a triple salt of monopersulfate and a preferred catalyst such as ferric nitrate is used,
the catalyst will preferably be present in the composition in an amount ranging from
about 0.05 to about 1.0 weight percent (approximately 70 to about 1400 ppm Fe in
solution).
The concentration ranges of catalyst in the chemical mechanical polishing
25 slurry of this invention are generally reported as a weight percent of the entire
compound. The use of high molecular weight metal containing compounds that
comprise only a small percentage by weight of catalyst is well within the scope of
catalysts in this invention. The term catalyst when used herein also encompasses
compounds wherein the catalytic metal comprises less than 10% by weight of the
30 metal in the composition and wherein the metal catalyst concentration in the CMP
slurry is from about 2 to about 3000 ppm of the overall slurry weight.



The concentration ranges of catalyst in the chem cal nmechanical polishing
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skilled in the oXl asives ¢ roduced usi ng any hi
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For exanple, the production of funed netal oxides is a wel]-known process
whi ch i nv8l ves ®rsessyeuch| gssisel-gal, diydrothsrmaals qdasmpoProcesinF P waesse?s h as
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oxygen. Ml ten g‘%ﬁ‘{‘iﬁé e ?F&rmodag)ﬁ@igﬁ%ﬁeri (]:é}?hd&apes‘ aHrHé’ formed ixn thg
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paraneters. These .t en he of ) Sk ' | y
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di mensi onal chain-|i ke aqggregates. The for¢ce necessar 0 break
15 {such as alumqgum %hloride for an alum?na abras:eve) ?n X f{ame ofe l?ydrogen and

oxygén. Molten particles of roughly spherical shapes are formed in the combustion
process, the diameters of which are varied through process parameters. These
molten spheres of alumina or similar oxide, typically referred to as primary particles,
fuse with one another by undergoing collisions at their contact points to form
20 branched, three dimensional chain-like aggregates. The force necessary to break
aggregates is considerable and often considered irreversible. During cooling and
collecting, the aggregates undergo further collision that may result in some
mechanical entanglement to form agglomerates. Agglomerates are thought to be
loosely held together by van der Waals forces and can be reversed, ie., de-
25 agglomerated, by proper dispersion in a suitable media.

Precipitated abrasives may be manufactured by conventional techniques such
as by coagulation of the desired particles from an aqueous medium under the
influence of high salt concentrations, acids or other coagulants. The particles are
filtered, washed, dried and separated from residues of other reaction products by

30 conventional techniques known to those skilled in the art.
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area of the aggiggrhfg, P marks, divots and other surface imperfections during polishing. The
15 aggregate sizc distribution in the present invention may be determined utilizing
known techniques such as transmission electron microscopy (TEM). The mean
aggregate diameter refers to the average equivalent spherical diameter when using
TEM image analysis, i.e., based on the cross-sectional area of the aggregate. By
force is meant that either the surface potential or the hydration force of the metal
20 oxide particles must be sufficient to repel and overcome the van der Waals attractive
forces between the particles.
In another preferred embodiment, the metal oxide abrasive may consist of
discrete, individual metal oxide particles having a primary particle diameter less than
- 0.4 micron {400nm) and a surface area ranging from about 10 m*/g to about 250
25 m?/g.
It is preferred that the metal oxide abrasive is silica having a surface area of
from about 120m?*/g to about 200m*/g. |
Preferably, the metal oxide abrasive is incorporated into the aqueous medium
of the polishing slurry as a concentrated aqueous dispersion of metal oxides, which
30 concentrated aqueous dispersion of metal oxide abrasives typically ranges from about
3% to about 45% solids, and preferably between 10% and 20% solids. The aqueous
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stabilizers. For this reason, the CMP composition and slurries of this invention may

15 include a stabilizer. Without the stabilizer, the catalyst and the oxidizing agent may
react in a manner that degrades the oxidizing agent rapidly over time. The addition
of a stabilizer to compositions of this invention reduces the effectiveness of the
catalyst. Therefore the choice of the type and amount of stabilizer added to the
composition is important and has a significant impact on CMP performance.

20 The addition of a stabilizer to the compositions and slurries of this invention
is presently understood to create a stabilizer/catalyst complex that inhibits the catalyst
from reacting with the oxidizing agent. For purpose of this disclosure the term
“product of the mixture of at least one catalyst having multiple oxidation states and
at least one stabilizer” refers to an admixture of both ingredients as used in a

25 composition and slurry whether or not the combination of ingredients forms a
complex in the end product.

Useful stabilizers include phosphoric acid, organic acids {(e.g., adipic, citric,
malonic, orthophthalic, and EDTA), phosphonate compounds, nitriles and other
ligands which bind to the metal and reduce its reactivity toward hydrogen peroxide

30 decomposition and mixture thereof. The acid stabilizers may be used in their

conjugate form, e.g., the carboxylate can be used instead of the carboxylic acid. For
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15 catalyst to about 3.0 weight percent phthalic acid, and the combination of from about

0 eqﬁivalems per catalyst to about 3 equivalents per catalyst oxalic acid and from
about 0.2 to about 1.0 weight percent adipic acid.

The chemical mechanical polishing oompbsition of this invention has been
found to have a high wngsten (W) polishing rate as well as good polishing rates

20 towards titanium (Ti). In addition, the chemical mechanical polishing composition
exhibits desirable low polishing rates towards the dielectric insulating layer.

The composition of this invention may be produced using any techniques
known to those skilled in the art. In one method, the oxidizing agent and catalyst are
mixed into the aqueous medium, such as deionized or distilled water, at pre-

25 determined concentrations under low shear conditions until such components are
completely dissolved in the medium. A concentrated dispersion of the metal oxide
abrasive, such as fumed silica, is added to the medium and diluted to the desired
loading level of abrasive in the final CMP sturry. In addition, the catalyst and
additive such as one or more stabilizers, may be added to the slurry by any method

30 that is able to incorporate metal catatytic compounds of this invention in an aqueous

solution.
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the art. |n one prier odombihimgahs chimplexgwith enoxiizihgcagent| spclt ashwiroger @droxideo t he

di h dei oni zed i stilled water, at - 2 .
et erm ned. contds ey oD Y HEing, dar ARt s P&l ofide SatHen
are conpl etely djigsaionas "w}”éainfh?rdiﬁi@is&mli_z& SRERU OO )i saking A @talyshe

metal oxide abrasive, sucl fumed silica, is added to the nmedi um and
diluted t& the dwith the @bragise/stabjlizes\dispersiondp giysiavcatalyst/siandlizer aemplenim smaiet v .

In addition, the t . an AAVE) lﬁ?ﬂ : | kyinzer may
be added to the osxfd%”)ﬁégs;l/onéng'hﬁggﬁygygﬁg%%ﬂ g@@é‘ﬁ%ﬁ%&?ﬁc%grtg e
nmet al cat al yti ¢ maspxidedbrasivetihalsminay thes therstabilizemand galysisshowld beiadmixed to - 14-
I n another method, the stabilizer, and catal yst are adm xed to.forma .

conpl ex prior tcfg%ﬁﬁpmpif'é Hﬂﬂé%‘%‘f‘@%%mﬁ’zﬁ ¥ the 'mn%@%west??f‘?nﬁ'ée
hydrogen per oXi dge caldlyst milbeltendeecdanatiecened by admi xing the stabilizer and
a netal oxide abrasive dispersion to give an abrasive/stabjlizer dispersion

fol | owed Wy admi xi ng Thaeompesitignstofghe present ipvention, may he SupRlicd a8 Hme |ppckage
di spersion to gi , y -abi | i hde:
sgﬁcz? i @ﬁéﬁt Sike/ &ﬁ%k hagﬁﬁthgge t&he %éﬁysgeéﬁonﬁxdbgﬁve, an

di spersion. The oxidizing agent Is tot adm’xt ure. en the
met al oxi de abr asptionalialduivestima, stabbee aquebiss stedivim)i 2o axoid possibleyeomposition d be

o e 10 101 B SR oy b W05 N Bt et B

the first package comprises at least one oxidizing agent, and the second package

15 comprises at least one catalyst. Optional components, such as an abrasive and any
optidnal additives may be placed in either the first container, the second container or
in a third container. Furthermore, the components in the first container or second
container may be in dry form while the components in the corresponding container
are in the form of an aqueous dispersion. For example, the first container may

20 comprise an oxidizer, such as hydrogen peroxide, in liquid form while the second
container comprises a catalyst, such a ferric nitrate, in dry form. Aliernately, the
first container may comprise a dry oxidizing agent while the second container may
comprise an aqueous solution of at least one catalyst. Other two-container, and three
or more container combinations of the ingredients of the chemical mechanicai

25 composition and CMP slurry of this invention are within the knowledge of one of
ordinary skill in the art.

Duec to potential concerns about shipping CMP slurries containing oxidizing
agents, and especially where hydrogen peroxide is used, it is preferred that the CMP
composition and CMP slurries of this invention are prepared and packaged as a CMP

30 precursor, shipped to a customer or other point of use, and combined with hydrogen

peroxide or any other oxidizing agent at the designated facility prior to use.



10 The conpositions of the present invention rmay be supplied as
one package system (at | east one oxidizing agent, at |east one catalyst,
optional abrasive, and optional additives in a stable aqueous nmediun). To
avoi d possib ’%& sition degradation, however, it is pr?cgjé(#ggpé%at at

| east a two C g@gsysten1is used where the first packag s at

| east one oxidizing agent, and the second package 15 conpri ses at

| east one catalyst. Optional conponents, such as an abrasive and any
optional additives may be placed in either the first container, the second
container or in a third container. Furthernore, the conponents in the first
contai ner or scehplidon Aiier aa oPfid fySHiin 101 EMIbibridh SofiBARAACRII: |

t he correspondi ng container are in the form of an aqueous di Spersion. For
exanpl e, the fi sBaryceemprising opqyor2@ore ingredientspsdlestedafromx itdi zeup Ecladings

hydr ogen per oxi ' eIy r L t.he second .contai.net conpr.i.ses a
catal yst, such gfr?lg% T %r%ﬂeg’a{ng,s@bﬁﬂﬂéf 3“ AL o aqﬁfcf“glf?fg{ é@?&f%a"fn&’ ng
contai ner nay cagaiti Toe EMIP preoxckati comPosit@ER thewdbhbBinéd Witk CleRd ofOBidikiAgr By

conpri se an aqueous solutiqn of at |east one catalyst. O her two-container,
and t hreedor noREET AP BEER X BYHEESAPETONEe0f the i ngredients of the chenical
mechani cal 25 g%fpgﬁgamg,@g,&}yp itioh s hél iSelhdVaNE i {Ding . i thin
the know edge of one of ordinary skil oloﬁJpﬁx]é art. %}gclitu(f)k %g{)*é%?]f‘glagmw
concerns about $ht pill incheiepthe | preduck ©f dhe cambinatipnoodi el keastgonegetdlyst havidg

especi ally wher - RELOXi ' 1 1...s preferred fhat the CW
conposi tion andWé%ﬁﬁ%x@gﬁr% %%§|A§S‘F%%€§§‘% is%%xha?;e»%l} &ha g@ué\ﬂﬁe FhdiBed as
a CWP 30 Rbresivess OTA. 1mdst [ppefetrddo CMIT Pedcas®r cOifipdditiof M willohdt! indludéiagy and
conbi ned wi th hydrogen peroxj er oxidizing agent at the

d t
desi gnat 88 f aci Pf eGP ¢ ﬂ'gleg‘rclugg-¥'°1%5£9“t'r%@r‘%fab‘?‘§, Oy Weight pepenh sifiedet  of

this invention iomfabbhéd.or BGu6E QIOSGRIND Bérkdn® Fordd WHrRE, o84 WELY 2 CQIIIdNN A9 One
or nore ingredients selected fromthe group including catalysts, abrasives,

and stabi | i zer s SHAYHty abputabiueiralentsner sttelyst of knalnpicagridox iAgi statetyaboye rthe  The
CMP precursor CoERosbhboR s tRenldiel wiaRE BRED p}WE psoﬁgﬁﬁ%%gan ﬂr{ﬁ%é)&ﬁt%%sl»e.ng S
. Apre precursor

agent and preferably hydrogen peroxide erre
conposi ti on does not Aj rsinigled eoramudtt-pabikagen fongmulti-container) chemical mechanical

15 composition or CMP slurry of this invention may be used with any standard
polishing equipment appropriate for use on the desired metal layer of the wafer. The
multi-package system includes one or more CMP components in aqueous or dry
form in two or more containers. The multi-package system is used by combining the
components from the various containers in the desired amounts to give a CMP slurry

20 comprising at least one oxidizing agent, at least one catalyst, and an optional

abrasive in amounts described above.

EXAMPLES

25 We have discovered that a composition including an oxidizer and a catalyst is
capable of polishing a multiple metal layer comprising tungsten and titanium at high
rates while exhibiting an acceptable low polishing rate towards the dielectric layer.

The following examples illustrate preferred embodiments of this invention as

well as preferred methods for using compositions of this invention.
30



but will include the product of the conbination of at |east one catalyst
having nmul ti pke oxidation sites and at | east one stabilizer with or w thout
one or nore abrasives. A nost preferred CVMP precursor conposition will not

i ncl ude any 10 oxi di zing agent and will include fro to
about 7.0 weiWROFM¥Bcent silica, fromabout 0.01 to about "3&@@%%%
percent ferric nitrate, and about 2 equival ents per catalyst to about 15
equi val ents per catalyst of malonic acid. As stated above, the oxidizing
agent is then mxed with the CWP precursor'lé(‘)rrposition at the point of use.
A single or nmulti-package (or multi-container) chem cal nmechanical 15
conposition or CVP slurry of this invenk'ggﬂf]?@( be used with any standard
pol i shi ng equi prent appropriate for use Yesired netal | ayer of the
waf er. The nul ti-package system i ncl udes one or nore CMP conponents in
aqueous or dry formin two or nore containers. The nulti-package systemis
used by conbi ni ng t hePolishingosiuriess wereopreRares PaPigue valpatithvepasformance of dss 1 ed
anounts to give . P Ale) st ixﬁ%@d
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I ncl udi ng an oxidizer and a.catalyst is, capable o olishing,a nmultijple
metal |ayer conpPGFEhheple Hg&k‘@ﬁ“ﬁﬁ@%%ﬁ?‘%ﬁ”ﬁ”ﬁ%&ﬁﬁ"a?& %‘?‘5 KT8 ti ng
an accept abl e | oyue0 b biihghts virE addeias B stahidurdlbithsp@tshing ih AYRF 10 dVaRate the

follow ng exanples 1llustrate preferred enbodiments of this invention as
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performance of t tungsten wa
Per f or manee par adisgersion mamfaniueed Hy Cabot Coipomationdad soldnepdercthe pradénsank €AB-Qt es.

A standard abrasj Lur,ry i ncl.udi n . 0. wel.ght rcen 0J.],0i. L.l Lca
and dei oni zed m$ms‘"‘ﬁ§@8 R0 &F‘g‘"ﬁﬁﬁgf’x@%rﬂﬁoﬁg’“’o% i 8’ étggr?{%hgn’d
cat al ysts were agfiadndi@ddifes.St andard abrasive slurry in order to evaluate
t he

The CMP slurries were applied to chemically-mechanically polish tungsten
blanket wafers having thickness of approximately 8000 A using a SUBA 500/SUBA IV
15 pad stack manufactured by Rodel, Inc. The polishing was performed using a
IPEC/WESTECH 472 CMP tool for one minute at a down force of 5 psi, a slurry flow
rate of 150 ml/min, a table speed of 60 rpm, and a spindle speed of 65 rpm.

EXAMPLE 2
20 _
Five polishing slurries were prepared according to the method of Example 1 to
investigate the effect of the addition of a ferric nitrate catalyst, and/or a hydrogen
peroxide oxidizing agent to a CMP slurry on tungsten rates. Each slurry included 5.0
wt % fumed silica. The concentrations of hydrogen peroxide and ferric nitrate in each
25 slurry are indicated in Table 1.
Table 1
Slurry H,0; wt % Ferric Nitrate wt % | W CMP Rate (A/min)
1 0 0 43
2 0 0.2 291
3 5.0 0 385
4 5.0 0.02 4729
5 5.0 0.05 6214




effect of various CWP slurry conpositions on tungsten polishing rates. The
polishing slurries were prepared by conbi ni ng appropri ate anmounts of SCE
fumed silica-based 10 di spersi on manufactured by Cabot Corporation
and sol d under_ the trademark CAB-0- SPERSE with the recited anmount

oxi di zi ng ag¥R2MB 3| yst, and, if appropriate, additional PEHHTHPEY . The
CWP slurries were applied to chem cally-nechanically polish tungsten

bl anket wafers having thickness of approxi S%tel y 8000 A using a SUBA

500/ SUBA 1V 15 pad stack manufactured by Rodel, Inc. The polishing was
performed using a | PEC/ WESTECH 472 CWP tool for one mnute at a down force
of 5 psi, a slurry flowrate of 150 mM/mn, a table speed of 60 rpm and a
spi ndl e speed of 65 rpm EXAMPLE 2 20 Five polishing slurries were prepared
accordi ng to the net Apchain Exa‘atpibd the coritroV eahplgra{sturtidse]-8¥ fpolish mhgstdneat

addition of a ferric ate cat and/( a . hydrogen peroxide oxidizing
agent to a CWP é‘?atff?%g’ VLIRS elﬁ ﬁé&c@lgr 3@‘?‘; hyg 3&?’&” ﬂ’(‘,‘f’%ﬁl@ﬂe 3%"%&53

funmed silica. ThmoeR$ef Mriahinaisaele fHRVO GRRifing amFaen 26k, f Stufries maﬁdrﬁt ein
each 25 slurry are indicated in Table 1. Tab

ur
H[ err]O[efr] wt however, dmansirate Nhatr when @R ojdizing\agwp audt & cesayym Ate gsed in
291 3 Qombu%atzém, there is a stron% sﬁérggstxc effect that results Qxé étgngsten rates on thg 2

50 ordepof 5000 A/min and greater4 Theadslition of catalytlc amouitsOof ferrlc mtrate to 0. 05

pol i sh tungst en PRroRA el B boiviact M £ % 9B RroHetlol R Wi ogen

per oxi de al one nasultsiapehtet than amm&ra)fﬂfagfhﬂnde increadetin fuingster ratee. achi eve

significant tungsten rates. Slurries 4 and 5, 5 however, denonstrate
that whed®an oxi di zi ng agent and a catalyst are used in
EXAMPLE 3

Five polishing slurries were prepared and tested according to the methods set

forth in Example 1 in order to investigate the effect of the addition of ferric nitrate

15 catalyst and/or monopersulfate oxidizing agent to a CMP slurry on tungsten chemical
mechanical polishing rates. The source of monopersulfate used in this Example is

Oxone® monopersulfate manufactured by DuPont. Oxone® consists of the triple salt:

2KHSO0s - KHS04 - K3S04, and is approximately 50% monopersulfate by weight. Each

slurry included 5.0 wt % fumed silica. The concentrations of ferric nitrate and-

20 monopersulfate in the slurries are set forth in Table 2 befow.
Table 2
Slurry Oxone® wt % Ferric nitrate W CMP Rate
wt % A/min
1 0.0 0.0 43
2 0.0 0.2 291
3 10.0 0.0 264
4 20.0 0.0 413
5 10.0 0.2 3396

As shown in Table 2, the control samples, (slurries 1-4), polish tungsten at
25 unacceptably low rates. Slurry 5, a combination of 5.0 wt. % monopersulfate and 0.2
wt. % ferric nitrate catalyst was able to polish a tungsten layer at a very high rate, once



conbi nation, there is a strong synergistic effect that results in tungsten
rates on the order of 5000 A/mn and greater. The addition of catalytic
anounts of ferric nitrate to hydrogen peroxide (or conversely the addition
of hydrogen peroxide to ferric nitrate) results in greater Hﬁg,g&g or der
of magni t udeWP982¥&ke in tungsten rates. 10 EXAMPLE 3 Fivéw%o TERI g
slurries were prepared and tested according to the nethods set forth in
Exanple 1 in order to investigate the effegt of the addition of ferric
nitrate 15 cat al yst and/ or nonopersul fate oxi di zi ng agent to a CWP
slurry on tungsten chem cal nechani cal polishing rates. The source of

nonoper sul fate used,in this Le.l: ] at:

manuf act ured by ambgﬁ?qns%(tgt ﬁEF egr r ésgtr?l gl%;tgs% ?%?&%1#18% ?%F‘g&gg%%%f%ﬁ%r r]
KHSO[ err] K[ er mjth@h @kidizingagehtitiat Appanoelectratieinjcabfdtentiahgrpaersibirf the otontial

wei ght. Each slurry incl ug,ed 5.0 é\{n % funmed silica. The concentrations of
ferric nitrate BRGSOy to oxidize thecatalySts || fate in the slurries are set forth in

Table 2 below. Table 2 Slurry Oxone[err] w % Ferric
nitrate WCWP Rate wt % Amn 1 0.0

0.0 5 43 2 EXAMMBLE 4 0.2

291 3 10.0 0.0 264 4

20.0 0.0 413 5 10.0 )

0.2 3Bight pliskifwsinrries) cictbinduding virging embuwrss of byvpdges perpsiderr r i es

14), polish tungsien.at. 2 unacce Ly, Lo . I 5 .
conbi nati on of g“‘{)??ﬂf’c n‘%”‘?ﬁ)ﬁ%e?rg?ﬂ"%g?%d)g%%d dcéor%é Elé/oq?eepn %hc%d{]%?trfg’ftg n
catal yst was ablggarhgle POIBasKislfrry inomdEd0 vaye fumdd silich.e Mhe bongbntratioss, of dertie
-18- again denonstrating the s

ynergi stic effect of ¢ i Qi an el ectron
shuf f I i nd®cat al piatagnd hy%rﬁsmem%reﬁ@&ag‘mes iEa f%‘"gﬁaﬁpé’g@?’oc heni cal

potential greater than the potential necessary to oxidize the catalyst.

Table 3
Slurry H,0; wt % Ferric Nitrate W CMP Rate
wt % A/min

] 0.1 0.20 717

2 1.0 0.05 2694
3 2.0 ' 0.02 3019
4 3.0 0.01 2601

5 3.0 0.02 3420
6 3.0 0.05 4781
7 5.0 0.01 3374
8 5.0 0.02 4729
9 5.0 0.05 6214

As shown in Table 3, tungsten polishing rates vary depending upon both the

15 amount of hydrogen peroxide and the amount of ferric nitrate catalyst in the slurry.
Furthermore, the results reported in Table 3 also demonstrate that only a very small

amount of catalyst - 0.05 weight percent or less - is very effective in catalyzing

tungsten polishing using a CMP slurry comprising hydrogen peroxide.
20 EXAMPLE 5

Nine polishing slurries were prepared and tested according to the methods set

forth in Example 1 in order to investigate the effect of varying the amount of ferric



5 EXAMPLE 4 Ei ght polishing slurries,
each including varyi ng anounts of hydrogen peroxide and ferric nitrate were
prepared and tested according to the nmethods set forth in Exanple 1. Each
slurry included 5.0 wt % funed silica. The concentrations ﬁ&mkg#h@% 10
nitrate and MYRIPHIE peroxide in the slurries are set forth in fable 3

below. Table 3 Slurry Herr]derr] vt % Ferric Nitrate
WCW Rate wt % Almn 1 0.1

0. 20 717 2 1o 0. 05

2694 3 2.0 0.02 3019 4

g 82 ' nitratgﬁgéysé and/or monopersu&aqg %Oéog_e@) oxidizing agent in a C’RGQ Blgrry on
‘51731 7 tunggte(r)i Zchen'ﬁic@ mechanical poli??i%gg rzges.o IEach slurry included 5.03\3175 O% fumed
0.05 silicg; > The sencentesians of frris| nitrage apd, mgaensrsulfuse ins the shirnies ase s oy y

dependi ng upon t}Qﬁﬁ'intfﬁ‘Slelﬁoelow. anount of hydrogen peroxi de and the anount
of ferric nitrate catalyst 1n the slurry. Furthernore, the results reported
in Table 3 al so denonstrate that only a very small anmount of catal yst --

0. 05 wei ght percent or less -- is very ef.lfagfetd' ve in catal yzing tungsten
polishing using a CMP slurry conprising hydrogen peroxide. 20

EXAMPLE 5 Nine p ¥Ry NY sl urri exone® e prepal gerrpNitdaeSt €d| wecMERMe t ¢ t he
met hods set fortlh in Exanple 1jiygeprder to i Nyesii gate the| &hhmct of
varying the anpufg—of Terric spld- nitrate{gggal yst and/ pygjgbnoper sul fate

(Oxone[err]) oxi gnzrmg—agernt ]_i 59 IC,I“VP st Y [§H4 ! UTTOSTETT CBggcar—
mechani cal _ pol i S{ { ::ig i‘f'it €s: . I:C{;S‘ODI l’jl ryTerig :J ;) U WL+ l‘/‘u SUSTITCd, The
COnCent rat I Ons O 4I erfl A2 LALA NN I I @, ¥ g.oullu IIUIIU'JUI U.IBBU-L o Tl LAY 540‘1] T Co al 2 Set
5 10.0 0.036 1661
6 10.0 0.2 3396
7 10.0 0.5 3555
8 15.0 0.05 2107
9 15.0 : 0.35 3825

The results of the tungsten CMP reported in Table 4 demonstrates that varying
the amount of monopersulfate in the CMP slurry has a lesser effect on tungsten

10 polishing rates than varying the amount of catalyst in the CMP slurry.
EXAMPLE 6

Eleven CMP slurries were prepared and tested according to the method set forth
15 in Example 1 in order to investigate the effect of varying the catalyst type and oxidizing
agent type on tungsten chemical mechanical polishing rates. Each slurry included 5.0
wt % fumed silica. The type and concentrations of catalyst and oxidizing agent used in
each CMP slurry are set forth in Table 5 below.



forth in Table 4 below. 5 Table 4 Slurry Oxone

Ferric Nitrate WCMP Rate wt % w % AAmn 1
5.0 0. 05 1925 2 5.0
0.14 2921 3 5.0 .
3178 4 WO 5 g 0.35 PCT"’%Z%?L"“%
10.0 0. 036 1661 6 10.0
0.2 3396 7 ” 0.0 0.5
3555 8 15.0 ““0.05 2107 9
15.0 0. 35 3825 The results of the tungsten CWP
reported in Table 4 denpbnstrates that var the amount of nonopersul fate
in the CWP slurry_has a | esser effect on unqsten 10 polishing rates
than varying the}smmnt of cjadgdizet in the |@dtalgstur ry. EXANplEMP Rdtevery CVWP
slurries were pré¢pared and teﬂ%d accor di ng witowt he net hod |SEtmigorth 15
in Exanple 1 in 056% 98bs (Ne el TR PpmTu VAT Y1 NJ g carar yst
type and oxi di zi @VI BngS[ en (.H;(—O‘[ (082" Trecharm CHb, potTshin
rates. Each slurgy included §5. vvt /ofurred mcge "The tyge and
concentrations o‘—c-at—a-l—y“s-t—a#rg; 7 f-z+Ag—ag 'ﬁlua t—+A—eagh—-CVP *‘! Hy—{ar e
set forth in Tabje—5—below 0% 550, TabH—:ﬂ ‘§ 551:"/ Fzer—
Cat al yst 4 WOMP R fﬁz.o%\ﬁ']zgg_ 28ppmFe \y oy | 4729
Amn 1 5 5 0% H[lex mxaam 560 ppm#w pom Qf 1053 1417 2
5.0%Herr]O[err] |.& 10% Prome] 700 ppra A 608

7 5.0% Oxone® 280 ppm Fe 3178

8 5.0% {(NH4),5:04 70 ppm Cu 712

9 5.0% 70 ppm Fe 1501

(NH4),Ce(NOs)s
10 5.0% K-lodate 70 ppm Fe 1203
11 3.0% H;0, 1.0% | 280 ppm Fe 7840
Oxone®

Each slurry tested exhibited tungsten polishing rates superior to shurries
including only an oxidizing agent (Example 2 - slurry 3; Example 3 - slurries 3 & 4) and
5 superior to slurries including catalyst alone (Example 2 - slurry 2; Example 3 - slurry 2).

EXAMPLE 7

Twao polishing slurries were prepared in order to evaluate their performance on

10 patterned device wafers. Each wafer consisted of a W/TIN/Ti metallization deposited
over a patterned PETEOS layer. The initial W layer thickness was 8000 &, the TiN

layer 400 A, and the Ti layer 250 A. Each wafer was polished until the W/TIN/Ti
metallization was cleared from the entire wafer. The polishing conditions set forth in

Example 1 were used. Slurries 1 and 2 contained 5.0 weight percent fumed silica. The

15 type and concentrations of the catalyst and oxidizing agent used in each slurry are set
forth in Table 6. A third commercially available slurry including 3 weight percent

alumina abrasive and 5.0 weight percent ferric nitrate was also evaluated.



7 ppm Fe 3 5. 0% H202 28 ppm Ag 561 4

5.0% Herr](err] 28ppm Fe 4729 5 5. 0%
Oxone 560 ppm Cu 1053 6 5% Oxone[ err]

700 ppm Ag 608 7 5. 0% Oxone 280ppm Fe

3178 8 WO 5 0o (NH err]S[err]d err] 70 pprﬁ‘?ﬁ&s’m’ow 712
9 5. 0% 70 ppm Fe 1501

(NH err])[err]Ce(NdJerr])[err] 10 5.0% K- 1 odat e 70 ppm Fe
1203 11 5.0% H202, 1.0% 28CF!gpm Fe 7840 Oxone Each

slurry tested exhibited tungsten polishing rates superior to slurries
I ncl udi ng only an oxidi zi ng agent (Exanp tqﬂz - slurry 3; Exanple 3 -
slurries 3 & 4) and 5 superior to fRIFPi es i ncl udi ng catal yst al one

(Exanple 2- slufry 2;SHmgnpl e |3 - okididey 2) .| EXAldRkdysf TWO pﬁ&de%@bil&r
slurries were prjepared in ordgr tO(e,y%uate t heir perfor nce on

patterned devi cg Waf ery. each war Lo 00| SU o (:Iz&obmel n m.C, 5 %#dpkégts 3/25
s

deposi ted over g pattermedPETECSA e+ Hary
8000 A, the Ti N{l ayer £00 A, an %‘%Iﬂjﬁ‘ ]I%.l?lyer g%d mESCh Waf Dr5eppd
pol i shed unti | frhe—W-FN-Fi—metat b BOBE o wels—cloar-ed fm '
wafer. The p0| i S ng r\gnrll tio efﬁlﬁrﬂwmﬁmm}il i es

1 and 2 contained 5.0 weight percent furred silica. The 15 type and

concentrations of ”E‘cgﬁhﬁ*’é%" I‘CI a ygg\a}%?&gé”u% cLlul eset’;l §I u:{éé/ are

set forth in Table 6 Iurry I G ud|
wei ght percent shirges wa‘e@bmd\le ha\rcchrgx ioliskngyhites pareaensdf the metallizitionrgles, Was

?:Lfgl ;‘\s/?l suat ed. res1ult1 m,gg%o i(ﬂ\%ta%é%rr the metallization. Bo%%&%l}%sef\ E:ontaining slurries
exhibited superior performance in comparison to the commercially available slurry.
Examination of the polished wafers with atomic force microscope demonstrated that the
device wafers were successfully planarized, with acceptable low levels of erosion and
dishing of stud and line features. Furthermore, the underlying PETEOS layer was

10 smooth with no evidence of scratches or pits.
EXAMPLE 8

This example demonstrates the enhancement of oxidizing agent longevity caused
15 by adding various stabilizers to a chemical mechanical polishing slurry. Two chemical
mechanical polishing slurries were evaluated. The first slurry consisted of 5.0 wt %
silica, 0.02 wt % ferric nitrates(H,0), catalyst, 5.0 wt % H0, oxidizing agent, the
amount of stabilizer set forth in Table 7 below, and dejonized water. The second shurry
consisted of 5.0 wt % silica, 0.036 wt % ferric nitrates(H,0)o catalyst, 6 or 8 wt %
20 H20, oxidizing agent, the amount of stabilizer set forth in Table 8 below, and deionized
water. The silica used in both slurries is a fumed silica based dispersion manufactured
by Cabot Corporation and sold under the trademark CAB-O-SPERSE®.
The slurries were prepared and applied to tungsten wafers according to the
method of example 1. The slurries were then allowed to age for several days after
25 which a known amount of the aged slurry was sampled and titrated with potassium
permanganate to determine the amount of active peroxide remaining. The titration and

polishing results are reported in Tables 7 and 8 below.
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The results indicate that the hydrogen peroxide activity was maintained in each
slurry that included a stabilizer in comparison fo the slurry containing no stabilizer
10 which had no hydrogen peroxide activity after 8 days. The polishing results are
acceptable and demonstrate that stabilizers effect the catalyst efficiency of the slurry.
Therefore, there is a balance between a chemically stable slurry and the high tungsten

rates that are promoted by the catalyst/oxidizing agent combinations.

15 EXAMPLE 9

Tungsten wafers were polished according to the method of Example I using a
slurry including an alumina abrasive. The alumina dispersion used in each slurry was
W-A355 manufactured by Cabot Corporation. The slurry compositions tested and their

20 polishing results are set forth in Table 9, below.
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polishing results are set torth in

As illustrated from slurries 2-5 of Table 9, alumina, when combined with an oxidizing

agent and a catalyst stabilizer complex, is effective in polishing a tungsten substrate.

While the present invention has been described by means of specific

embodiments, it will be understood that modifications may be made without departing

from the spirit of the invention. The scope of the invention is not to be considered as

limited by the description of the invention set forth in the specification and examples,

but rather as defined by the following claims.

For example, although the examples above have described the preparation of

CMP slurries with metal catalysts, it is to be understood that non-metal catalysts having

multiple oxidation states may be incorporated into useful CMP compositions and

slurries of this invention.

What is

claimed is,



-23 - Table 9 Slurry Herr]O[err] Ao i C
nitrate Stabilizer WRate (wt % (wt % THI %}ﬁié{e’ gr] 5. 0%
3. 0% 0. 02% None 566 2 ! 5.0%

3.0% 0.02% 1%citric acid 1047 3 s97P248%0

3. 0% WOIRFH8, 0. 091% 1947 Pot assi um Hydrogen Pht hal at e
4 6. 0% 3. 0% 0. 036% 0. 1066%

2431 Tetrafluoro phthalate 5 6. 0% 3. 0%

0. 036% 0. 0466% g 2236 Malonic “AtTd As illustrated fromslurries

2-5 of Table 9, alum na, when conbined with an oxidi zing agent and a

catal yst stabilizer conplex, is effecti \Mol I shing a tungsten
substrate. 5 VWil e the pr nvention has been described
by means of specific enbodinents, it will be understood that nodifications

may be made w t hout depart| ng fromthe irit of the |nvent|on The scope
of the inventior-i sArsbemicg) W%ﬁ's@@i@?’&#%%‘??ﬁ@é@"ﬁ?gt he—deseri-ptionof

the invention set fgr xS figati on and exanpl es |
defined by the foll ovmyrg\tgér{c%l ai rrvsrfgloé%c‘:\ﬁt’zhlg . For exa4p Zl“mmmlml‘lu“
exanpl es above haveatdesstorietsatalysthavipg ewhipke axislation stesP sl urries W th fet &
catalysts, it is to be understood that non-netal catalysts having nulti pI e
oxi dation states may be incorporated into useful CMP compositions and,
slurries of thi. inTheEliemical hechanical polishing compy¥itiin ofsclaith di wigeglein she oxidizing

CLAI M

agent has an electrochemical potential greater than the electrochemical potential
necessary to oxidize the catalyst.
10
3. The chemical mechanical polishing composition of claims 1-2 wherein the
oxidizing agent is an organic per compound, an inorganic per compound, a non-
per compound including bromates, chlorates, chromates, iodates, iodic acid,
cerium (IV) compounds, and mixtures thereof.
15
4. The chemical mechanical polishing composition of claims 1-3 wherein the
oxidizing agent is a monopersulfate, persulfate, peroxide, periodate and mixtures

thereof.

20 5. The chemical mechanical polishing composition of claims 4 wherein the oxidizing

agent includes at least one monopersulfate having the formula:

25 where X,, X, are each individually H, Si(R’)s, NH,, N(R"), and alkali earth
metals such as Li, Na, K; where R’ is an alkyl group having from 1 to 10 or
more carbon atoms; and wherein R” is H, an alkyl group, an aryl group, or

mixtures thereof.
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1. A chem cal nmechanical polishing conposition con : ;
OXIdIZIng agent; and at | east one catal yst having nurmﬁﬁi‘fbxfﬁd#”
states. 2. The chem cal nechani cal polishing conp05|t|oﬁﬁﬂﬁmrtalm.
wherein the ng agent has an el ectrochem cal potent r than

t he electroc %ﬁ%ﬁ potential necessary to oxidize the cak@+ystﬁﬂﬁf

chem cal nechani cal polishing conposition of clains 1-2 wherein the
oxi di zing agent is an organic per conpoun an inorgani c per conpound, a
‘non-. per conpound including bromates, chlittates, chromates, iodates, iodic
acid, cerium (1V) conmpounds, and m xtures thereof 4. The chem cal
mechani cal polishing conposition of clainms 1-3 wherein the oxidizing agent
is a nonopersul fate, persulfate, peroxide, periodate and m xtures thereof.
5. The chenical Wﬁehdﬁhﬂﬁl mpﬂiahlsdlipbgshmgrqoﬁ@bmanmfaianrﬁé QioR8 idclwdivgy feom t he
oxi di zi ng agent |nclud$§ leﬁit one nonoper sul te having the fornula: 2
where X[err], X[ er®® “éﬁ@ﬂt HFIEH PSLCPqtManoRSTUttEr 1 1) [err] , NH err],
N(R')[err] and alkali earth metals such as Li, Na, K, where R is an aIkyI
group having froml to 10 or nore carbon atons and wherein R" is H an

al kyl gréup, arf.ar Jhe ghastige] mechanioat pelishing wemmnonm‘mmmnncmdagtfrom
REPLACENMENT SHEET C g conposi tion of
claims 4 or 5 incl %bg)u a}@ﬁg%ﬂﬁ%ﬁ%&;&%%ﬁﬁﬁb Sigr{gg ﬁopersul fate. 7.
The chemi cal nechanlcal pol i shing conposition of clains 4-6 |nclud|ng from
1 to 20 wei ght perce KHSO] e . er.r

cheni cal mecharft % B‘EH“F meﬁ%a“ﬁ’]é’c?ti%?’%&ﬁﬁ%%‘tﬂtp°8ﬁ°“ ‘6’% the pr oduct
of the mixture of akptmsﬂomemmtrabmuedaawmmydd ftawiagenmdi@ﬁdaﬁan fitealt €s
and at Ieast one stabilizer. 9., A chem cal nechani cal polishing

ot o RS WA

9. A chemical mechanical polishing composition comprising:
at least one oxidizing agent; and
the product of the mixture of at least one catalyst having multiple oxidation sites
15 and at least one stabilizer.

10. The composition of claims 8 or 9 wherein the stabilizer is an organic acid, an

inorganic acid, a nitrile, and mixtures thereof.

20 11. The composition of claims 8-10 wherein the stabilizer is selected from the group
consisting of phosphoric acid, phthalic acid, citric acid, malonic acid, phosphonic

acid, oxalic acid, adipic acid, benzonitrile, and mixtures thereof.

12. The composition of claims 8-11 wherein the stabilizer is the admixture of from
25 about 0 equivalents per catalyst to about 3 equivalents per catalyst of oxalic acid,
and from about 0.2 to about 1.0 weight percent adipic acid.

13, The composition of claims 8-11 wherein the stabilizer is from about 2 equivalents
per catalyst to about 15 equivalents per catalyst of malonic acid.

30
_—
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at | east one oxidizing agent; and the product of th
one catal yst having nultiple.:
10. The conposition of cl gi mg}

Ldat i 5 and af THASHEBhEAStEABN | zer.
m}m@m}mmﬁuﬂjt he st abili Z&EPLASERN -orghani c
, Ires thereof
R (s

acid, an inorganic acid, ni
conposi tion SYOW2HW¥s 8- 10 wherein the stabilizer is sele

group consisting of phosphoric acid, phthalic acid, citric acid, malonic
aci d, phosphonic acid, oxalic acid, adipic,acid, benzonitrile, and m xtures
t hereof 12. The conposition of clains 8- 11%8herein the stabilizer is the
adm xture of fromO equivalents per catalyst to 3 equivalents per catal yst

of oxalic acid, gnd omO0.2.to Q Lgh rcenl.aadi pi LG :
conposition of 3Bai %e SRPOFHEY %ﬁ;c%a’qxiv:g“lgf”tgglgﬁitfzfees%bldggi‘I?gr(réﬂmga%{e)%u% %@rvg%{?tg per
catal yst to 15 equi yélcamlyst tp@bout a0avejght pavtennpttiofic acidici d. 14. The
conposition of clains 8-11 wherein the stabilizer is from3 equival ents per
catalyst to 3.0 weight percent phthalic acid. 15. The conposition of claim
9-14 wherein thgsoxirfi ZbRAPoRABRNLF CHinfD- 1 GARER HEBIARE apRlgodH Grganic
conpound, and m xtures thereof. 16. The conposition of clainms 1-7 or 9-15
wherein t#e oxi di zi eempoyahtindrganiscompeyndoandmixtams theveght per cent hydrogen
peroxide. 17. The conposition of clains 1-7 or 9-16 wherein the oxidizing
agent is between 0.5 to 10 wei ght percent hydrogen peroxide. 18. The .
conposi ti on of dlsai The doripositine e ickintshle7 oaBdlSysherdins the oxidizing agentisytetween9.
The conposition of claim 18 wh in the al catalyst is a conmpound of Ag,
Co, Cr. Cu, Fe, Nb,awg)ﬂlﬁ?aqﬂ“? (&gglﬁafrc%?my%ﬂg,enﬁr’ ‘and m xt ures t her eof
having nultiple oxidation states. 20. The conposition of claim 19 wherein
the metal catalyst is a conpound of iron, caopper, silver,. and any

combi nat i ¥@n t herldof Thagomppsiign of ﬁia@‘sokgt?étgflén‘e@f%‘l §§ °"2‘{1"?mgl' AEEVE BRSBESeRi on
of claims 1-20 wher gigi bR, i) O/ bightDerbntihy@Bzdderkigs! sel ected from the
group consisting of 1 norganic 1ron conpounds and organic iron conmpounds

18. ‘The composition of claims 1-17 wherein the catalyst is a metal catalyst.

15 19. The composition of claim 18 wherein the metal catalyst is a compound of Ag, Co,
Cr, Cu, Fe, Mo, Mn, Nb, Ni, Os, Pd, Ru, Sn, Ti, V and mixtures thereof having

multiple oxidation states.

20. The composition of claim 19 wherein the metal catalyst is a compound of iron,

20 copper, silver, and any combination thereof having multiple oxidation states.

21. The composition of claims 1-20 wherein the catalyst is an iron catalyst selected
from the group consisting of inorganic iron compounds and organic iron

compounds having multiple oxidation states.

25
22. ‘The composition of claims 1-21 wherein the catalyst is ferric nitrate.
23. The composition of claim 22 wherein the iron catalyst is between 0.01 to about
0.5 weight percent ferric nitrate.
30 This Sheet Has Been Replaced
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having nultiple oxidation _states. 22. The conp@siti —etarns-i, 8, or 9
wherein the catalyst is fernigc_nj he %ﬁﬁﬁgﬂ IHQP %’f“ﬂtai m 22
wherein the ferri nitrat eIcaiE"@ﬁljlmmHm& 01 1t REBASRRei ghtd per cent
ferric nitrate. 24. The c ! ims 1-22 including from0O0.001
to 2.0 wei ghWOBRU¥ht catalyst. 25. The conposition of cl &TEVSH728% 24

i ncluding fromO0.005 to 0.2 weight percent catalyst. 26. The conposition of
claims 1 or 9 wherein the oxidizing agent i s hydrogen peroxide and the

catalyst is fromO0.005 to 0.20 wei ght perégﬁt of a ferric nitrate catalyst.
27. The conposition of clainms 1 or 9 wherein the oxidizing agent is

nonoper sul fat e d erein.the.catal s fr 0,05 - 0_wei ght rcent
of a ferric ni t?‘gt eﬁ‘hg &P gpglsét{qn ofé’%mﬁ%‘s‘% 6“@%’8%%%%)3“ @ﬁgf?%a%uggtavw?
further conprises agercedtrcamalyte. 29. The conposition of clains 1-28 wherein
the abrasive is at |east one netal oxide. 30. The conposition of clains
1-29 wherein the netal oxide abrasive is selected fromthe group including
al umi na, ceri a pgeriRibposidnl Fjaihd 1981 243hAGAIY Bom M0 HsUoSoli €5 COT -
31. The conposition of clains 1-30 wherein the abrasive is an aqueous

di spersi dn of a netweighbrerepst cgalyst. The conposition of clains 1-31 wherein the
nmet al oxi de abrasive consists of netal oxide aggregates having a size
distribution less than 1.0 micron and a nean aggregate dianeter |ess than
0.4 mcron. 238. Theeompostos dfichimi-4r $i-2d wherdid thé) axidizing tabent iehyarogexi de

abrasive consists of discrete, |ndjvidual oxi de heres having a
primary particle dPgﬁﬁpgPmﬁg?ém#ﬁgkmdgﬁﬁﬁmﬁﬁbﬁgﬁoéh@”éfgﬂﬁﬁﬁﬁ8“%?%&9F%nging
from10 nferr]/g taoR%kalpdterr]/g. 34. The conposition of clainms 1-33
wherein the abrasive has a surface area ranging from5 nferr]/g to 430

nerr]/gl®

27. The composition of claims 1-7 or 9-24 wherein the oxidizing agent is
monopersulfate and wherein the catalyst is from about 0.05 to about 1.0 weight
percent of an iron catalyst.

15 28. The composition of claims 1-27 which further comprises an abrasive.
29. The composition of claims 1-28 wherein the abrasive is at least one metal oxide.
30. The composition of claims 1-29 wherein the metal oxide abrasive is selected from
20 the group including alumina, ceria, germania, silica, titania, zirconia, and mixtures

thereof.

31. The composition of claims 1-30 wherein the abrasive is an aqueous dispersion of a

metal oxide.
25
32. The composition of claims 1-31 wherein the metal oxide abrasive consists of metal
oxide aggregates having a size distribution less than about 1.0 micron and & mean
aggregate diameter less than about 0.4 micron.
30 33. The composition of claims 1-32 wherein the metal oxide abrasive consists of

discrete, individual metal oxide spheres having a primary particle diameter less
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35. The conposition of clains 1-34 wherein the_abrasive has a_surface area
of from30 n2/g to 170 nlferr][7qg. 36. The conppgHts sHETHA] BEES [1- 35 wherein

the abrasive is preci p}|tim a4l mmfm”m funpd abREBLAGRD 37. {The
conposi tion of clains!l-3¢ NEme rasive 1S precipitated silica,
funed silicd¥P¥B@Bed al umina. 38." THe &henical nechani caPCHEPTEH g
conposition of claim1 which conprises: an abrasive; a ferric nitrate
catalyst; and from1.0 to 10.0 wei ght per&gnt of an oxi di zi ng agent

selected fromthe group consisting of hydfogen peroxi de and nonopersul fate
wherei n when the oxidizing agent is hydrogen peroxide, then the slurry

I ncl udes from 0. 005 t 20 i perce ferri Ltr aat.al yst d when
t he oxi di zi ng agen?’a? §-4§86‘88§,§ﬁ%€%,“§ﬁ;e% TREsd ol?Pr ou?trllglmu%etg %?‘gn‘?’ .05 to

1.0 weight percentml/grric nitrate catalyst. 39. A chenical nechanical
polishing slurry conprising: from1.0 to 15.0 wei ght percent silica; from
0.1 to 0.5 weight percent ferric nitrate catalyst; and from1.0 to 10.0

wei ght per cent 3gDNPREESHMIGSRBE of claimd%-Fwhdeif IR dlve wbaﬁraeahreawgﬁx@ ng
slurry conprising: from1l. 0 to 15.0 weight percent silica; from0.01 to

0. 05 wei §ht per cenfromabeutd myg fogbeutd30 a1 gst; and from 1.0 to 10.0 wei ght
percent hydrogen peroxide. 41. A chem cal nechanical polishing slurry
conprising: from3.0 to 7.0 weight percent silica, fromO0.01 to 0.05 weight
percent ferric38it The eonymisitiby of ¢laimsd-34hwheuein thecabrasive himeca swifice anga of Hdmf r om
0.5 to 10.0 weight ,pe ng, hydro roxi de and from 2 equival ents per
catalyst to 15 equﬁg{gﬁ?’ggﬁ%?dboggﬁ;}l “ malonic acid. 42. The slurry of
claim4l wherein the silica has a surface area between 120 rn[err]/g to 200

10 36. The composition of claims 1-35 wherein the abrasive is precipitated abrasives or
fumed abrasives.

37. The composition of claims 1-36 wherein the abrasive is precipitated silica, fumed
silica or fumed alumina.
15
38. The chemical mechanical polishing compesition of ¢laim 1 which comprises:
an abrasive;
an iron catalyst; and
from about 1.0 to about 10.0 weight percent of an oxidizing agent selected from
20 the group consisting of hydrogen peroxide and monopersulfate wherein when the
oxidizing agent is hydrogen peroxide, then the slurry includes from about 0.01 to
about 0.05 weight percent ferric nitrate and when the oxidizing agent is
monopersulfate, then the slurry includes from about 0.1 to about 0.5 weight
percent ferric nitrate catalyst.
25
39. A chemical mechanical polishing slurry comprising:
from about 1.0 to about 15.0 weight percent silica;
from about 0.1 to about 0.5 weight percent ferric nitrate catalyst; and from about

1.0 to about 10.0 weight percent monopersulfate. -
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mMerr]/g. 43. *A chem cal nechanical polishing pfec 'o” osition

conpi si ng an aqueous solution of from3.0 tpmg?g@mm,@]ﬁﬁﬁg cent silica, and
t he product of the adm xture of from 0.01} to Opr@h AeHIght pércent ferric
nitrate cata from 2 equival ents per—catalyst— 10 1% _equival ents per
catal yst mal Ck)%?%srzg@gd 44. A nmethod for polishing a subst F&F@’SPW(?P‘I}di ng at

| east one netal |ayer conprising the steps of: (a) adm xing the
conpositions of clainms 8 or 43 and dei oni z%gd water to give_a chem cal

mechani cal polishing precursor; (b) adnmi xiTfig the cheni cal ani. ___l_ o

pol i shing precursor of step (a) with an oxidizing agent to[;i T ;

mechani cal poli ggi ng .§ ' ; i i cal mechani 'SRl ip) Mg
chiritdl #gcw?lﬁﬁéﬁgl%ggﬁg&na@p

slurry to the substrate; Bast a portion of the"
met al | ayer from t hitom abrsit i £tte about bF.0 mgighipescepasilica;nt 0 cont act with the

substrate and novin i n relation to the substrate. 45 A nethod for
pol i shing a substra %'% ?ﬁ%‘ﬁﬁ“g?fn% %°“faé-8§t‘”°t$2‘&P?F&?"é#“f‘%%?‘%?ﬂ?ﬁ)f%ﬁnggﬁ%e
steps of: (a) adni xibogt 1016 aboammi Cokveig pbrRait Gadrogalpbelidgy conposi tions of
claims 1-7 or 9- 42 and deionized water to give a chem cal nechani cal
polishing”slurry; (b) applying the chem cal nmechanical polishing slurry to
the substrate; and AGhemitHRMiaRoalPblithRBMurrRchiridngn Of the metal |ayer from
the substrate by bringing a pad into contact Wi thothe substrate and novi ng
the pad in rel ati onfremaldye3 80 shquh 7.8 weipht petdest sitisihod of cl ai ns 44-45
wherein the substr ' i0i. N tal, lL.ayer wherein at
| east a portion ofaﬁt' ehléb&lﬁgggg gonﬁogiﬁg@‘}'%&}t%rgr@%@ﬁ%%gggﬁaqfl&t’.a¥'§7. The
met hod of clai ns 44hd@radncr off the athaixgud of frameabbutr 0.5@6 absig | 10dewveightt peréeni UM
and/ or tilbani um ni tyri.de netal. | a%l%r- wherein_ at ] east a pora.t’i on of the

e

titani um®Bitride | RYSTOBF Pereids Apd; from abgut &) equiyalents, ner, catolysh tor@beminl % al
pol i shi ng conposi t i eyoivilents perRaglyagtal@isdcRIMm conpri si ng:

4D

42. The slurry of claim 41 wherein the silica has a surface area between about 120
m’/g to about 200 m*/g.
15
43. A chemical mechanical polishing precursor composition comprising an aqueous
solution of from about 3.0 to about 7.0 weight percent silica, and the product of
the admixture of from about 0.01 to about 0.05 weight percent ferric nitrate
catalyst and from about 2 equivalents per catalyst to about 15 equivalents per
20 catalyst malonic acid.

44. A method for polishing a substrate including at least one metal layer comprising
the steps of’
(a) admixing the compositions of claims 8, 10-14, 18-25, 29-37 or 43 and
25 deionized water to give a chemical mechanical polishing precursor;
(v) admixing the chemical mechanical polishing precursor of step (a) with an
oxidizing agent to give a chemical mechanical polishing slurry;
(c) applying the chemical mechanical polishing slurry to the substrate; and
(d) removing at least a portion of the metal layer from the substrate by
30 bringing a pad into contact with the substrate and moving the pad in
relation to the substrate,
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(a) a first container. conprising the conposition. of clai#s-
(b) a second container conprising an oxi di zli mgisatisEd. H-RERE

10

15

20

45.

46.

47.

43.

or 43; and
EVENT SHE

REPLACED

WO 98/23408 PCTUSY7/22083

30- K

A method for polishing a substrate including at least one metal layer comprising
the steps of:
(a) admixing the chemical mechanical polishing compositions of claims 1-7 or
9-42 and deionized water to give a chemical mechanical polishing slurry;
{b) applying the chemical mechanical polishing shurry to the substrate; and
(c) removing at least a portion of the metal layer from the substrate by
bringing a pad into contact with the substrate and moving the pad in

relation to the substrate.

The method of claims 44-45 wherein the substrate includes a tungsten containing
metal layer wherein at least a portion of the tungsten layer is removed in step (c).

The method of claims 44-46 wherein the substrate further includes a fitanfum
and/or titanium nitride metal layer wherein at least a portion of the titanium nitride

layer is removed in step (c).

A chemical mechanical polishing composition multi-package system
comptising:
{a) a first container comprising the composition of claims 8, 10-14, 18-25,
29-37 or 43; and |

(b) a second container comprising an oxidizing agent.
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