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FEEEEEEEEEEEErr e e e e e e e e e e e e e e e e e b rrrr e INHEBE TOR OF TUNGSTEN ETCHI NG
rssrss 5 1. Field of the Invention. This invention concerns a chem cal
mechani cal polishing (CWP) conpositi ofh-i o incl udi ng a conpound capabl e of

et ching tungsten and at | east one inhibitor of tungsten etching. The

pol i shing conposition is us ] ) VENTE i nati on with other
chem cal s and abrasives for 5@@3#}‘.0. gﬁr@ AN yers and thin-filns

associ ated wth sem conductor manufacturing where one of the |ayers or

films is conprised of tungsten. 15 2. Description of the Rela

Integrated circuits ArRO COMROSITIENS IELYDINGeANev i ces[Hmmmummm"mM
on a silicon substrate. INFBEEORVQF JONGEEEN NG e initially i sghat ed
from ohAe another, are united to formfunctional circuits and conponents.

The devices are interco e U | 1 - known i

i nt erconnections. | ntercon i F Wy have a mmmmmmmumlﬂer
of nmetallization, an interconnection |ayer, a second |evel of
nmetal lization, and sonetinmes a thud and subsequent |evels of netdP¥Fati on.
| nterl evell: di efédd pf the Iayemtioss doped and undoped silicon dioxide (Si Oz),
are used to el i ; ' t [ r’r&}@ ij.zation in a
silicon substr g?l;es lgﬁ\%{g?{lcb%%hg aglcgégr??a?cng Cﬁz{cngér%fn %ﬁ‘@hgcﬁg)\/\ee Oé‘:“? er ent

i nt er donnéwsiuding 4 eaneiosnd capahigdé etching tugigsteh endus deast omedhlabitdradédungstas and i n
particul ar, tungsten 25 vias. U .S Pate . 4,789,648, which is

i ncor por ateéchmﬁer gﬁﬁ @S}P'@‘ 3?'@39?5’,0“&@5‘&??{&[)@@?‘8 HrelPh EMTRAHOB  BEL OHRE nul ti pl e
net al | | zedhériy@s San@nsbraMled! fof ZRMAshitigAmelal 1AyREULAT QkinfithdBissokidted Wi | ar
manner, metal contacts are used to formelectrical connections between

i nt er connéeMiceRAVUCEY Bl1aguiactirinteyhee ane efrthedldyarnordilmeisicomprisedreé tungsten.as  and
contacts are generally filled with-tungsten and generally enpl oy an
adhesion | ayer such as titaniumnitride 30 (Til~ and/or titaniumto adhere
a netab | &yer DesdriptwnoftthnBelned Avet al | ayer to SiOz. In one seni conduct or

manuf act uri ng pr.ocess,. tallized vi or .cantacts are forned by a bl anket
t ungst en depos'th%%efgf%%ﬁm@w&OXH@ﬁr‘?”éﬁfa%ec%dﬁ? qmeddn PISeP g step. In
a 17 JAs#Re2 THOa09EMevitds, which BEThitiAiPIdlalcadSam bitdhfoMer, rOGRRE 1o Vi @ hol es
are etched through an interlevel dielectric (ILD) to interconnection |ines

or to a sEPATCHARIGR] GFcuis ik qogpanentye The deyicesare ingaitrargcted thrayeirtheusetof as

titani um gidihden RGN it @RiddmS z and is

directed i net o the etched \ﬂ}a heo{'lae.s' 'Ilﬁtglrr%?&ngktloén%@%tgﬁgf]?%{’%’h?' tshglﬁa‘l %ﬁ%et

deposi2ed layoeof thealzdhes i an intagoenecaord layat o tdvendilevel Shendbalidefiosiahd on i s

fﬁﬂ;'s?gﬁd sgrgq]ét{n%estatg}%dvaln s&%el:q%erlmt?ev];lls lotl r(raigtall\{\éiagct}a. tlrlujtgxgzes\/%lecf?électlzr!cg ?JcL %é dotpgf? excess
and undoped silicon dioxide (SiO,), are used to electrically isolate the different levéls of

metallization in a silicon substrate or well. The electrical connections between different
interconnection levels are made through the use of metallized vias and in particular tungsten
25 vias. U.S. Patent No. 4,789,648, which is incorporated herein by reference, describes a
method for preparing multiple metallized layers and metallized vias in insulator films. In a
similar manner, metal contacts are used to form electrical connections between
interconnection levels and devices formed in a well. The metal vias and contacts are
generally filled with tungsten and generally employ an adhesion layer such as titanium nitride

30 (TiN) and/or titanium to adhere a metal layer such as a tungsten metal layer to SiQ,.
In one semiconductor manufacturing process, metallized vias or contacts are formed

by a blanket tungsten deposition followed by a chemical mechanical polish (CMP) step. 1n a
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is removed by chem cal nechanical polishing (CWP) to formnetal vias.
Processe¥G V05 Wanuf acturing and/or CWP of LD s are di s®FBIEWP/IBH2U, S
Patent Nos. 4,671,851, 4,910,1 y and 4,944,836. In a typical chem cal,
mechani cal polishing process, the subztrate is placed in direct |10 contact
with a rotating polishing pad. A Garnér applies pressure against the
backsi de of the substrate. During the polishing process, the pad and table

are rotated.whi i.Ss.majntaj ned agai the substrate
back. An rl%ré%sgr\f%q‘c g@nregéﬁf}]?‘{/&foélﬁi "l'\l}{eeﬂgvgl @?q‘ﬁ%‘ﬁ,g&fcgﬁ%ﬂwo?“é%?‘r ed to as
a "sl urry'linéssorde poshicetiuciot subktiee. piektdal tHimgihpedr BidrRGch hRarflnyi Mlrideni ti at es
t he poli shi(i}gr rﬁr Qcess by (fh?m cally reacting with the film being polished.
The : 5 polPPYR HEMEP dvegsrahsionged pye &F&Dwdt'h@rw&ﬁtdavtpdh%mtc}f*ﬁémgﬂ% of the
pad rei at iyen touhdieen Sh o i j : { erfpad
interface. I%nc’)l i shéllng i ssigﬁlﬁhgip(ﬁ%eg o{v%rl ﬂgéﬁg{ne%é;rl %ggrtilinl(a lbtﬁgh%\g‘& ri filmon
t he i n$ul adernsitivs isicontippediuntiithe vl hoteriy filked ithsigsen. Fmalyyn thergpasd mndstehact or i n

the CVMP step. Depgendin n the. choi.ce o e oxidi zi ng. agent, the abrasive,
and ot her lsugee Vi gydg}i'ef%?gén,edfaﬂl@gp%’b‘ﬁ‘gﬁi({q Itﬁrt)F(’S}“ Qg g’b"s-b TPCEFEDI¥d to
provi de effaacfhdnvthgRal/oSOMPHIIL DI Blea@lisclbay §f 8.5abad@Ndse4le Podsi shb g s at es
while mnimzing surface inperfections, defects, corrosion, and erosion of
oxi de in &rE%44aF30n tungsten vias. Furthernore, the polishing slung my be
used to provid 0, i.shi sel ectjvitile other thipn-film
materi al s used%}% &?r%‘%ﬁgﬁlﬂ?‘%g?g‘{ag%hgﬁ C%i‘%)%e\gr tgb: %B%tgabeylsé’ﬁ% Gl%ltsd'?r Tt ani um
titanildm montadt datharrdtatifgepdlishiag pal5 ATyapice appligs fbfuRclhisditigbasitsiderof ¢8 cont ai n

an abrasiv terjal, .such as silicag or alym na, suspended in an oxidi zing)
aqueous rré@?s[}%le' @ﬁ"%%dﬁs{ﬁ’fng@m@&%&@Ht”ﬁ&l&b%‘“}r%ﬁ,tS@ZIVh!l%a‘F‘G_WéY"aTQI.
reports afskals ibinfieh abdihsh thealbstFud Back N WA BEEDe Qrﬁl_rc%hﬂﬁg rBRHVeEolRE

pot assi um or ammoni um hydroxi de that is usefial I n remving tungsten at

pr edi ct ablcemmgplp seferedriojap gt Plarmy” dprgepgbited fontohtbe padidyringipolishings Thatsiumy | ayer .
U. S. Pat eftiiapes 209 n8ikfink : ' S lyrry conprising
perchl ori (1: técﬁsﬁ,gﬁ%&gﬁg]ﬁ%gsesﬁ x?}l 'éncgl dr%é&@%&ﬁ% %’grﬁz@%fg’%n’ﬁ’ﬁ%?#g'aﬂhei n an
aqueous mpdiishing ptdcSs isHatilgated by (Bd htBivhal hovéasit efthapsl Eielieas tdissstases a

t ungst en 1 7 JAN 20(1 WO 9 5706 -3 PCT/ US98/ 15572 pol.ishing slurr
Comari o nd® SBE BAREERIY 6 PR AcEi o R ETS paRPae habprORaTal y 5

wei ght petkigalrtired ifilnt 6tha HEdulRet 3sshdyEq acetate. Acetic acid is added to buffer
the pH at approximately 3.5 Most of the currently available CWP slurries

contai n | arge ¢bhdwnt eamrosiHen isfan Smptirgstobstedn thoGMP stept aDéfieadigpapthaent s.  As

aresult, [ o t .can, becone. cant.am nat ed. .by .t he adsorption
of char ge&ﬁg%edg?lggmﬁﬁb’%gﬁg’ tﬁ%%bgrlvg’%g? gt%er qegi%](?(ag%éeéi t@%"@ﬁﬁ"iﬁ'%a‘fag and
changeot hée ¢dilect rtb qabdviger effeetivel dishirfy dtheetslamjenes ddsir@apeishign i omiiact s and
change the.di el QCt{-fj ¢ .pro erti ea fof t he Si OZQJJaye_rs. These changes may
reduce t hE"FEHAABI LY BFICHYST ATETY SPERFW ARAFTOSIONOf IPXIIE e arexrh &tBf or e) i t

i s desi r ablm@sttmdvieX FRfRernbe M@B@lfshiﬁ?&h‘{m_l@aﬂeqréeﬁw BriNidelQnfr BRAEAhHW th very
| ow concentrations of nobi [e metalTic ions. CMP conpositions are ~
i ncr easi n§HSelinEesHg ofhst Min-Blmematerialshisehio siment intagrpteidiirenit s=chiivitgy awah asapabl e of

et chi ng tgggﬁh,e_@ak&n%m%%gwel&g i nprove the rate at which tungsten vias

are polish wever, . 1n many cases the resulting CVWP slurry conpositions
etch teingst en Typially CMP polishing slurries contain an abrasive material, such as silica or

alumina, suspended in an oxidizing, aqueous medium. For example, U.S. Patent No.
5,244,534 to Yu et al. reports a slurry containing alumina, hydrogen peroxide, and either
potassium or ammonium hydroxide that is useful in removing tungsten at predictable rates
with little removal of the underlying insulating layer. U.S. Patent 5,209,816 to Yu et al.
30 discloses a slurry comprising perchloric écid, hydrogen peroxide and a solid abrasive material

in an aqueous medium. U.S. Patent 5,340,370 to Cadien and Feller discloses a tungsten



manner that solubilizes the tungsten instead of converting the surface }BJANZWU
soft oxi d"2ed 1% m 15 with i nproved tungsten abradeaMIi?é&“@”%ﬁ%zto t hese
chem cal conpositions, recessing of the tungsten plug due to undesirable
tungsten etching occurs. Recessed tunggten vias, where the surface of the
tungsten is below that of the surrounding insulator surface, are a problem
because they can cause electrical contact problens to other parts of the
devi ce. | npagfing Ismﬁy_@ﬁ@mmp%a@ DUND SHARIHE SRS 2By aﬁﬁ‘roﬁ@ah‘r’él‘?ds by the
fact that the resulting nonplanarit<~ 20 nmay conplicCate the depoSition of
netal | aye§igBnpacass siljcrernd pasaseily aoftateheAckbviacid.is Tddegstoebufiet tkipky acan al so
cause unde%%#&akﬁd"?gyholing" of tungsten vias. Keyholing is a phenonenon
wher eby a & 1s 8fched into the center of a tungsten via and, thereafter.
the hol e m grat®mst of\aliedsutdagy SivaligBle AfMP hgurdésacort@y b ngnkamsiess bhe same
cont act ang,fillies.problens as recessing. 25 A new CMP conposition is

needed fhafSEbieh 0B RHAEL empRpsetn 46 dregHt rthe ealisher subsiatesderashbeperre cause
undesi r abl godiiSSEER MBL Wek | W : e
present i nvoenti on 0?@ di regltﬁpggﬁt%gmamgg e caﬁ\{?reg%ﬁ&gﬁég‘{wg%.egﬁ%%gcy
conposi t i omigrathand ¢hengeahedi¢cricall propeities bf the devideg st @ires ahd bhorgdetsraat elsangd t h

m nimal etghin nd/or _corrosi.on. 1 JAN 2002 WD 991 05706, .

PCT/ US98 1&?%"%"5&0&‘3{‘1%8{8? ﬁ@é‘ﬁ(&fﬁi Th %Wtyaﬁed‘ffélfb%ﬁgag&tyc?fﬁb%si tion
of this ininesptdeitirsitsaithaineo TROb&N §UBHERDRASpNE tH WAH B3k ehibipMeHs at
controlled rates with good traps-surface uniformty. This invention is also
a stat d?of Cli‘?%"-akir"f‘thdﬁ’é{. & apncensiehem otapbilssiciadlisiong s conposition that is able
rates to g ve acpmrcaReatet Bl dngp bR, KAl SRREE g B M O
subsequent aleaypableaff erpbing lthriggtent incan effbit he ihprove the nge atowhicDRIhgEdn sl ens
oG rect DB mEIREUE: PGSR et e AR COTTRSSAR S VBT 8 g
is directe ’ P ng
conposi ti omafder thai Slubily&@Nhd @Rgsten idtedd B SovdrngRAl bsRc@iod dhalxid¥d f, met al

| ayers in an integrated circuit including tungsten |ayers. In one

enbodi fent Wt HPREOYC FeigpteR pradgatiling hiavs todhesertiemenal ecmpoporissistasgnecafitivosi t i on
compr | S NOnfg AP d Bidksirafie 6PN Fele LD KB UNERIRN V8Vl CaSt one

i nhi bi tor of "tungsten etching. n an er enbo i's rnvention is
a cheni cal surachaiihe ainggtel isstielavg thepafibs istrir@nding lsuletion §ureac€, QPO pribleihat i s
capabl e of _et chi n? tunﬁstegqrg,. a}nd at | east one inhibjitor of tungsten

et chi ng, WAGPEE Y K GaRY I5eri6H cantad proBlems e hies RRmLLT e 4pvicenilmaddifiory |

conmpound, groblempau e tuhdtenfredeBEma) teydas IHTEORS RS rBusf Mnb@msRH | ess
t han about 9.0, and m xtures thereof. 20 I'n another enbodinent, this

i nvent £on &Y ePmeiedis Ga Fenositionefimesdl layrss prstubsequast lavalsyofherdsyicsi ng f r om about
1.0 to about |57Q.wel ght ] s I8 001 .1 0about 0. 2
wei ght percent fergri C ﬁﬁgﬁgﬁ gl%(;%#geldyg{s?abg% g?ﬁ/rné)@p@;&&lgb&? ov’%bl()(e%%. 0 wei ght
per cent hydrqpercneaeowhetehy aaliold ieaghedone tbd edniek b2 e rungaedvif smintakafidr. 0. 001 to

about 2.0 Lght .percent of at |east.o | nhi bi tor of tungsten chi ng.
e hee mlggates towards {he Sides of the via r}geylmr)]l}r.']g causes the same cogtact and ﬁ}ing d
problems as recessing. '

25 A new CMP composition is needed that both polishes tungsten at high rates and that

does not cause undesirable tungsten plug recessing,

SUMMARY OF THE INVENTION

30 The present invention is directed to a chemical mechanical polishing composition

that 1s capable of polishing tungsten at high rates with minimal etching and/or corrosion.



25 In yet_another enbodinent, this invention is a chemcal nechanical 17 JAN 2002
pol i shi ng"ePUFY having a pH I ess than about 4.0 incl udiReF¥$8#§53bout 0.5
to about 15.0 weight percent silica, fromabout 0.001 to about 0.2 wejght
percent ferric nitrate, fromabout 1.0 to about |10.0 weight percent
hydr ogen peroxi de, at |east one stabilizer, and from about 0.001 to about
1.0. weight percent glycine. 30 This invention is also a nethod for
polishing a su YW i: t te r... The pol i shing
ot hod begins. by ey hg ReE nendsEaF ol cRBRIEN MR i SIER 002 o
99105706 REE/LBOIEDEBETRcesSVItiapapdten laferehtcdvintrgllddumgs vith godd trh@agifacne
i nhi bitor of. tungsten etching and dei oni zed water to give a chem cal
mechani cal*"P¥M®hi ng conposition having a pH | ess than 5.0, wherein the
conpound capablgisOfinehGdt NY LEOIS! Srel oF-the-Bh t ERAGL CRBUARZLN GO ound. The
chem cal nechani cal polishing conposition is then applied to the substrate,
and a 5 pa&dmpssitigrotighis ablstte pobistt asubstpte hndutingstuhestanatias andrdamaprend atd of ti me
sufficien : e aft. | east..a.portion of.the tungsten.|ayer, fromthe
subst rat e&e%%’% ‘&\}&‘&gﬂﬂks*kﬁ&ﬁﬁéﬁﬁ%@é I Pgagﬁﬁ@"ﬁr SHsEaHvent i on
rel ates t dayer eifedtialtitatior chigiiiue im0 | drs&infi@t GREAMSY LARED thatnLdppibieses a
conpound that ,is capabl e of etching tungsten and at | east one inhibitor of
tungst en &EERTHOT kEHPlBBeni cal mechani cal pol i shing conposition is used to
polish at |eas e =1 assqei e u te
sel ected fron1FﬁgmgF%ﬁgg?%cPa§?%g gi %%%ﬁ §L%%F@g?gg&“%ﬁ%ﬁﬁédgéﬁk§s
subst ridt esneczpieal solsbing srompositiond ob themvaiBiosibst shates palsba plumdtywsft h
i ntegrate I Feu t. thin f, l.ns, .multiple | eyel sem conductors, and wafers.
In parti cgrllegél ,]"%té selr?%%lenpﬁg{:aé'fd C’rr’é%“é’ﬁ”@éﬂg tb‘b%Sfegﬁ%Yﬁa- conposition of this
i nvention exhi it neXepmbbight, pelid Shieddonels’ ar BRRGE Whsthatie®d dofsh!l i sh a
substrate including one or nore | axer_s of tungsten, titanium and’titanium
nitride | £&YBPLSIHIN OMPGSEE 2 £PBPP¥dghatiineppable phgichimmtupgstan endfatdeasi trieng t he
details of,i ' rred enbodi nents of this invention, some of the
ternms thafmgﬁgwégg@gﬁg}gFﬁﬁ"II be defined. The "chem cal nechani cal
conposit i on" r éf eangtheo embedigwnbi thist inventeonPr k sihagiical eropmitat pohding S
capabl e of _etchi.ng t.ungsten and |.east . one inhibitor of tungsten etching
that nay ng% gse“c'io'?‘ﬁm]g((i)lﬁ ﬁﬁSFP%ﬁ"%?th's é?PaglgrOgﬁ“B@gﬁ‘é’@Stte& Y AESOE or more
| ayers of intitiimh of nogsten bhing)l whepdie teaaniiovel alnkiaRbicRRg isTAheankigs Biyichen cal
mechani cal polishing slurry'' or "CWMP slurry", refers to another useful
product offPPRPEYS AGERRGUSA thah S3rme lylemeesiunhiens Harfoluspn pHdersnbanaibout
conposi ti om afid bhitsed ¥RBEI On and at | east one abrasive. The CWP slurry is
i

useful for polishing a miltiple level nmetallization which may include but
i s not20l i mi t ed In enatkariendodipwndulus owesthinns fichersicalinmcbapicat polishing Gliiriy

wnere ovp erEiidus BorieETnth A T55%siaty gion Wies Garoaros 1T o °°

FCTI US9~| 2b&utD.2 weight percent ferric nitrate catalyst, from about 1.0 to about 10.0 weight
percent hydrogen peroxide, at least one stabilizer, and from about 0.001 to about 2.0
weight percent of at least one inhibitor of tungsten etching.

25 In yet another embodiment, this invention is a chemical mechanical polishing
slurry having a pH less than about 4.0 including from about 0.5 to about 15.0 weight
percent silica, from about 0.001 to about 0.2 weight percent ferric nitrate, from about
1.0 to about 10.0 weight percent hydrogen peroxide, at least one stabilizer, and from
about 0.001 to about 1.0. weight percent glycine.

30 This invention is also a method for polishing a substrate including at least one

tungsten layer. The polishing method begins by admixing at least one compound that is



One aspect of this invention is a chem cal nechani cal conposition 17 JAN 2002
conpri si NP #¥EMpound that is capabl e of etching tungst EFTHSPE72 east one

i nhi bitor of tungsten etching. The chem cal nechanical conposition of this
invention is useful when incorporated 4n a chenical nechanical polishing
slurry to polish a netal |ayer including 5 tungsten. The conbi nati ons

di scl osed herein are useful when incorporated into a CVMP slurry or when

used al one..bihie BRLUAGH L ARkt B A AR ARAME AGduhRidOLbhl o aligiagd et al
based conpohents including tungsten, titanium tTitaniumnitride, copper,

al um num waet @l givg a tlhentied] imachartical deljshiapdomaoditinrshavingtaupld desanichncoirbi nat i ons

t hereof. The chem cal ne han'@cal cgngosi tion of.this invention includes at
bR Of SHBP -

| east one Y& EBMSSOREOLH _ YRSt ht R BUhGEE RN THEP YRt m

" conpound TP aDhedibhibil i SHINIESRIbsitias idHesl apRic@itd thedubktfaté, an@ acompound
t hat corrodes tungsten by turning solid tungsten netal or its oxide into a
sol ubl & t urgdt BRuE TR SPIsRCt pritidhe ubstiete Bpaaried efiviee susficiasbirole@oyTatet chi ng
tungsten gy, b B)iHGr 8GRk HRAE: FORPANGALS,J hat react with tungsten metal
or its oxide orm sol ubl e tungsten corrosion products and/or it may
refer to ais conposition that is applied to tungsten at controlled

condi tions, such as high pH high tenperature, hi h(g)ressure or
conbi nati ons thereof, ﬁéﬁm&ﬂ } E&%@BEEIET\, den netal or its
oxi de into soluble tungsten corrosion products. Non-limting exanpl es of

conpounds that are capable of etching tungsten include oxidizing agents,

fluori e cont aiHiengessoipuenits, rekury toragelrvinicaa siedimniak polishing xampesitsi d 20 and

mal onic actlhgt' co&%ﬁx s.(?ixdoq'l %chgth%\gl%rlta abﬁ:t (i'hetc e grg %{}m%lg larﬁl}élasli %Reeﬁlhigi{ rI ow pH.

Soneti mes, conp $TEi‘on pH- can enhance ¢ ne féngsgten etchi'ng rate o

oxi di zi ng @endsen eldiimgc Aiip ebiermicd apahdnicabiolielisd torgpdsitiog s ead of pdlikh &

i nvention may be a fluoride, containi ng additive. Fluoride containing

addi tives l_ﬁ e t‘é’égsfeﬂnﬁgt%f'?yért erarited valp beubsHptek poRpFFd: "ABriNES LBnt ai ni ng

addi tives jhBu@iRg 3HLEPYShsBales! TON. LD PIHRY 8SbshielSEEM shishdfel dfd2@n&oNt ai ni ng

additives include fluoride salts, fluoride containing acids, fluoride

pol ymets, wheiraagsyasgrchiesd witly imégrated cirquas.ghimi fdmé.| maltipld devebsermadoniyrgpraddi ti ves

that react_with.titani ueous, conpounds.that . .are applied t ngsten at

t enper at uraen\s/c,yl, Wﬁ%&/ o?n pqlé’r’qécuﬁﬁ’at epF %er%‘fae Teﬁﬁﬁné el Ole'%(’: i ﬁ(grg% Sglgnf(gl tIth%‘wi thin

t he defi niinv@monfexbibitpexuetiantt raishing @efampabte wikn alsehiid golishng stiesrateV\hen

conposition application conditigns are controlled to cause so turf]gst en

et ching, tAEHINE oPg 9 BPrE lAYES PhAPNESBIUTTRBHMp AP ditanien ABRYS BYe gt 2

conposi t i ofbsiBRP ClaleOffePar anet er . 1 7 JAN 2002 WD 991 05706 _'7_

PCT/ US98/ 15572 The inhibitors of _tun?sten etching are effective at

conpos?t i on pH Befens descrathnaitthe deraily of ithe priefuerpreldrrehambpfimesisngfoldist i ons of

EE;?} ;Bgﬁ?&g&@oﬁayo?neaop 't_}lneoIean? %I?attar} stgdb Rgr%in7wﬂ &“Qefﬁ‘%&t 'Pi(eef‘cef\)rex%mily less
mechanical composition” refers to the combination comprising a compound that is

capable of etching tungsten and at least one inhibitor of tungsten etching that may be
used in conjunction with an abrasive pad to remove one or more layers of metal from a
25 multiple layer metallization.

The term “chemical mechanical polishing slurry” or "CMP slurry”, refers to
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 is not limited to semi-

30 conductor thin-films, integrated circuit thin-films. and for polishing any other films,

surfaces and substrates where CMP processes are useful.



The conpo (,‘Og.;bgbl e of etching tungsten may be one or nore oxidizing
agents. 5 € 0OxIdizing agent used is preferably one or %Tlgssigﬁc’}?’éani c or
organi ¢ perconpounds. A per-conpound as defined by Haw ey's Condensed,

Chemi cal Dictionary is a conpound contgining at |east one peroxy group
(-O0O) or a compound containing an elenent in its highest oxidation state.
Exanpl es of conpounds contai ning at | east one peroxy group include but are
not limted to bydegeerimgs Q%'eﬁlﬁmﬁ?ﬁ'chén%c@%%?caﬁ&&ﬁbo@ﬁiowcﬁﬁ hyds egen

per oxi de and percarbonates, organic peroxides such as benzy er oxlI de,
peracetic &empoundrifiatds cepablet of etphing tungeten rnh ap deastubieainb®it(SEG1Yngsten

di persul fatgs. ( SxO~ odi um per oxi.de. npl es of co nd

cont ai ni ngtegﬁmél e]?r’)egn%}fepﬁcglpt@ecﬁ?nérﬂesctomB%Itbod‘t iogﬁtﬁést H’t"é"tloﬁcfsug‘g&{’juﬁ”ﬁ’ﬁ?e not
limted toineerpomkdcinacihemicpienédeiia® psiashing slupgMBIPANICa AfiafllaybSinBBHiRg OMat €
salts, ger chloric Eci(gé _]E)e_r chloric salts, perboric acid, and perborate
salts and PEENEhgARGEURbINaBeRs disclased hergigireusefid avhse incaeoraied infree CMIhe

el ect r ochegj i by [ i.m to

br omat o5, Ghy or st Ber R Bond PAShORIRR VN kG Bt oYl Bal el BN
conpounds beh campammtninglvdipgr tungsteni titaatuen, Raefier siedeoxbghezi fignagent s are
hydr ogen peroxi d d its.adducts such as urea 20, hydrogen peroxide and

per car bona aéqga?fu"?jgangaﬂi”@ ngg?%fpﬁgaglogwﬁmggs (FOBYINPAIS 86T, per acetic aci d,
and di-t-butyl pes exdnfial FRASHAI SHMPRIBE SRR hverffoRShGtdek 3k 8 2808-) .
sodi um ger oxi de, and m xtures thereof. A nost preferred conpound capabl e of
et chi nd® t uRYBRAAd that Kyeapablseel gidvngxtungsten.Odihditerim troapewtdscapatpabf eclifig et chi ng
t ungst en » L: verall 2s chenm cal mechanical. pol j.shing
compos 11 ontprerisaREl bkl iR 8t BitonfE il SR WIBSH P oirRarl:
percent. | tungSerpnetlar v dxidh arito ®Beutdd wAEMeR O¥bsbZprogucadAndotnpbndh@sent in
the polishing copposition in an anmpunt ranging fromabout 0.5 to about 10.0
wei ght per e@ﬁfel? Og‘mﬂ%?"ﬂ%ﬂsm%ﬁ ingluge-one QY BYQTS GMPORRIISUI react With sungeipie

i nhi bitor gfel yp i [ofaTapel b hisgs : ver sion of
solid tungst ethi g%gﬂgeo%%%%tgmg&i&négomoﬁggﬁ%l %Idgo? ]{ E\%y g%?rre%ti?rre

al | owi Ay t PeMRoSiPO diat isoapptiesl totwugsten. at comgdied nortdirionas, sudh Zs Bih RO 0RAZMO

991 05706 _g. %CUSI%% gp?)eSZuZe sogft gxi tcli ze fifl m t hat can_be evenl% renoved
by abrasi oh PO assest o Conpdti PrORENMH A0ere e WAL OO HAF KOPSFLOLO! t ungst en
et chi ng i ntuhpken MaMPE N OHdORW BUbRIthi9eR Rofr8RSAMBIREG. f unctional groups such
as nitrogen containing heteroycles, al kyl ammoniumions, am no al kyl s)

am no aci ds. ExHfih|i@Eing examples af cempeusds éht grapapbble of etchihgtungsied indiedai t r ogen
5 cont ai ni ] L 4U I [ s.include 2, 3, 5:trinethylpyrazine,
2- et hyl - 3, g)ggll?ﬁé% Ry bﬂuﬁgéeﬂé@%ﬂ&_ﬁ%& o?"rrlgg’, aréoggertg?/'?'c BYPY %ﬂCB,”Wnﬁf%ﬁ%‘Fne,

hi sti dihe, argly makinive acidhe Meinyi dladighe agats wickt wngsent ke l@ofrateSaampl esHof
corrosion inhi bitors that ik?d ude a nitrogen containing functional group

and at | eadl"OHNES CHEPTONA" GoERSe N &ngtien ¢ieiivg mieol ogidizing aepie f unct i onal
groups 10 incl upg @npoaddDBSe bF BEHEE UnostCy 8 Hid fverftio aglaf?@ﬁchuo ide .

benzi m dazol e, cystine, thiophene, nercapato pyridine xI de, Phiam ne
hydr ochl or faainingeaddiize hyluotine congaining aidltivesdeefupas-wngsencapans hagbt biyadi azol e

and m xtur he term "al Kyl ammoniumiaon” as used ei.n refers
to nitr ogeﬁﬁlg}gmﬁ% %‘)g“?;‘é’ﬁ%%{?ﬁma‘és Wa%’i H ﬁ%‘fthBn%xa&pf?ﬁﬁg “i%gﬁ{uea# pr oduce
al kyl zmoainaminoaRilves aaueo Buolie Sik Uiiosias conthifing aM8d, fRbridd }SMk/ﬁBi@Pni um

ions produced in aqueous sol utions including conpounds with nitrogen \
cont ai ni ng?7d; 284 Othep ARNIG ObiNgEzanis Thoriderncopiabingosddisyputhrtonagy Withniariwre. conpound

or conpoun ni t e ont ai ni functiongl group
corrosion 8%6:6@?? @?%OUFEPB E)?gedgétptlalg‘? ﬁé}?'%}g?[ (eil(li:ya1 : at?rnﬁ%eﬁ{lgreﬁf a'%glt/?{yf’ﬁénﬁ’ﬁhi um i on
f unct i onal prgmotepsngaten aghieguiso Sal williio the piefisitibresSconpding 1kt iaRCéapsife FPNOqUAt
isles 20 (i sostearyl et i mdidonium, cetyltrimethyl ammoni um hydroxi de,

al kat er ge %Cﬁ?“%é‘ﬁ‘g ‘H’ec%“— SOTERORNIPT BPRYEaton| canditigusraieneanbpled atoi epust 336
(tricaprylag | erIMO AN CRI QES t 0l (4, Liwt hvl oxazol i di ne),
tetrabutyl arr%f)%?i ?Jtm hDY%gﬂtdg.&é%ggwagE@E@@ Pét %atﬁ%tcﬁgﬂé%%gﬁl "ﬂ/ndr oxi de
and mi xt urapplicater poémewdsef ul ami no al kyl corrosion inhibitors include, for
exanpl e, am nopropyl silanol, 25 am nopropyl sil oxane, dodecyl am ne) m xtures
thereof, and synthetic and naturally occurring am no acids including, for
exanpl e, lysine, tyrosine, glutamne, glutamc acid. glycine, cystine,
serine and glycine. A preferred al kyl amroni umion functional group

contai ning inhibitor of tungsten etching is SILQUEST A-1106 sil ane,

manuf actured by OSl Specialties, Inc. 30 SILQUEST A-1 |06 is a m xture of
approximately 60 wt % water, approximately 30 v~~t am nopropyl sil oxane, and
approximately 10 wt % am nopropyl silanol. The 17 JAN 2002 9

am nopropyl si | oxane and am nopropyl sil anol each form an inhibiting anmount

e R .. o " o o, o,

17 JAN 2002



The chem g oofgBpbiani cal conposition of this invention oplt.%l%gglg) Y57 nclluaddN 2002
at |east one catal yst. The purpose of the catalyst is to ransfler el ectrons
fromthe nmetal 1o being oxidized to the oxidizer (or anal ogously to
transfer electrochem cal current fromifhe oxidizer to the netal). The
catal yst or catalysts chosen may be netallic; nonnetallic, or a conbination
thereof and the catal yst nust be able to shuffle electrons efficiently and
rapi dly between THeeinbikitsts o€ tungaieh erettind ars Worsdivatae csiokiaé® pHRY §F & aBly, the
catalyst is_an iron catalyst such as, but not |limted to, inorganic salts
of iron, sulH dsisirgaradthpy the gpmpasitipngph thigtieveniiorokave rIpHoef less thansabottat e,
iron (11 or I i [ uori des, chlorides, brom des, and
i odi des, as7'\t/)ve (?mg% plﬁ%%%ﬂ%%%’khgg?&%teégron&t es and periodates, and ferric
organi c iron (| |Thercompbyndompgbiriofdschingabng@en bialy beohe bi mbleatidiinggpefiat es,
acetyl acetopates, .citrates, gl.ucon t%? mal onat es,  oxal ates, phthal ates,
and succi nal ¥s X GRNE RN el { B RTElsFably One 1Y BIRFealiNpsEanif T LISHTRPERt i n t he
chem cal Le&l pal ishi i &d [ n My about
0. 001 {0 aneT S | LPGH COPRRPaR, ARy 1), M ARPY ol Lt 2P
be present Pigtiorey ciear walponedt taniamalg polléashiong peeoxyogidup 0GO-@-)aor anmount
rangi ng from about 0.005 to about 0.5 Weh%gt per_cfe,nt. It is nost preferred
t'e "EB87H

that the caARPEPY GOPRITHRE SneElERENG o J¥1436R §¥e-an BaBRlsE Hfangi ng
from about &npbuid iRt at0leBh WRI BlFbxPRFASNIncludd But P Hot Amikt Rl yst in
t he chem cal nechani cal conposition of thi's invention may be varie

dependi Hy upEFegen@ewxidgiand i adéusts sugl etlurephpdrogénepeporadecandartraxbataes.ng agent
hydr ogen pe, I i S: j i i.on with.a preferred catal yst such as
orri ooni ropiie pelotidee Sl & GAPDH BAbEE Myl Bhe sl b  RiFh 8 Bhos: ti on
in an anmounhonaprgutige3Ed,rorigbalfaed (05t endddaliin ferafldaei ght per cent
(approximately 7_to ﬁgo &%m Fe Aén solution), 1 7 JAN-2002 W) 991 05706
PCTI US98/ 15572 -E@mp CWRPRCEt OB Rgh g §eaTent it B Dighest pxidaon Heli cal

mechani cal pebisHuR%rs! Al thi L1,0 ) a ofted as a
wei ght percent of the e#l{{ti ygqg%rrtgogﬂyayﬁﬁéhh gﬁégatﬁﬁgﬁ{’nh\gré{:%ﬁgr£C§A§i ght
met al cbnt dienbragaonrpsupedehiotascic.opgetiledc itk ypeabaiteddid, pmd gertoage silyy wei ght
of catal ystanids eV\r%| rIwa\l/lvitt hih% thﬁ scforgoe of cat a‘lgésts in tﬁ_i&z inventi,or]. 5 The
term cat al y5t RER HEEE netPEPIFS TP AE SAPRSWES thas iysh s eGfEca Rict he

catal ytic ntaltiaceqpiéhasts irehe biftte HOVIiRYedvd BImaek, LH16ra8! Aroinkied, he
conposi tion and wherein the netal catalyst concentration in the CVMP slurry
i s from abdtates. isicaddiandseuupShY ofompesndsseehngs anynenivy carumg mitratd pr ef er r ed
chem cal nmechani ji £ J f IS 1.nv ion i.ncludes hydrogen to

per oxi de and an F??#Srnr%gg?g%‘g %l?ﬁér%)?%cﬁgéegggpéxﬁ% %nfjtlgrasg%cis ts%cg'gaét{aeﬁ et chi ng
for thi3 cdwdugen iperoxids ayidymersaghonates,noppaxy pabkiagsoduch aambrampryrbsiaé,oxane,
and mxtureseéthereoé. Th(f pbreflerred i nhi bitO{S do not adverse effect the
iron catal ySTEYHE A8 Fdrouhi pefardes mEnerersy et BiRsos diPeshlfateoiBeroxi des,
and they daoBiin gtraHid b@Rres BRHGE b ghe
chem cal rrechani%;l conposi tion of th%?@ﬁ%/g%{l?grﬁbrrﬁgﬂyﬁgggg%%?fﬁ@nw It at
| east one dBPERENVE hy@operoRpiersdea CMP slurry. The abrasive is typically a

met al oxi de abrggiy oxj de,abrasjve may, be selected fromthe
group i ncl udi ngi)%]l ul?inn g?%‘?t%%ﬁ%bé‘i Otz?tféglg itgr,l"Stge@r"r}%P%,pr%szti ’@a&’ecc@'ﬂa and
m xt ur ¥ t lrdemiotl m¥theniENPpdlishing yomposithinsini aavamiuno Rargingf fsrabibyut 06liydes from

about 0.5t 1 S.0 weight perce or nore of .an 20 abrasive. It is
nore pref erag8‘g‘%h%‘0(€$€‘rge"teﬁtagt fs_tFEe Eﬁfﬁgﬁd’ﬁ‘wr BPre HidzinmissntsivpreseRtPudes
from about e Bolishin@R@Hpotifod iVl EHRSuNP S tfr&b%@(ﬁl\}\g.ei ﬁgﬁﬁ'&bu?‘?ﬁ.fo \gi@ger ably

fromabout 1.5 to about 6.0 wei ght percent abrasive. e neta e
abr asi ve n&#f#'d8t. pr oduced by any techni ques known to those skilled in the

art. Metal oxid brasi ves..can he.pr.oduced, usi ng.process such as .sol -gel,
25 hydr ot her mal Pcc?r%,pogiﬁ%snif tﬁ’P (5"0"@%‘??’ ‘8‘3“%;??&38(:%& ‘PBP?H‘&ﬁﬁF’hELPUPg-ng f umed
or preciopi tRicedomphial Whibitesthe PE@iversinl ¥f sbhie wBdan b d@nibte aufdigd or
preci pitated abrasive and, nore preferably it is a fumed abrasive such as
fumed sili CRMBPURGSTEWe At (b6 $rane tipe akowdngthe, copmesierotbueanven tofgsteuned net al
oxides is a well-known process which involves the hydrolysis of suitable

f eedst ock vapor (such as alum numchloride for an alum na 30 abrasive) in a
flame of hydrogen and oxygen. Mdlten particles of roughly spherical shapes

are formed in the conmbustion process, the dianeters of which are varied
t hr ough



T JAN 2002
706 PCT/ US98115572 -11 process paraneters. Thes&
ﬁDIYt éﬁNspz)ﬁg%ggygﬁ?giPﬁm na or simlar oxide, ltoypi cally r el AYRY Y as .
primary particles, fuse with one another by undergoing collisions at , their
contact points to form br anched, threegdi mensional chain-Iike aggregates.
The force necessary to break aggregates is considerable and often
considered irreversible. During cooling s and collecting, the aggregates
under go f ustferidized filrsiharcan batevemyrerpsed by dbﬁasﬁfﬁn@i@ééf@%ﬁﬁ&si%ts gﬁ‘agl ement
to form aggl onepates. Aggl onerates are thought to be |oosely held together
by van der%%'éﬁeé‘?f'@&’t‘@@ ‘gﬁ‘éf‘gé%ﬁ efrdingdpapdee@mpourts ,hade% a'glg)!ggmremraaieid% by
i i } i = i plifat abr asi ves may. be
anar act Ur o by By e R PR ot Ao hEEUL S SRR PR RS T ¢ ne
desired partyls] ewinbrapidsanEsayuseu st neefilutortidar inkibigork rtlflitui(ﬂal‘;@e ?Itln{yeghdsal t
i . ._AGI her coaqul ants. The particles are filtered.

washed, *ar FSEnE Helthodle dirFofh WU dBRico - o RETeb GG NG Spitvitdt o by
convent i onalimdiediyRiANees giREMNIng 0 4H9BepskdIL | effritifbidde hakiline A R ' ed
metal oxide will have a surface area, as cal cul ated from tfe thod 15 of
S. Br unauePSZplifAzolEARdmixtyieg thereofel | er, J. Punerican Chenmical Soci et]%/,

: : ngd . ly.referred to as BET, rangin rom
2bout 5 n/ g LorShant Fa0reary MDYt RS e G b S about
| 70 n2/g. Bueptapd st eastgeafunpicrial grobp qelbdi@sth shiblNortshBidk GrlchEMS Lf ipt he

referred nefal oxide should be of a high purity. Hgh purity means that
!to he totlgl f%ﬁﬁ? igﬁ‘\tfﬂ?:'@?ﬁ ?ft‘j’,ceq‘)r BYft UL erescaggie hepamidazglersy sime athiopberienpur i t i es

[ i ' ine | i.cal St % ang .

B ef er abl v | oan ot bl g e hESEARE: {efeld B b B 2 o et
Itohe met al ~ GXiEBPED;-3rhigdiazelsraed snixtutsk theptodl  oxi de aggr egat ez_ havi ng Ft si ze'

i i i ‘ 0 mcraon mean regate di anmeter |ess
'?Ihj;lr ;Egu 08. Leﬁl&cﬁegﬁngﬁgpg&?épgrg SUf 1 Bf%n}?er?”b ’%gfgetr’ HHLHVEIEHIHRE t he van
25 der \aakenjondevhetfivetondlprams gt sGOiTEaRE @iyl HEABRAN fohs iSHGRope! al

[ asi.ve has.been f to be effective in mnimzing or avolding
g)élr gte c?]l%) Lg?A‘E}H“S-niﬁ’ﬁi?vehf’%P)ga'&wamamweﬁs R9A¥cEd én pagsers sdvtianssndudingg

pol i shi ng. cdhmuadowre ak@gs gcﬁltéilﬁxﬁé Hn%&apﬂo% i% Q?url%flgr? Spgohlnpq%eg-i %’84]. may be

determ ned utilizing known techniques such & ransm-ssion’e
ni cr oscopythe TEmpountios compaundg chraseat Exadiplesef aitrogef @nmiring fuh@ioaveirage 3U

i cal- di when using TEM | e anal ysis, i.e., based on
The crose (o anr e AIEb Shu A B Bhal s ok GO 4 ibAbcEa ol t er
t he surfacgoppt eat | ajuears tdotutionl PHANIZD0haNO 9P| QRi(QS mw@qs/igigsn. - 12

hydration f.orce he. et al. oxide particles nust be sufficient t9 repel
a%dr gv&éo?co{lrseosrteﬁ’g%%ghmﬁiﬁm1 Seftpmetdyl gemepivee Sydexideenlkatsegepdr t2cl es. In

anot her pridfpeideaslylenhagligaboliddhe rtbhAl), Al ge 380145k 1 SRS, Of
Fés §

di screte, individual netal oxide particles having a prinary particl e
di anet er | €4idehaptapet 30 (drdodinetydenapolaing), atesrabiftplaemaniem meaokidg f rom

about 10 n&&cﬁﬂni@?&?an‘%ﬁgla%&ﬁum hydroxide and mixtures thereof.

Useful amino alkyl corrosion inhibitors include, for example, aminopropylsilanol,

25 aminopropylsiloxane, dodecylamine, mixtures thereof, and synthetic and naturally

occurring amino acids including, for example, lysine, tyrosine, glutamine, glutamic acid,
glycine, cystine, serine and glycine.

A vpreferred alkyl ammonium ion functional group containing inhibitor of

tungsten etching is SILQUEST A-1106 silane, manufactured by OSI Specialties, Inc.

30 SILQUEST A-1106 is a mixture of approximately 60 wt % water, approximately 30 wt

% aminopropylsiloxane, and approximately 10 wt % aminopropylsilanol.  The



It is preferred that the netal oxide abrasive is silica havin surfa
area of fY8iaH8ut 120n2/ g to about 200nz/g. Preferabl y,PCtTﬁlésgg@?Q oxi gg JAN 2002
abrasive is incorporated into the aqueous mnmedi um of the polishing slurry as

a concentrated aqueous dispersion of ngtal oxides, which |0 concentrated
aqueous di spersion of netal oxide abrasives typically ranges from about 3%

to about 45% solids, and preferably between 10% and 20% sol i ds. The aqueous

di spersi on gfindRbAsiO¥dnde and BniRSprofyRIMGE habil i hird 1 B IRRRUENT ArRAAL of

t echni ques, such das slowy adding the netal oxide abrasive to an

appr opri at ecomestianding fabkylagxempineionsgiati aopH reegithameaut 7t oA hrshprafeced kwingal

di spersi on. 1The rparti.cl.Fg ma%(] be (?I/ashed. dri.ed and |Is separated from

resi dues of 2Iof RUFOSIORARRIPEA 1% el TR FRINGEeHE AYht i onal t echni ques known to

those skilled i nmHehghiBikdr. of BgstnSqEHie MBulidSoet prodeatilnl the GORMPbSEi@Tobhis

subjecting it to high shear m xi ng conditions known to those skilled in the
art. The pHnumtiphdn AMpuals FRaging dToimjahetted08hdy bPuneOnweigBogpiedttr #¢ poi nt

to maximz ' h b r LSk

addi 11 ves. o, £ BbaEbionS fo sbodto Weldy $MR, B hEH PRI Bm i ca

mechani cal gbohbi &bl togabebiu®. i § wefght pereeni. nventi on. A non inclusive list is

' ' ids, factants, d di spersi . ts. An. ' |, additi
whi ch iy be USSR G PR AL ERICOROT &' Ghe TWATED GRUBRM J600tnd

i norgani ¢ OI%a@rog@eétﬂ%a.erm%m BGfitke dbysPiseanmsfePbleardBifAim aRMbex. For
exanple, it is well known that hydrogen peroxide is not stable in the

presencé of b padizedrotthe okigizer (o ehdegousihéo trawsfasfelestragiemicabeyrenF§omt hi s

reason, the e L n I I.e | Spd [ ggy.i ude a
stabilizer. th%étaxhog%m ?ﬁ[gé S eaarl)?l ﬁ;‘grctd{apﬁtegrog%t?lggrg%?héésgé{gﬁ%(s&qan lichgglll nor gani c
or organi c petallicoopswothbimayorr eacbf bl ehenmmuar nukiabe delgradastilt i:cpeis
compound rapj.dly over tinme. The addjtion of stabilizer t onpos, ti ons of
Ehi S 1 nvent FEHCTGIE coE BerapeP e opidresddgpe hab S eaee. MRGralor® 1 he 30
choi ce of t&Ral}sy Rindid cﬁﬁ?,&‘%cpﬁg htaRt it 103H6@enit Qallsh ireRNRAS AL k@ 1S

i mportant and has a significant inpact on CMP performance. 1 7 .JAN 2002
WO 99/ 057081 pe Tiluswrstes drop (1 or HB snifatgdieent (Wer WH) dplideayingadipg dpotideii th thi s
i nvention i ' tahi.li.zes . di iLn . he met al
conpl ex. 1 1 GRS ORAE A LIERT o) B B bALA Gk Tp Rl M P e
presence of amiafeyriaretgahici iesrs (M dridl) t coimpeunds esuoli asttabinot 2@tited tbodcetaldss
reason, the CMVP conposition and slurries of t,h]is i nventi on mag s include a
stabi | i zer . 2SAATEGPAEH SIS SfUComeS. RINUET Axplates.aphalaies. 3RF P agent
may react i ghdaniBRQ8herkdrat degrades the oxi di zi ng agent rapidly over tine.
The addition of a stabilizer to conpositions of this invention reduces the
ef fecti ¥&ness of Theratalyst aiay be presane iethe eleeni¢nd mephsnisal pofishingecampesitignéh anount
of stabiliz t R IS 4 d ignificant
"mpact on CRE*RANE Sukdhe 6n FESTRRNCY 83pbid 2 TRRILHERL AT 10R Sy de il
conposi ti ontheasathlyst wilt ibepredent i thei cheithli @Bchasicrgdietitd Yompebitiont mogh t o
create a stabilizer/catal yst lex that inhibits the catalyst from
reacting wi ?fﬂowééngwsgm 5 AT to shgpt %E»ﬁ@ébp%?enﬁh_tgs apgcnf%fgﬁ?%th@he term
"product  of iHeh@rafkoditl R pRlsedin HRARmpBAGorCiatadl ardtintaNiRY frBMl dbbldl €0 pYd dati on
states and at |east one stabilizer" refers to an adm xture of both

i ngredi eht sakest B9&eveight pergdit.conposi tion and slurry whether or not the

conbi nati on of '?%rﬁ%u%pgﬁcgtﬁg% e CRURLE Krekfhnk RS O%E&gsiﬁ&%)gﬂﬁk-inééﬁﬁ&}“ .
stabilizers include phosphori acia. organi ¢ acirds (e.g., adipic, citric,
mal oni ¢) or iy pbtiraddi deperitd HohAle oxidiging hesnated c onpdUAE prefértddraxidisingand

ot her ligands which bind to the netal and reduce its reactivity toward
hydr ogen pef%Rt B¥Irogsn REEXASdS Pisdan CbinaiioR it PIsEries fcatalysigsugh pgfernc
stabilizersg,; | i j ts o W Aate can
be used ins?@g%’ggcgﬁggkggbggshﬁg aéf%gﬁﬁgfﬂggggggggné?5?%F§agggﬁ¥%htion

t he ter @ " afpu"abast DO 30 wbed ©.20 cembr preerudefrubxisktelyi 7 ita &88 pphsbe means t he
conjugate base.of the acid stabilizer. For exanple the term "adipic acid"
means adi pi 08¢ and its conjugate base. Stabilizers can be used al one or
in 2, conbination and significantly decrease the rate at which oxidizing
agents such as hydrogen peroxi de deconposes. Preferred stabilizers include
phosphoric acid, phthalic acid, citric acid, adipic acid, oxalic acid,

mal oni ¢ acid, benzonitrile and m xtures thereof. The preferred stabilizers
will be added to the conpositions and slurries of this invention in an



~0 anmount ranging from about | equival ent per catalyst to about 3.0 wel gaN 2002
per cent owor?%(gﬁo‘gnd preferably in an amount ranging froMCABSEY15%7%equi val ent
per catalyst to 1 7 JAN 2002 WO 991 05706 -14 PCTI US98115572 about 15

equi val ents per catalyst. As used her %ion) the term "equi val ent per

catal yst" neans one nol ecul e of stabili"Zer per catalyst ion in the
conposition. For exanple 2 equival ents per catal yst neans two nol ecul es of
stabilizer for : [ e prefer tahi,lizer is from about
1 equivalents p??ecgbaﬁggftéé%ﬁ%agggﬂ%fu@a%{g‘ tgaﬁklle\?qé azn e‘?"“%@%‘ ﬂ@ég{érf%/é?ﬁyof

mal oni ¢ acifithariaverist arp perfeedligbéporicd agm abight pekednpofah@ettirdc@tpouvial Thd s

mal oni ¢ acid. The chem cal nechanjcal _polishing conposition of this

i nvent i on Hssohigh mfogeﬁhlﬂr P6ihapetah cHitaipng GRgRYUBAS (*&Fc?ﬂl”?% g2 FaEle as wel |
as good polistiNg dyah&shi PR & et th deopd &cﬁ%@ys{s'iﬂrﬂhis ifenfhem cal
mechani cal “pol i shing conposition exhibits to desirable | ow polishing rates
t owar ds3t hdheiainaptahisc whensusedibhenay dismyecomiidsees compagids mberewf the batglyiimvent i on
may be produced using,any t i ques, kna to.those skilled in the art. For
et ¢ B Srabie R0 han P R RO meBL e SPossm oMU whi b
acts to i nitiebhdtaltcuayst @ncedtratidng tieoMPeLERTPHBAAbAR DAL 8bARBLYG Pm bhe
conposition to a_tungsten containing wafer or they may be i ndependently
appl i ed tot@?vafaﬁéluf%merﬂ@t-pad or to a tungsten wafer before or during
tungsten vafer g réf@r@%&emﬁgﬂnﬁcﬂ%&?%rh?&it f otfmissi %&Y&%El%esrm){rgg%{‘er ally
be manufactured By conmbining the 1ngredients togep er 1n any order. In one
met hod,10 f operexidaphe antiln cavatysourithecapfebikeé infibietrc bf nggitemngshey fandhi¢ ungst en
etching inhibitor are mxed.into 0 aﬂueous medi,um such .as dej onifzed or 20
i stilled SETRITORES By EneiATRGH SR Eh AN PEPRHSAIRDR Mol S riestFo!

condi t i ons THAprdferSddCMhBRED UBCRGtSadRbBel¢ QREETHE idonHafhiRl, MBE, bR dehgvdipdi um A
concentrated di spersion of the netal oxide abrasive, such as funmed silica,

i s opti onaFihle 4@ deepmresitipe irpdpaieridasdand thay €8 nobsighacagty reduee [UasEhg | evel
of abrasi V?oliisﬂingbﬁe{]i nal CWP slurry. In addition, . optional catalyst and

ot her additives®such as one or nore stabilizers, may be added to the slurry
25 by amy met ho@ihd ¢tetidabmedilamcd] @oimpesitiqnasfahie inverdtmh ntagtbalcginbimed ofitpaunds  of
this invention in_an aqueous solution. The resul.ting slurries are typically
filtered t afte%\ﬁé’fﬁsaf 8 pé?fﬁl‘f;%.ﬁ'i tsg{”yr n%bl"r porpgve ’ngcagéﬁ af’??F’taﬁoﬁ“?%m t he
slurry bef gb@siid The MeROoxiliatRNMNNREy BRINREEI A1l ihasdin@afinsat al yst
are adm xed to forma conplex prior to conbining the conplex wth an

oxi di zi ng HEE Zisweis. SFMYEr Blikan corer o mturghihgrenhy The CHEC gnmy oS Heel by
admi xi ng t E}R/erﬁ;o%tﬂulréfkﬁﬁgl ixﬁn}aesafr%ta%ut% geab%ptr A3 X@lght percent or more of an

20  abrasive. It is more preferred, however, that the CMP slurry of this invention includes
from about 1.0 to about 10.0 weight percent abrasive, and most preferably from about
1.5 to about 6.0 weight percent abrasive.
The metal oxide abrasive may be produced by any techniques known to those
skilled in the art. Metal oxide abrasives can be produced using process such as sol-gel,
25 hydrothermal or, plasma process, or by processes for manufacturing fumed or
precipitated metal oxides. Preferably, the metal oxide is a fumed or precipitated abrasive
and, more preferably it is a fumed abrasive such as fumed silica or fumed alumina. For
example, the production of fumed metal oxides is a well-known process which involves
the hydrolysis of suitable feedstock vapor (such as aluminum chloride for an alumina
30  abrasive) in a flame of hydrogen and oxygen. Molten particles of roughly spherical

shapes are formed in the combustion process, the diameters of which are varied through



di spersion to gi ve an abrasive/stabilizer dispersion followed by adm %i7TngN 2002
t he catal Y& 991 05706 PCT/ US98/ 15572 ~ ~ SAN 2002 -P&F/U§BR5he

abrasi ve/stabilizer dispersion to give a catalyst/stabilizer conplex in a

met al oxi de di spersion. The oxidizing ent is then added to the adm xture.
When the netal oxide abrasive is alunina, then the stabilizer and catal yst
shoul d be adm xed to forma conplex prior to adm xing the conplex wth the

al um na abrasi ; Y. o | ive.
Some § iy biTore ey RS e el BBl i Wil DR Sl ey
hydr ogen pepaxipdmanyrpaotfidiesy fuse mihsinkiaaokhechpadiesotfy @lizhnngt theingsien. | f
there are conpatipilit robl errg. bet ween the inhibitor_of tungsten etching
and ot her (R?I[‘%%Eﬂ‘l b ég‘?demrg‘? iMsaHoRah shai ik eaaetrsateh o & e fases BesRtstMed with

the ot her ipgr&edi &QFcﬁat%MnﬁH&hMe Bed Qken H&ﬁidex{gg TR AP eRIh S ; ;Pe

present invention nmay be supplied as a one package system conpri si

| east a Scorgdstalleemgc sirabigregdteseundargy funtheg stodlisioanthaamayntesii tiorsook
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cor r espondiMePE FRPLFiAR I aa?‘éa?‘ﬁnle%’é- form of an aqueous di spersion. For
exanpl e, the fimpsf.; e i r e uch as
hydr ogen per oxi Oxlnzé,cq{%ﬁﬁp%ﬁhﬁ%g@%ﬁ%%ﬁ%@@ggggﬂ%hg%rﬁf gef:%g{’mgg%raﬁses an

i nhi bi t¥r dfy doagujsionrnf ghecddsimed partidesyfréaramaqéddue nedinel yndet the iffluesde afont ai ner

may conprise.a dr er conmpound or, fluoride cgntaining conmpound ile the
second cont%’é(&l‘hnsé'lfl ‘%/?ﬁé}“%m@é@‘i’ s R L F%P?’Bﬂeso‘?re ﬂterleé-a%’fs\gh e

i nhi bi tor afriell Wi sdpertedifidit RBidubd dTRNiher WhcEOE BN by RNGertiBhg SechfiqhiR! €
cont ai ner conbi nations_of the ingredients of the chem cal nechani cal

conposi ti o_HmQWB t@@PS%ﬁkﬂ’fefiW@Faﬂhi s invention are within the know edge of
one of ordinary &bﬂek&reh%ekir%xﬁ(eg}vm W&Eé Eredbs Q%&ga{éa FORVEE flafpat a
conposition including a conpound capabl e of etching tungsten and an

i nhi bi tGr off & BrgeuenPdl Ammg, asl Ldpldl & Aheqpah iChbmicg $ocia, tVglnse 6&t al

| ayer conpryj_ Si sten and titani ym at_ high controlled_rates ile
exhi bi ting ‘fa"’l ¢ g@%@%?%bﬁ“g CP’BWOB'M?@H?%’ ‘?Saﬁ%l’ ? %5\%5’183%0“1 pRoug? &1 }&:‘Pra @t ayer.
30 The fol |lainifg shéameterBlyiftdmiaiduetembs ef ssouethembediDIR RS Strbent ?iﬁt _
invention as well as preferred nethods for u5|ng conP03|t|ons 0 t%ls
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i nventi on. reaurementang the JC indugny1ths FogerraTmesb eidesikald be of EXERNEIL A
chem cal magRRRLA! nAal HlOwR b YASREERRREI AUACL Lo Syalyate the
UrP (0] tCPI tungst en. ,i\ S

ability of the resulting slurries andard slurry
was predar edpedresiagd ittage pfockssampg @quemnastss ol typicadly lefs tbar31%t andorsefkiably, 53 ppm

iron in the formof . ferric nitrate, 3.75 w H202, and 0.0~ w % nal oni c
acid. The ??ﬁs&cago\aiﬁgzg‘Fédﬁg ged before conbining it with the other slurry

ingredients as desits pleésret RenfbvafRhe the mIIBbkidd BrhOVdRkiGE &F ntthal Dxiddngst en
wafer were i mMmersed In the CVP slurré for 30 mnutes, recovered, dried, and

the thi cknéS8repuashipdng byizcediptabytion: ipss thae apatel Bfmicignggtrasan aggregate
diameter less than about 0.4 micron and a force sufficient to repel and overcome the van

25 der Waals forces between abrasive aggregates themselves. Such metal oxide abrasive

has been found to be effective in minimizing or avoiding scratching, pit marks, divots

and other surface imperfections during polishing. The aggregate size 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

30 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



1 o etchi then calculated in units of AAmin. The standard slurr
exhi bi ted%%@éten etching rate of 41 /nmin. 0.04 w % BETESWHEUAdS &Zav{//f\a'\(lj?ooz
as potential inhibitors of tungsten etching were added to the standard

slurry after which the ability of the slurry to etch tungsten was’ i

eval uated. The results of the etchi ng' sts are reported in Table 1, bel ow

1 7 JAN 2002 WO 99105706 - 17 Table 1 Tungsten Etchi ng Eval uation

PCT/ 11 S98/ 128k Rorfdikd by gﬁ@‘l

razi ne3532- 2th T3s ﬁ net %{a}{ am‘%é@éé}b% lr\%(%%llcﬁeené%srfp @3%"%?%%?’

dazi ne317Hivsn dchW@aﬁ&aazoivecf@@&-hwweﬁnlmqﬁzt&neew103 5-dinmeth 1 ra~ol e3811P
azi ne3l 12Benzi mrldazol e361 Benzot ri azol e4014P ' di ne451 Snono uat isies

(i sostearyleth I} r‘?f‘aﬁharoﬁfelﬁﬁ 18RRAANeL.; thet Rete! awidp mbagive may consist of
dr oxi de31 7 Aldsateiaidual Beheoliaciereslindnet Bils ﬁ%oala@gir‘hﬁf{ginQﬁO' d18al i

uat 336 (trica ryl net ammoni um chl oride) 221 ose t met h
| oxazol Pdi mwzo%/@nm%m 3 surfaominemTangidg 6nmchda4ﬂ121D‘EeZVg wradbix 15amini um h

dr oxi de4022d ut ei.neb24

benzi n dazoi e35 Eb%?"'?’r?éi‘%% %@ é‘%? HEVey s ’Sa F%mgﬁé“ﬁﬁa%&r%@f§m hi ani ne
h drochl or iabl@ﬁmmég tgtiont 200nt¥gur am di sul fi de39302, 5-di nerca

to-1, 3-thiadi az % 7 JAN 2002 wo ~~i0s706 _18 EXAMPLE 2
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i nhi bi torsypf KbrtAget qr.d al.uat e fthe
ability of vaF| ousgt ﬁlgr}?tégt? {algr%ﬁgiﬁur r esL§qi gg chgf{ rﬁ’%&st BN wgflbndard
CWVP sl dPrycmntpatecbaqmus:dnmrsm n’gmnafal amdaqhmws tymbalﬂ'gllrﬂxﬁge@ffroﬁw fboot %

silica. Thgesilj dIS bfore nbining it with the other
slurry i ngrgédl et Og’t \ég‘%dsoég d?“i ‘?{ fﬁ?’le%“ %82%‘?3 2;9|9/‘é§ﬂl’§befr§ééq‘éq°Pi ca was

conbi ned widisperion jop fMetal @ﬂldl&ﬂ’lmhiﬂﬁe bRydR A utfighg icSnvehiidaf ﬁ‘echrﬁ’qd@% shkizOz. and 3
equi val ents malonic acid per atomof iron catalyst. the resulting

slurry wasSlatpugedne tthe onesalpxipe beasive tacard apmroPMImedunm f for nexeimplees  of
tungsten VWalighi, Wk el RRIHSLol; 85]*]J$sp%n :t‘he vne?lncf]es.ﬁ;]ag%lg avi/aéHe e%{‘l g eccf vered,

dried and the thicknéess nmeasure resi

et chi ngs vvasepataead ﬁ:amcradlduescd)flothenmatﬁonl prbdlildfs bmivsmeun@hae@imauug kﬁovﬂ?(m bi t ed
tungsten e anounts of inhibitors of tungsten

et chi ng vveL o 8‘?:fd%(8 efid”t%?? arky iH]‘HQEFRFT%CWF Ppically eampigiecthy sulisctns it fotpistof t he

CMP sl urrysHear @by donditieRIRASIM 1oL \RilltAeHe halefd owhe s‘ﬂjrwof@ hod used
to evaluate the standard slurry tungsten etch rate. he resu

et chi ng teé‘ilgs%jr‘é"’%’écf%’i’ ﬂ@dsqehcmamp@t @ thaxdirowe célrbziﬂaéstﬂnlﬁam | eFor mul at i onEt ch

Rate (/m n)31No % ni_ne 30. 050 si ne8340. 05%
tyr osi ne26350. o 5%&?a‘%§‘ﬁél° i g'by'?( &?‘iﬁYeé Py %?@065’5% HORS A 14380, 015%

cysti ned Zdorwblwmonntobasehehem maiharnatlparuhi}@l shpgl bShiNBivedtidh! YA Was-
prepared. The cons?]fnﬂ(gS w % fumed silica. The silica was

'
pr edi sper seﬁluﬁ)’é‘? 6ﬁ1é5y8%r§6'?' |5Prf9ﬁ“i“|‘ts pkdignersdg agemifry i ngredi ents as
descri bed i n Exasmpdomal aEBﬁiv@rvﬂﬁ’dhsl?l@}V $edissul bR WRSInCOHERA g?%ﬂw&lﬂ h50 ppm

iron in the formof ferric nitrate, 0.05 wt % nal oni ¢ aci
stabilizes the inorganic or organic per compound in the presence of a metal complex.

For example, it is well known that hydrogen peroxide is not stable in the presence of
25 many metal ions without the use of stabilizers. For this reason, the CMP composition
and slurries of this invention may include a stabilizer. Without the stabilizer, the
optional catalyst and the inorganic or organic per compound may react in a manner that
degrades the per compound rapidly over time. The addition of a stabilizer to
compositions of this invention reduces the effectiveness of the catalyst. Therefore the
30 choice of the type and amount of stabilizer added to the composition is important and

has a significant impact on CMP performance.



2s hydrogen peroxide, 0.001 wt % Kat hon 866 MN bacterici de manufact uréd My 2002
Rohm & HadsQ 2%03@6dei oni zed water. The base slurry was adpasuvess/sss®h nitric
acid to a pH of 2.~ 1 7 JAN 2002 WO 991 U57Q6 - 19 PCTI US98/ 15572 The
slurry was conbined with various amno acids of the type and anpunt sét

forth in Table 3, below. The slurry etch3rate was determ ned as descri bed
above. Table 3 Sam | eFornul ati onEtch Rate t~/ m n39None46400. 04% c

stei ne?410. 05% c sti pe5420. 05% seri ne21430. 05% 3, 3-di t hi opr opi oni c

aci d40440. 06% 2, BMURYSHEYFy Whigh gnayabe usefylj with dpe ivamiones's onrivdbeh stakilizess show

that slurri e 6Rfaiz2 H 8 pre&REPOLAE Sl AL ;[169(9 hlhiE Qe Blovil! AL |§§d§’ pl N

conbination with a nitrodgen containing functional group are effective at
reduci ng turngstxede &t obi ngbleld EXXAMRkdnc8 A pahy sheugiomb uwithounabe prepdr ed i n

order to evaluate its performance gn_tungsten fer CVMP. Performance
par amet ers ﬁ@glﬁcgd Il’s‘?{ctﬁlﬁdéﬁo’i" ‘:ﬁ‘@ﬁéﬁ CB’Bg?%[_I‘ﬁ“_r%%rS&{rB%S. of AhiS{IBYFHHPY "8¥r asi ve
slurry incl udilng £s@beirdWiRescse kuabitpgd i d ths WP RIS i e-l;pﬁia%?

slurry was prepared by predispersing silica, having a surface area
150ne/ g undefadyiigh nAnael thaiodageddes thecwxidizing matre dapdls peesiime. ThHeeadditeper si on

was then filter uentially.wt .5.mcron hag filter, . follo by a 1
m cron bag 131 gt(r‘ja,bﬁﬁ%l Foo\ggrgp Hops 1°r}rﬁ%bsr SR L Felaﬂ‘%é 4”? I‘:?{S‘?t,'vea?fa ‘},}?ﬁ’ﬁl I>/y
with a 0.2. magign Chkiefordg@e fohbicelofipé oy gid Whowe drheabRizdki edddduict ther and

addi ng the remaining, ingredients. The remaining slurry ingredients included
20 0.036 w IMPPYHOR BiAPQuantiand hasea sighificast imeack pe CMR pesfosmarngahydr ate, 6.0

wei ght pgrcent ofp ayds; dl . L.oht t | oni ¢..aci d and
dei oni zed water with (3198@85\? g%@?‘%%gg iﬂ%e&g]d)g{glgg%sang%[uﬁlﬁ%s({fgﬁ S EYEPSE Bn
i nhi bitor. Tiresep#y ofidersieod ionarkats lausuibilixpsatalypiucingdext dainBibivk trhe Bduilpdic aci d.

The CWP sl \l;l\g was .agpl.i e%gt(o .ghem’ cal |l y-mechani cal ly polish a tungsten 25
pat t er ned f%? TRAGUNR gV ithithek e d 2 ngr agsphr 5 ik Rasy Bodis disggsutaufigsteen using
a SUBA500/ SMMcpmmaﬁkrermweaatdﬁe%ska%n 3 Lr}]?lgé\%géi-ﬁgﬁorpﬁétkéﬁg%g vas

1 7 JAN 2002 W O 99l 05706’ -20 PCT/ 1J898/_ 572 sing a 472
tool at a ddoait faecwatilizes” pgfers do sarumdmpitirewof dbth afgrdddsriat misad @ wabl e

speed of,.60 . spi ndl eed of 65 rpm. Wthout th r.i dazi ne
t ungst enbcorc:og{siglb S()lﬁ&?r? ?b“i?‘%r& VRS QP ﬁ\ﬁr ﬁgrgwﬂzftk?f‘t %ﬂ "E%E?PS%’E%&OTS?SU@
recessi ng ofcoalptentin 38 ppoduat.0. 5 mi croneter plug. The addition of 0.05 5

wt % pyridazi ne tung}st en_corrosion inhibitor decreased tungsten plug
recessi ng to abodtse®8etabilizers Herlydeaipsphosis aci. oraiaic asislsi (gigi naglipier ¢igiarance

charact eri sthQgnis UeRnsphilaAtEand EDTA), phosphonate compounds, nitriles and other
ligands which bind to the metal and reduce its reactivity toward hydrogen peroxide
20 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
purposes of this application the term “acid” as it is used to describe useful stabilizers
also means the conjugate base of the acid stabilizer. For example the term “adipic
acid” means adipic acid and its conjugate base. Stabilizers can be used alone or in
25 combination and significantly decrease the rate at which oxidizing agents such as
hydrogen peroxide decomposes.

Preferred stabilizers include phosphoric acid, phthalic acid, citric acid, adipic
acid, oxalic acid, malonic acid. benzonitrile and mixtures thereof. The preferred
stabilizers will be added to the compositions and slurries of this invention in an

30 amount ranging from about 1 equivalent per catalyst to about 3.0 weight percent or

more and preferably in an amount ranging from about 1 equivalent per catalyst to



uniformty and erosion. EXAMPLE 4 10 A base slurry was prepared for tt:‘|7sJAN 10
exanpl e. Whe9B&aee slurry included 5 wt fumed silica, 50 mpmudssoss7in the
formof ferric nitrate, 2.0 wt % hydrogen peroxide, 0.05 wt % nal onic acid,
0.001 W % Kathon in water. The silica was predispersed before conmbining it
with the other slurry ingredients as dddcribed in Exanple 3. After addition
of 15 additives identified in Table 4, the pH was adjusted, as necessary)

to the indicated pH using nitric acid or potassium derpm de. The e:n_ch

rates of eatdPubiurgyvaleiePrdcp@is- ndq usesl haseinngictieran fequinatend percaatabyse i n

Ex | 2. u jtLve e A m n45None2..329460 0,2%
TP e TPy et It bUeEMTELS e OGRS or 3a50Rre
dodecyl anm nefua0480ned 88aiSit mesas twAmokdtizs 3l &aNvRe For0H4H 80a100%0n.
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Tabl e 4 showutaghesthe cﬁt!d@ﬂ%ferﬂalfrﬁiggciﬁ he %\i;\g%@:ﬂﬂyp%ﬁ @ggi ! gg;&P&It AN

organic acid, oxalic acid, to slurry ver, “upon ron of _
gl yci ne, a emwmplsatsdnalerad asting a nitrogen functional group to an oxalic acid

containing slurr the. tungsten.corrosion rate pped. . The addition of
corrpoundsgi ncl ud?(hr?gc}lgrﬁ’eca]orp&ﬁﬁ'}"éa] 8Ol “ﬁSOQPRV‘!‘or’f‘g{{E‘P i"B’ﬁ%HongPE)EEF“stBW as
dodecy! ani n@, hayk yechigk raipgieA-(BY0Solighif® rab GRIICANESNE pEIRHBE Fatbh ovbdtast en
corrosion rate in conparison to slurries that do not contain an amno al kyl
functional GeEER. (TR nby pdditiqn, dhe chemica) mﬁc}'ﬁamlepdlsblhgv@m‘rpgfﬂl@meEXblblhﬂﬁ)gynds

i ncl udi t ek QOSIR J { l. re able to inhibit
tungsterﬁ}getécizkﬁlir%%égoo p&émgl&ﬁég‘é\?ggitlﬁﬁ?%kggg “?q@BHQ%y at we claimis: . 17
JAN 2002 -22 CLATh¢Rompogtiarhefithis dventmhas apropaled Shbing gnycecimies ksywn

i Si ng: d that is capable of etchjng tungsten; and at | east
one’ nhi byt 62 RaHDE bR T, ERs RETE, DritorERun CorhELHSNNE BMEREN Foh ng
conposi t i onthecoMp@ind whichMiey R Rhibid turdghth BichRk iy deWagiRd vebr il @

conpound that includes a nitrogen containing _ .
the composition to a tungsten containing wafer or they may be independently applied to

15 a polishing pad or to a tungsten wafer before or during tungsten wafer polishing. The
composition of this invention may generally be manufactured by combining the
ingredients together in any order.

In one method, for example, the compound capable of etching tungsten and
tungsten etching inhibitor are mixed into an aqueous medium, such as deionized or

20 distilled water, at pre-determined concentrations under low shear conditions until such
components are completely dissolved in the medium. A concentrated dispersion of the
metal oxide abrasive, such asfumed silica, is optionally added to the medium and diluted
to the desired loading level of abrasive in the final CMP slurry. In addition, optional
catalyst and other additives such as one or more stabilizers, may be added to the slurry

25 by any method that is able to incorporate metal catalytic compounds of this invention in
an aqueous solution. The resulting slurries are typically filtered to remove large
contaminants, impurities, and so forth from the slurry before it is used.

In another method, the stabilizer and catalyst are admixed to form a complex
prior to combining the complex with an oxidizing agent such as hydrogen peroxide.

30 This may be accomplished by admixing the stabilizer and a metal oxide abrasive

dispersion to give an abrasive/stabilizer dispersion followed by admixing the catalyst



functional ~ ou_)p 3. The chemi cal mechani cal polishing conposition of7JARI2602
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tungsten etching |s s ecte rom t at hi reduced
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The chemi caPrabsabstwesn thelinhitiion gf cungsisnictihing asd athexi emppungh éngeddientshe

hi bi i
L0, TR S D IR ) Bl v o

(i sost eapyl e~t hyThercatnplestionsiof t}mepryztdnr inveritiop] manto nippliedyds oxe gpeckagd kat er ge

E (2-heptadeg I-4 et hyl -2 oxazoli.ne 4- L), 5 AI|

(tricapryl m¥ 51%7}/ e B ociof"cH’B‘j’mo'}\ﬁ‘(B% %PP‘?E%&%?(W“&“?H taﬂy’%@@iaﬂ di ne),
t evabut yl amf(mgbtuﬁneiw:dg 0X0pti6nal deflfoneni| @ith A€ an hithdiRERd AV BpHEMA MmidReglr oxi de
and m xtures thereof 8. The chenvcal mechani cal polishing conposition of

claim 2, whéryids Pased inceihenibe b cmamen thel saehad cantpinerr ergiars thiod containerg
functional” graHps e RO bl Rl Bhnd SIGIIPRIRAL MY R inyPH | €9

than 9. 9. The chen cal ani cal po |s I'ng conposition o
wher ei n 18 he formwinlettbe capbpdnemtg Bittbeicargessaldingtothainecare imathel faxl of a@@gugons ng
am no acids nt he 5_.acids,. and m xtures thereof. 10. Th

ey ol oAU b R 470 AT ERainGTaY CATELEED OTaRs BT ORI i bi t or

of tungstensgdhchy ﬁljgird)@nQieY&dld"ee in ?@ula]fornﬁmv}ﬂélliﬁé)!;b%oﬁcplcb’ﬁthlﬁé} éﬁmﬁrﬂ@s ghemn cal
mechani cal poli shing conposition of clains 1-J 0. 12. The chem cal

mechani cal FY8YeRPHYNEHRFsdIng ip Aroforre| Altamately, \Akﬁaﬁféﬁ GpntainsT Mancompiine of

tungsten et ghj Qréo%)p%hni%??lhor@c{}e PIRAL gl Wik TRe BLasid 20BRLUM,) ons 1 n

25 an aqueous oI ution havin hem ca1m‘y
mechani ¢al poinpsdsi anglqcmqa(ssiutwlonf aflesst anasnnmbltom@ﬂ tunksre® achingo @tbgythet | anol ,

oD Py BB ET R, Bt 4 A PR Brbiaping of the mgrecians of (he chemtaar ™ °

mechanical composition and CMP slurry of this invention are within the knowledge of
one of ordinary skill in the art. |
EXAMPLES
23
We have discovered that a composition including a compound capable of etching

tungsten and an inhibitor of tungsten etching is capable of polishing a multiple metal
layer comprising tungsten and titanium at high controlled rates while exhibiting an
acceptable low polishing rate towards the dielectric layer.

30 The following examples illustrate preferred embodiments of this invention as well

as preferred methods for using compositions of this invention.



conponent capable of etching tungsten has a pH capabl e of etching tuﬁgs{wrﬁw‘
17 JAN 200D 992%045. The chem cal nechani cal polishing compoesgsiisaz of claim
1 +, wherein the pH of :he conpound capable of etching tungsten is greater
than 4. 0. 16, The chem cal mechani cal poI i shing~ conposition of any onhe of
claims 1 10, wherein the conpound capaHI e of etching tungsten is at |east
one oxidi zing agent. 17, The chem cal rrechanl cal polishing conposition of
claim 16, wherein the oxi di si ng aggg M)P | east one per-conpound. 18. The
chem cal mechani cal polishing conp XAMILBE claim 1 i , Wherein the
per-conmpound is hydrogen peroxide. 19. The chemnical mechanical polishing
conposi tion of claim18) including from0.1 to ~0 wei ght percent hydrogen
per oxi de. 20. Thé Cbmmlmhmdmmhmalsluwlwasprepged:mrqndrs;ltd: palvaeftheibdim 19,

i ncl uding de, 21
Lﬂgmucialngrrec&éér)\w%g m3gp rrllessgo e co%%élgr Cﬁ?nt argyglgﬁgﬁgﬁ éNeaE)géh?I gql ﬁ)é)SlﬁEmg GF

wherein & heammmp@ursdluﬁ@pabslw silic& 138 RPmtikdA Gi$ ihe forinSof ferrlc Rfte, 9NSwk balor i de
cont ai ni ng &&fﬁgpd 22. The chem cal mechani cal poli shi % conposi tion of

any one of %03 vt Yermpalqniceacide G sificgi wig pagdispased befgrreco b ilcuithaby st . 23,
The chem calpEsHAN S ien h QHF] isti on of claim22, wherein the

net al cat al yst iﬁjsﬁ%anﬁl rlecglncé(g:g%%ah%gt1 se g%t ed fromthe group consisting of

i norganic iron c&qubuufdsn amcbsa»fg&mgsten wafar wermﬁmaxdai inake QNTPaliriyi foi &0

oxi dation stat chani cal pol ishin onposi ti on of

cl ai m 23, mﬂ@“ re‘f‘ﬁ’geg’rcﬁ'ﬁgc"é@é ET?%SS Pggspyed b grfﬁ‘sé{Y‘B/ grhelrat? o ANESED?2 - 25
2~, The 1@hercﬁﬁé, WaE efeAthiedhted ursdaldfwmrmw §tarfaardog‘1urgl 8infBéfta igatydi ng
from0.001 to Ovvelcg percent ferric nitrate catalyst. 26. Thé chem cal
mechani cal 5@"{’%‘[‘1‘?%4 g/fﬂﬁa tion of claim1, wherein the conpound capable
of etching tungsggp ST on
further includesfr onv~1’t 0/{] %6;%%8‘%%3 V{V%g;%@ﬁ &g@g@%gﬁgﬂm%}g«eﬁ e?cﬁ)g Wer?

cheni cal neediehicthk sfpodard simgafsr whicy thembll:qdofnge Che® ahlisnto @ach nﬁf(g@tbna%s: aI
corrp05|t|on 0 y 1-10 and at,.|east. one netal oxide

abr asi ve. ajuﬁ?g Eﬁ%’ﬁf‘@éf’ﬁhﬁﬁtﬁﬁ 164§ arpy PP ek "h-gra@? hg’Plﬁ?Wof claim 27, wherein
t he net al OXI de abrasive is selected fromthe group including alum na
ceria, germania, silica,

A



titania zirconia. and m xtures thereof.
pol i shi ngvebes7ed cl ai m 27, wherein the netal
di spersion of a netal
of claim 27, wherein the netal

oxi de. 30. The cheni cal

29. The chem cal
oxi de abr asirusos/S5@N aqueous
mechani cal
oxi de abrasive consists of netal

mechani ca

pol i shi ng
oxXi

17 JAN 2002

slurry
dé

aggregates having a size distribution-léss than 1.0 micron and a nean

aggregate di

polishing slurry of claim 27, wherein the netal
i ndi vi dual netal oxide sphdrdle having a primary particle dianeter

di screte,

anet er

| ess than 0.4 mcron.

31. The chem ca
oxi de abrasi ve consists of

mechani ca

| ess than 0.400 mcron and a surface area ranging from10 nz/g to 250 n2/g.

32. The chem cal
oxi de abrasive has a surface ar

ne

chani cal

¥R

p%gg&@émﬁtcﬁing rom %'?m / g

rangi n

to 430 nQ/g

| aim 27, wherein the netal

17

JAN 2002
wherein ;1

nmet al oxi de

in ;1 égiw
mig. 34. T L.iICIII
i ah

h
t al

€ chem cal
oxi de abra5|ve

R,g.l potTshimg—st
surface ar ea

7T (.tl a3

Df fr =0 m-/
el al wh

Lto 170

aS
(NI NRY} n'F
b4

o
||Q||I|Iu ST T
abrasive or

1
L,d.l IIBL,II(J.[I'I L,(J.I

o r\v‘r\r\l nl f

a

T AT I =7, \”II'ILa

The chem ca

MUI Aol Vb |Q (.9 |~J'IL4
__n_‘e_gh_a_nh_g_atlv pol i shi nn Q|III‘I‘V of claim?27

rein the
35.

wherein thﬁrﬂétal

oxi de abrasile 2s silica 36 23Rerimaéppyradinemechani cal | pol i sBSng sl urry of
claim 35, wheredn the silica-¢thylBifrdinletbylpyaciae 37. Thel chemi gal mechiani cal
pol i shi ng conp09ition of any one Quiinozhlmens 1 10, further 1nghuding jat | east
one stabilizer.58. [The chem cal cnpehaRteRI POTTShing I Urry 3gf craijm 27,
further inchudleg at Teast one StgbilLger. 39 The chgmcal qecnanlca
pol i shing cqmpogitijon of CIa|n15/}ﬁ§Mnée chentcat belaulba|6PU||aq:ng
slurry of C|dlﬂhdb IHLIUUIHQ at “ca31 ofte—st-abiHizer-seteeted—+of
phosphoric ae I 2 aci-d—adipic ;;Ldr_gﬁﬁLLG-acid,
mal oni ¢ aci d 3 ¥ 40__TThe chédi cal
mechani cal i ©hi nig cnnnnquru%%ﬁmwﬂUHWM¢@al mechani cal pol i38hing sf urry of
claim 39, aﬁeHﬁJLthe stablllzerfwgmmon11 equi val ents per @atal yst|f to 15
equi val ent s |perlZatjal yst of nal Baeimidabdle 41. A chem tal negbani cal
pol i shing sljurry conprisi ng: froBenko@aichke 1S. 0 wel ght perceniypsiTica; from
0.001 to 22 |weight jpercent ferric mykhate; T77 JANPO0Z 22~ from|l.0 t
10.0 wPi giitf pert=nt of at Teast one stabi | i LEI —anmd—{—om 6661t to{1. 0
wei ght perce Te ] it gHgst-en etehtng—42
chem cal rmblldllfébd.l pwlﬁé %qé;gl%l k:ossigrvieth_y ”ﬁ".d]-ﬁr]?.m ‘Egﬁp stAg—fF+em1t to 1..0
wei ght per cent f - nt - ferrtic nithate;
nom 1.0 to 10. 0 ei gk@]k?ﬁ%'%%étheﬁ?e?cﬁ@’éﬁ -eHulderadalinedt | east cohe stabilizer;
and methanol)

18 aliquat 336 (tricaprylmethyl ammonium chloride) 22

19 nuosept 101 (4,4 dimethyloxazolidine) 37

20 Tetrabutylammonium hydroxide 40

21 Tetramethylammonium hydroxide 40

22 Glutathione (reduced) 3

23 Cysteine 6

24 2-mercapto benzimidazole 35

25 Cystine 5

26 Thiophene 40

27 mercapto pyridine n-oxide 39

28 thiamine hydrochloride 11

29 tetraethy] thiuram disulfide 39

30 2,5-dimercapto-1,3-thiadiazole 47




from0.00] to 1.0 weight percent of at |east one inhibitor o: tungstighjAN 2002
etching. ¥OP#8 chem cal nechanical polishing slurry of pcliasusnsh or 42,
wherein the inhibitor of tungsten etching is-pyridazine. 44. The chem cal
mechani cal polishing slurry of claim4l_or 42, wherein the stabilizer”is
from1.0 to 15 equi val ent per catal yst 8f malonic acid. 4~. A chenical
mechani cal polishing slurry of claim4l, conprising: fromO0.5 to 15.0

wei ght percent silica; from0.041 tl?X/QJ\'ﬁJ Vﬁ ght percent ferric nitrate
catalyst; fromO0.5 to 10.0 wei ght perce tL drogen peroxi de; at |east one
stabilizer; and fromO0.001 to 1.0 weight percent of an inhibitor to

tungst en et chi ngbhsel.e %%cciw{ rom '~P{iCi ne, . am nopropyl sil anol

ami nopr opy! si | oxahe- nicel plishing gluriss inglyengeyanions inhiiitarsr of thagstea pH | ess

than 9. 46.etdhe whePrgatedTRehRPL bshif rry.of claima45 wherein,
t he i nhi bi to?m%f tunrﬁégptaeen et chi n‘éé‘ilals‘ﬁf:ﬁ t;n/?:?é{@g O?b%myxj%?\fe%% SUSHEO  The
cheni cal® r rféeHARESE Datandsi KGR Isury ywasfprepasid reoAdistiag of Gn apheteidhitlone

i nhi bi tor st en: et-ghi is the m xture of glycine,

ami nopr opyfﬁs,fislt%ﬁgl}f%ghﬁg gﬁisﬂ%%rw 3%)?[%1%%3?8&?8%”4@.“’%% it Mehitkeapthereshimani cal
pol i shi ng sharedieyts as|descnibeliSin @xardfle 3WTRE Biclistehed SEARLs BEk ] 0 5
equi val ent sﬁ)per C?ft al y? of _n%l }g‘re]i C ac?#c?. 5%9. A]%eqkéﬁocgﬁ%géég%}f?%h}%g a
substrate i'HeIudeHgRP %eé%fs‘i’”@)‘ﬁe"'%ﬁfgﬁt@mamh%/equivﬁdﬂnmmslbmgad:iﬂl@ersdtaﬁs of :
(a) adm xi ng imh d t qne o§0 tord abl e of chi,ng tungsten, at
least one i nhi bi t_aﬁs&of. tur?gs?fgﬂ’ggtg %:uﬁ]tlﬂggsma{ﬁ'd& e?@lhﬁ?eiie‘@ g‘ét‘@h %H‘Cg‘?% a
chemi cal® ne@Rdnimtrmppides i rigngstampwsfet iveere iildrs@p Pl wiengMmrhensesi a8l

mechani cal Lshi sition to the substrate; and (c) renoving at
| east a pornltgﬁ'llodﬁs?gyfe Q@ﬁge%?@ﬁﬁi‘tagﬁ the, JHiFknesso eRHEeds bib sesisaively by Ther ratgiofg a pah

i nto cont adungslied fet¢hivgg sabsiehadakuRid MOMEIOR/ME AR siéﬁd£r‘3's§}rh°&h§ ?te{i he
substrate. ~Qr't ~ A et hod fowm i shing a substrate 1 ncludl ng arkf east one
tungst en | AYEFR SHBMEIPEPTRe Mativp Y aping apouatinifinigitas of easstenBehisgmpound
that is capald eddl ©Bt116HIsRAILHNASEE: - east e Lnhihjtor of tungsten

et chi ng{_and dei oni zed w;t er to glltyv%eéq’%:hﬁégmﬁigﬁmﬁ’e8¢1§ﬁi @gﬁ) Sﬂ)‘Hf‘i 'sonFtﬁ’g
conposi'?i ofHNgkaYiveg caalpaied Ekstidatipmo theOhethbit @l No tehBuABRED Lk P L NSt en
etching is i Kk .a coppound that fotTns al kyl anmoniumions at a
sol ution pﬁﬂ]ggg’g]e{eﬁéa%gﬁ@r&ﬁgt ?ﬁ%H‘It) PIFfaRs feffa pregeporier jn Tatledbsiowg t he cheni cal
mechani cal polishing conposition to the substrate; and (c) renoving at

| east a portion of the tungsten |ayer fromthe substrate by bringing a pad
into contact with the substrate and #a®lgdg the pad in relation to the

substrat e. 17 %AN 2002—29 51, _The nethad of claim49 or 50, wherein the
substrat e Further a{q,plq udes A Formulation Etch Rate (A/min)
31 None 45
32 0.05% phenylalanine 29
33 0.05% lysine 8
34 0.05% tyrosine 26
35 0.05% glutamine 11
36 0.05% glutamic Acid 16
37 0.05% glycine 14
38 0.015% cystine 8
20
A second base chemical mechanical polishing slurry was prepared. The slurry
consisted of 5.0 wt % fumed silica. The silica was predispersed before combining it with
the other slurry ingredients as described in Example 3. The predispersed silica was combined
with 50 ppm iron in the form of ferric nitrate, 0.05 wt % malonic acid, 4.0 wt %
25

hydrogen peroxide, 0.001 wt % Kathon 866 MW bactericide manufactured by Rohm &

Haas, and deionized water. The base slurry was adjusted with nitric acid to a pH of 2.3.



titaniumand/or titaniumnitride netal
the titanWoPPnaiéi de | ayer

is renoved in step (c).

| ayer wherein at |east a porfi7QANAN(?
52. Therwesmssd: of cl aim

49 or 50, wherein the conpound capabl e of etching tungsten is hydrogen

per oxi de.

~3. The nmethod of claim49 or 50, wherein the chem cal

mecHani ca

conposition includes a catal yst sel ectédd-fromthe gi-oup inorganic iron

conmpounds and organi ¢ iron conpounds.

t he cat ayst

met hod of c
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Xh! | es

I1le
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The net hod
~l yci ne,
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an}i?u?i%eg IY Icom
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reducing tungsten etching.

EXAMPLE 3

A polishing slurry was prepared in order to evaluate its performance on tungsten
wafer CMP. Performance parameters measured included tungsten polishing rates. A
standard abrasive slurry including 5.0 weight percent fumed silica was prepared. The
slurry was prepared by predispersing silica, having a surface area of 150m?g under high
shear to make a concentrated dispersion. The dispersion was then filtered sequentially
with a 5 micron bag filter, followed by a 1 micron bag filter, followed by a 1 micron
cartridge filter, and finally with a 0.2 micron cartridge filter before diluting the silica
further and adding the remaining ingredients. The remaining slurry ingredients included
0.036 wt % iron catalyst in the form of ferric nitrate nonahydrate, 6.0 weight percent of
hydrogen peroxide, 0.05 weight percent malonic acid and deionized water with 0.05 wt
% pyridazine added as a tungsten corrosion inhibitor. The pH of the final slurry was
adjusted to 2.3 with nitric acid.

The CMP slurry was applied to chemically-mechanically polish a tungsten
patterned wafer having thickness of approximately 8000 A of tungsten using a

SUBAS00/SUBAIV .pad stack manufactured by Rodel, Inc. The polishing was

ifebdeg eslolk rem

and m xture thereof.



64. A method for polishing a substrate including at |east one tungsteh7 JAN 2002
| ayer conpY@ 8945306 (a) admi xing fromO0.5 to 15.0 wei ght pectesds/ssti ca, from
0.001 to 0.3 weight percent ferric nitrate catalyst, from0.5 to 10.0

wei ght percent hydrogen peroxide, at |east one stabilizer, and from 00Ol
to 1.0 wei ght percent glycine and dei ori%zed water to give a mechani cal

chem cal polishing slurry having a pH of from2.0 to 5.0; (b) applying the
chem cal mechani cal polishjng.slurry tp the suhbstrate; and (c) renoving at

| ean a porti§ orB}egt”ﬁlggtaJ:ﬁggt‘gﬁ F%%[/e%{ ab({}“ﬁ‘r 'OFFQHEQ? RS BV RtV wi t h
the substrang/mand @Y kxed bheo pad ahda §flddd dpaky &@sstipR. substrate. 65. The .
met hod of claim 64, wherein the chem cal rmnechanical polishing slurry

i ncl udes ani nopr 8teES thamyTidazie thagsteppspirrision iehitbtoantie rEMP shey tthiiedf 66. A

met hod for kS hi St icpGl udi at | east. one, tungsten er
conpri si ng: Bﬂlﬁt@@bij&%ﬁ%ﬁ%ﬁ% c}f\,ﬁ&.ﬁg)s 8g‘dorﬁ %(lggd“ ’f;rtoglﬁfeﬁp’é’gt grhi a%&%o%f {?;ﬁ%/
percent silwe& pfridapin®n@dert corfbsidnwiitgldt d 8@ ung®dn fl6g flcdsking 8o gedul Vs,
from1.0 to J,(g. 0 ggi\ﬁht qerc_ent hydr.ogen peroxide, from1 equrvalent to 15
equi val ent s 2p&/A BHFATLASY 05 TReAthsti ROligingd ) PeripBRANGE Gharpeiertstiss swshgast rags  at

| east one i phirhinitPan®érotibmgst en et ching) and dei oni zed water to give a
mechani cal chem cal polishing slurry; (b) applying the chem cal nechanical
polishing slurry to the substrate; and (c) renoving at |east a portion of
the tungsten | ayer by bringing a palgdi%i Mlﬁfiggnt act with the substrate and
noving the pad in relation to the s é T LA A A@ AN, A+. AGDL. A AQJ. A
AQA AR r. AR An% A LA AL LAFLA A LAY A59. AS. A Ay. A A5R. A A@ As. Ae,

) +BsMg+, 72 ; - o N

CR| wr nhc”Y] ca] cafd#feyenpespearead ferapis sxamanle aTbapesa sbuydagledsdcape &4 ca] ca] ¢
a] ca] ca] c TahgaddGais, Rl oAl i8L 2 M o4 1 -
Z)1t3}xsnid_Z]]ca] c’z_a] c@f@aﬁ]&f@aﬁa@?&ﬁgiﬁl ‘g‘g?*c?a(f% ‘_’_(:h c? Bgfr(% dga?'(o:sa] caj ca]
ca] ca] ca] captap cedlond ead.chPlaMsafockdtoanl ifr whter. The silica was predispersed before
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significantly reduced the tungsten corrosion rate in compérison to slurries that do not
contain an amino alkyl functional group. Finally, the results in Table 4 show that the
compounds including the nitrogen containing functional groups are able to inhibit
tungsten etching to pHs at least as high as 7.0.

10 What we claim is:
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1. A chemical mechanical polishing composition comprising:
a compound that is capable of etching tungsten; and

at least one inhibitor of tungsten etching.

2 The chemical mechanical polishing composidon of claim 1, wherein the
inhibitor of tungsten erching is a compound that includes 2 nitrogen containing

functional group.

3. The chemical mechanical polishing composition of claim 1, wherein the
inhibitor of rungsten etching is 2 compound including at least one functional group
selected Som nitrogen containing heterocycles, sulfides, thiols, alkyl ammonium ions or

mixtures of functional groups in one compound.

4, The chemical mechanical polishing composition of claim 2, wherein the
compound that includes a nitrogen containing functional group is a nitrogen containing
heterocycle, a compound that forms alkylammonium ions, amino alkyls, amino acids and

mixtures thereof,

5. The chernical mechanical polishing composition of claim 2, wherein the

. compound that includes a nitrogen containing functional groups is selected from the

group 2,3,5-trimethylpyrazine, 2-ethyl-3,5-dimethylpyrazine, quinoxaline, acetyl pyrrole,

pyridazine, histidine, pyrazine, benzimidazole and mixtures thereof.

6. The chemical mechanical polishing composition of claim 1, wherein the
inhibitor of tungsten etching is selected from glutathione (reduced), cysteine, 2-
mercapato benzimidazole, cystine, thiophene, mercapato pyridine N-oxide, thiamine..
hydrochloride, tetraethyl thiuram disulfide, 2,5-dimercapto-1,3-thiadiazole and mixtures

thereof,

0 "109%9QUOUE ()-m 10 "109%U>U& () -
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inhibitor of rungsten etching is a compound including an alkyl ammonium ion funcnonal
group selected from Monoguat Isies (isostearylethylimididonium), cetyltrimethyl
ammonium hydroxide, Alkaterge E (2-heptadecenyl-4-ethyl-2 oxazoline 4-methanol),
5  Aliguat 336 (tricaprylmethyl ammonium  chloride), Nuospet 101 (4,3
dimethyloxazolidine), tetrabutylammonium hydroxide, dodecylamine,

tetramethylammonium hydroxide and mixtures thereof.

8. The chemical mechanical polishing composition of claim 2, wherein the
10 compound that includes 2 nitrogen containing functional group.is 2 compound that

forms alkylammonium ions at a pH less than 9.

9. The chemical mechanical polishing composition of claim 1, wherein the
inhibitor of tungsten is selected from naturally occurring amino acids, synthetic amino

15 acids, and mixtures thereof.

10. The chemical mechanical polishing composition of claim 1, wherein the

inhibitor of tungsten etching is glycine,

20 11.  An aqueous solution of the chemical mechanical polishing composition of
claims 1-10.
12. The chemical mechanical polishing composition of claim 1, wherein the

inhibitor of rungsten etching is at least one compound that forms alkylammonium ions in

25  an aqueous solution having a pH less than 5.0,

13.  The chemical mechanical polishing compaosition of claim 1, including

aminopropylsilanol, aminopropylsiloxane, and mixtures thereof,

30 14, The chemical mechanical polishing composition of claim 1, wherein the

component capable of etching tungsten has a pH capable of etching tungsten.
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16. The chemical mechenical polishing composition of any one of claims 1-

10, wherein the compound capable of etching tungsten is at least onc oxidizing agent.

17.  The chemical mechanical polishing composition of claim 16, wherein the

oxidizing agent is at Jeas: one per-compound.

18. The chemical mechanical polishing composition of claim 17, wherein the

per-compound is hydrogen peroxide.

19. The chemical mechanical polishing composition of claim 18, including

from 0.1 to 50 weight percent hydrogen peroxide.

20.  The chemical mechanjcal polishing composition of claim 19, including |

from 0.5 to 10 weight percent hydrogen peroxide.

21. The chemical mechanical polishing composition of any one of claims 1-10,
wherein the compound capable of etching tungsten is at least one fluoride containing compound.

22.  The chemical mechanical polishing composition of any one of claims 1-

10, further comprising at least one metal catalyst.

23, The chemical mechanical polishing composition of claim 22, wherein the
metal catalyst is an iron catalyst selected from the group consisting of inorganic jron

compounds and organic iron compounds having multiple oxidation states.

24. The chemical mechanical polishing composition of claim 23, wherein the

iron catalyst is ferric nitrate.
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26.  The chemical mechanical polishing compositon of claim 1, wherzin the
compound “capable of etching tungsten .is hydrogen peroxide and wherein the

compositiop further includes from 0.001 to 0.2 weight percent of an iron cawlyst.

27. A chemical mechanical polishing slurry including the chemical

mechanical composition of any one of claims 1-10 and at least one metal oxide abrasive.

28, The chemical mechanical polishing slurry of claim 27, wherein the metal
oxide abrasive is selected from the group including alumina, ceriz, germania, silica,

titania, Zirconia, and mixtures ther=of.

29. The chemical mechanical polishing slurry of claim 27, wherein the metal

oxide abrasive is an aqueous dispersion of a metal oxide.

30. The chemical mechanical polishing shurry of claim 27, wherein the metal
oxide abrasive consists of metal oxide aggregates having a size distribution less than 1.0

micron and 2 mean aggregate diameter less than 0.4 micron.

31. The chemical mechanical polishing shurry of claim 27, wherein the metal
oxide abrasive consists of discrete, individual metal oxide spheres having a primary
particle diameter less than 0.400 micron and a surface area ranging from 10 m?/g to 250

mz/g.

32. The chemical mechsnical polishing slurry of claim 27, wherein the meta]

oxide abrasive has a surface area ranging from $ m*/g to 430 m¥/g,
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oxide abrasive is a precipitated abrasive or & fumed abrasive.

35. The chemical mecbanical polishing slurry of claim 27, wherein the metal

oxide abrasive is silica.

36.  The chemical mechanical polishing slurry of claim 35, wherein the silica

is fumed silica.

37. The chemical mechanical polishing composition of any one of claims 1-

10, further including at least one stabilizer.

38. The chemical mechanical polishing slurry of claim 27, further including
at least one swabilizer.

39.  The chemical mechanical polishing composition of claim 37 or the
chemical mechanical polishing slurry of claim 38, including at least one stabilizer
selected from phosphoric acid, phthalic acid, citric acid, adipic acid, oxalic acid,

malonic acid, benzonirrile and mixtures thereof.

40,  The chemical mechanical polishing compositon or chemical mechanical

polishing slurry of claim 39, wherein the stabilizer is from 1 equivalents per catalyst to
15 equivalents per catalyst of malonic acid.

41. A chemical mechanical polishing slurry comprising:
from 1.0 to 15.0 weight percent silica;

from 0.001 to 22 weight percent ferric nitrate;
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42, A chemical mechanical polishing slurry of claim 41, comprising:
from 1.0 to 13.0 weight percent silica;
from 0.001 to 0.2 weight p=resnt ferric niwate;
from 1.0 1o 10.0 weight percent hydrogen peroxide;
at least one stabilizer; and
from 0.001 1o 1.0 weight percemt of at least one inhibitor of mungsten
etching.

43,

)

The chemical mechanical polishing slurry of claim 41 or 42, wherein the
inhibitor of tungsten etching is pyridazine.

44.  The chemical mechanical polishing shurry of claim 41 or 42, wherein the

stabilizer is from 1.0 to 15 equivalents per catalyst of malonic acid.

I
Lh

A chemical mechanical polishing slurry of claim 41, compnsing:

from 0.5 to 15.0 weight percent silica;

from 0.001 to 0.2 weight percent ferric nitrate catalyst;

from 0.5 to 10.0 weight percent hydrogen peroxide;

at least one stabilizer; and

from 0.001 to 1.0 weight percent of an inhibitor to tungsten etching
selected from glycine, aminopropylsilanol, aminopropylsiloxane, and
mixtures thereof, wherein the slurry has a pH less than 9.,

46.  The chemical mechanical polishing slurry of claim 45, wherein the -
inhibitor of tungsten etching is glycine.
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50. © A method for polishing é. substrate including at least one tungsten layer
comprising the steps of

(a) admixing at least one compound that is capable of etching tungsten, at
least one inhibitor of tungsten etching and deionized water to give a chemical
mechanical polishing composition; having a pH less than 9.0, wherein the inhibitor
of tungsten etching is an amino alkyl, .2 compound that forms alkylammonium
ions at a solution pH less than 9.0 and mixtures thereof;

(b) . applying the chemical mechanical polishing composition to the substrate;
and ' —

) removing at least a portion of the tungsten layer from the substrate by
bringing a pad into contact with the substrate and moving the pad in relation to

the substrate.
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35, The method of claim 49 or 50, wherein the chemical mechanical
composition further comprises at least one metal oxide abrasive to give a chemical

mechanical polishing slurry.

S6. The method of claim 55, wherein the metal oxide abrasive is selected
from the group including alumina, ceria, germania, silica, titania, zirconia, and mixtures

thereof.

57. The method of claim 55, wherein the metal oxide abrasive is an aqueous

dispersion of a metal oxide.

58. The method of claimn 55, wherein the metal oxide abrasive is selected
from the group consisting of precipitated alumina, fumed alumina, precipitated silica,
fumed silica, and mixtures thereof.

59, The method of claim 55, wherein the metal oxide abrasive is from 0.5 to

15.0 weight percent silica.
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63. The method of claim 49 or 50, wherein the inhibitor is selected from

glycine, aminopropylsilanol, aminopropylsiloxane, and mixrures thereor.

64. A method for polishing a substrate including at least one tungsten layer
comprising:

(a) admixing from 0.5 to 15.0 weight percent silica, from 0.001 1o 0.2 weight
percent ferric nitrate catalyst, from 0.5 to 10.0 weight percent hydrogen peroxide,
at least one stabilizér; and from 0.001 to 1.0 weight percemt glycine; and
deionized water 1o give 8 mechanical chemical polishing shurry having a pH of
from 2.0 10 5.0;

(®) applying the chemical mechanical polishing slurry to the substrate; and

(c) removing at least & portion of the tungsten layer by bringing 2 pad into

contact with the substrate and moving the pad in relation to the substrate.

65. The method of claim 64, wherein the chemical mechanical polishing

sturry includes aminopropylsilanol, aminopropylsiloxane and mixtures thereof,

66. A method for polishing a substrate including at least one tungsten layer

comprising:
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(®) applying the chemical mechanical polishing slurry to the substrate; and

(c) Temoving &t least & portion of the fungsten layer by bringing 2 pad into

contact with the substrate and moving the pad in relation to the substrate.



