;e3e|l _yZZ[\RF\"6_TI P[R . A CHEM CAL MgCHANI CAL POLI SH NG SLURRY SYSTEMAN 2003
HAVI NG AN ACTI VATOR SOLUTI ON FI ELD OF THE I NVENTION 5 This invention’
relates to the field of sem conductor manufacturing. Mre particularly it
relates to a chenical -nmechani cal polishing slurry systemused in

seni conduct or @&HEM’GALME%MMHQ@EHN@ $KUE%N 8NSTEMeni conduct or s
are typically made up of HAVINGAN AGTINATOR SOLUTIANt hat are connected
together via netal interconnections to formcircuits and conponents. The

active devices are interconnected by a well-known multilayer interconnect

process. In a typical interfﬁﬁ@ﬂﬁi‘iﬁ.ﬂ!@ﬁl@ﬂnati ng layers of netal and

dielectrikc are pug.: I L ety of processes. After
5 Unig fhvelifiod bR Re 1RIEET SimRoRELEE!

each layer is ap a nmeans 1s use 0 reno xcess anmounts of these

layers and tmamsfactugingotMoteopaticalafly it relatés 1 achentivalohedHamicalr f ace in
preparation for the application of the next layer. A conmon process used to

acconpl i sh PedisBingsyrsy systereusecin senigeedeFPEBanyfagiaingat i on (CWP). In
this process, an aqueous sol ution containing various chenm cals and
suspended abrasive particles, nanely, a slurry, is interposed between the
waf er and a noving pad WBACKGROUND ©F THEANVENTIONe conbi nation of the
mechani cal effects of the abrasive particles, applied pressure, inposed
rel ativaOvel oci t YSEMICRRAUEtRES arctypically aradecki ofiilians ekedtiver r om cheni cal

reacti on be t | | | i n Ln the

solution resu ?’Iélsnthgt gﬁ\%@@&%“@%ﬁ@e}éien a@ﬁ%r%@fhp%&hbﬁ%?éngorbgte or

mat eri al r emircalts aati compuients, Théactivé devieks ameﬂcohﬁé@tedﬂalyfﬁ gher than
e

t hat produced l%"ei t her the nechanical effects or chem cal fects al one.
30 There ar &vallnoysn Brultilaygijiptergpnnes) pracassatln @lypisal itgrceneect The 9 JAN

2003 first |ayedsd SubARnhIufErsd st sdd fieledid ard HitoRthekiiédpn oxi de and
silicon nitride. The seco ayer 1s netal layers sUch as tungsten, copper,
al um nuip etwafer bpiactarieteolipredesses oAfierceachayeacisi appliddya mesanslis* Q00002*
*166166* r In.the case of CVP of nmejals, the chemical action is generally
consi der ed ﬁﬁeaéﬁ?éemﬁ’é{e_cﬂxc?%aw °fﬁe§ﬁéa>qu§ ?f‘%_:}]@@ﬁﬁﬂ'iesmtgt he chenicals
in the sol utebQi) anRAENELAN PiandMty oFbufREEH r@pf@ifohrfﬁpﬂﬁe! y forman oxide
| ayer on the surface of the netal. This generally 5 requires the addition
of an oxi di 2applicatiamef theinextdayesuch as hydrogen peroxide, ferric nitrate,

Si mil £ ancoust y T AnponE PEoBRk e 16 BtorbystliheRB i RHERI  hese t vo
processgg Olph@thihicH plankrizatsn (CMP)N |1k Bhigprodedse BR \GRfuebas eoriidnpol i shed
surface quallté_inlo I'n the second nmechanism no protective oxide |ayer is

formed. | nstceBtRINiNBYaEioNS chetueals and susperded abmsivenearticles| y att ack and

di ssolve th | i ; I | of

mechani cal | ;?/' aﬁiﬁ%?%‘l’{ %e'hgbﬁgég%?l on rnatﬁgwéygghﬁﬂ ag‘?%@l'e‘éées as

cont i nuous| whitepgmresswrensappiied.f The candsnatiorcothieanécladical leffects si ng t he

| ocal 15 ten“??rat re, V\:hir%h i ncreases the dissol u&icin,rat% by the friction
of the abrasive particles, applied pressure, imposed relative ve cm)/

25 and the chemical effects which result from chemical reaction between

the material being polished and constituents in the solution resuit in a
synergistic enhancement of the polishing rate or material removal rate.
That is, the material removal rate is higher than that produced by either
the mechanical effects or chemical effects alone.

30 There are two general types of layers that can be polished. The
first layer is interlayer dielectrics (ILD), such as silicon oxide and silicon
nitride. The second layer is metal layers such as tungsten, copper,

aluminum, etc., which are used to connect the active devices.
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bet ween the particles and the netalgand enhancing the diffusion of 79 JAN 2003
reactants and products to and away fromthe surface by m xi ng and by
reduci ng the thickness of the boundary layer. An ILD slurry typically is a

one part system) which usual %20 contains an al kaline funmed silica
di spersi on cont ailmthgycase pbCHREF metals dheichemicalagtionds gene@iier ci al f uned

silica disp L: e - ; D slurry is then
shi pped to ?h@é@ggﬁ%?a%% ‘?iﬁ’g’?ﬂﬁ'ﬁgt Mrs&%%gﬁggnfﬁé dilutes the
slurry by adHendcaigiretheagolition rezichvithfthe peetaliay6Md eitimuctklyr ries, on the
ot her hand, are two _part m xtures consisting of _a dispersion and an

oxi di zer. THRIMyABEXAS [AYetofphe sudacmotibedvetad, This generald | ower the pH to

about 2 to i : ; | C ' ' asive in
Soepenai oo Seafifis M8Bddiich o 4n BERRL M SIIRLT LBUNSS BTS2 1"
exanmpl e is pefdkitel|fericnitraty @tc.sThen the aldchdnBapabizgiver@stionf thKC. The

di spersion is an acidic dispersion (approximately pH of 3, with 5 to 15%

: | . pH of 3
al umi na par PREIces continupyisiy-yt sianilfangarsly ramones dnig oxide Ia¥edR car boxyl i c
acids or nitrj [ ' | ' kS M xed with an
? 9 ~AJ 28@“§°8§ng”@%ﬁﬁg%gr)é,){"%uBﬁJCSggfsyafr’%g‘esﬂb@@ﬁ% %%ug;é lr?1erri c
nitrate, totdreisof leenovalrate dritbpolished soefave ediality. pol i sh the netal |ayers.

Met al sl urry manuyfgctures pically sell only the acidic dispersion while
the cust®mer buyin ﬂ??es%‘iq’ml%@Ph?waépéﬁd%ﬂﬁcy%’/%ﬁd'dﬁﬁ%%r isfemee® 5 parts at
the point o ' ; el il cl“ﬂﬁi ; comodity
solution t hjiqétég?f tbg énqﬂigmﬁfﬁ tbﬁgog{h?ﬂeﬁn?lb%hg?@% ze rgre'?’?givgdi spersi on
sol uti ons. emeatalbimitethe madhiagicay action isdargeht ond of mexhanimallhas t o

i nventory the varioys types of tal dispersion solutjons. Since a

sem conduct SHRAADEARe TR BlR By sULLBracesses AS FONBIGHAY ot al | ayer s
and consunegypBing ridreSaltttiteCdreddb CREMICH attheR Faimthd I8Earach | ayer,
controlling, storing and waste treating the inventory can be a form dabl e

pr obl enl5 Foteropargiure, (which insreasesfthe disselutigngata)dry therfaeti®n appropri ately

G sper'si on’ Rl e BeERs dk B Theta) Bod whdftng ST o' an
envi ronment péagtatmafandcepdyctsl to ardbawapfront the sUride by fixing ahbdyret al

di spersions are reduced when the solid abrasive is mxed with the many
di fferent typrucing thetyghkogss of thebeynqank layetper si on. The abrasives tend to

react with the c%ﬂgagﬁrr},gysﬁi@mg?ﬁe;%%gs %H{ tv%ﬂ&h hguélﬁﬂuced shelf life.

Al so, the 20 finer partic rateé 1n the presence of these
cheni ca2@. Agntaimeanadalineddmed siicatdispersionreontaining ti2to 28%ulting in a

o o My e 8d i, W B8 O KBl Hirh S8 b SR BED! e
Cabot SS-25® and Wacker K1020®. The ILD slurry is then shipped to
the customer as a concentrate. The customer then dilutes the slurry
by adding water at the point of use.

25 CMP metal slurries, on the other hand, are two part mixtures
consisting of a dispersion and an oxidizer. The dispersion comprises
an abrasive, an acid to lower the pH to about 2 to 6, optionally a
surfactant which maintains the abrasive in suspension and other
chemicals tailored to the metal being polished. An example is a

30 tungsten layer slurry called Biplanar® made by EKC. The dispersion is
an acidic dispersion (approximately pH of 3, with 5 to 15% alumina
particles). Acids reportedly used in the slurry include carboxylic acids

or nitric acid. At the point of use, the dispersion is mixed with an



Therefore, the present invention nogifkes the current nmetal 25 slurryy g jan 2003
system so that the current problemof inventory control is sinplified by
standardi zi ng t he di spersion and custoni zing the activator for the

particular netal |ayer bei ol i shed. e advant age, of the present
i nvention i §XdiEAr, BHeh ?ﬁ@&&%&@ rt%ﬁt('gmo?(}errmatr@tpu Qﬁpf%tth?r%'g\w y sinplified
since the V%éirWill%fe @%@g@bﬁﬂem&l Bﬁg%.to be controlled is greatly

reduced. The Vol une i'vator w typically be 5 to 10 tinmes |ess

than the vol une detahslutyspansaotures typicaligrsell onlystheaatidit dispersiohl i ng a
| arge volunme of different dispersions, the manufacturer will only have to
control a sidlile theicustomerbuysiipg oxigizerjndependentindgpixesithaitwper ent

acti vat ogs. TS 3hOROI GROLLY 1§ BUCESe e ARuIYs Ol sibsaliry space

requi red” beCause the"manuf act ure does fiot have to stock a |l arge vol unme of

di fferent dicopansdignsolutidsthatidae bewixedowith deendifferentroustirhizetli vel y nmanaged
because the manufacturer can qui ckl and accurately neasure the use of

5 .
the generi c MgtapaieRLEHIOR 8PILtIPRH EHG%FQ}P'G%\A’F" hip systemisdhat thenot her
advant age of o i i i ive chemnm cal
ar\é rerrgved CP%%”%\E% r'gg%tggq{h%hwedrgﬁéﬁ?ﬁ?lé?gﬁg%élt ﬁggégils:/on wi || bes
i ncr efas?ad. _ l“s'llouﬁion'st Sisce aasgmicmmdméomanumgﬂh ed&pwdllygeeﬁmlh?mg{ js]Loer Si gn
mat eri a W ave t e | SpoSe ue to t I NCr eas e I Te an
bt ter - 181 e SHATBHGMEta) oSS 1 CansHEes, Hanu i panes L GRIRIBH does not have
any abrasi v@isddrsiBas Tfé*rt %ﬂHféer, %Bﬁ{rfnllih#;,f &oﬂﬁ@%haf\v@aﬁ@ﬂeaﬁgs&ﬁé ore, many

smal | er quantities o e activator sofution”may be stored”whenever
necessary. Irivestoryl caamine bdormidablet problenh. Foeepamplnif thevention is that by
using a standard di spersion, (wthout aqgaressive.chenical.s), one can take
advant age ofn%ﬂﬁaf’Wégrr%?‘?Sarb(?tlff”f%”@fﬁ?%@%%ﬁ’é%‘if@? §|SP@ 9" generated on
these produgégchdedits EX@NMFeCthen’a Rirgé 9BRINTe &f ABPAISTBIE MayHive tdieder si on
using a fam [iar connercialized product such as Cabot SS-25, the 20 storage
i fe dald i dispgisediafovitichisivary expansive and enyirpameatallyatnddendMrs t her nore, the

present inventio | Gf 1: f f urers because
it reduces thei rr?'f' %@éﬁ{o@r@e%egﬁlggg}fgﬁ ﬁ%ﬁﬁ'fﬁ%@%%#hé%ég?g%%%an ety of

met al | ayer wheibesolidabrasiee immiseaowith éfe mainy diffs@nt typepragfpare one or two
standard di spersions. 25 The chem cal sugBI ier, who is the expert in the

area, will GBAOTCAIS Ysedimthedispersian: The aprasivesdendde reactwith thee opti ni zed

for the net i fes| i i y addi ti onal
advant ages %FW@%QV‘%%@% appgpgirﬁgqgsrgé}é(?crl beggﬁ%'e?\g%’qgg SUMVARY OF
THE | NVENTI @ihef partistesstend to mgglonenate il thequwesence ofcthese ChBrnidals.ry system
used for polishin tals, . co i Sihag: .a dispersion solution conprising
an abr asi veASARMPE P ElG F &8 crenee fiRReTng hetunrosn S°T5 S
?UU~ | east predEWARANYaH HEnacdie bdd or8driotis PremenfodrdefetizdrPf @ an

oxi di zer, acids, am nes, chelating agents) fluorine-containing conpounds,

corrosi on i the Buffaee of thersubstriate.agent s and bi ol ogi cal agents, which are

PEscR Prion OF TrReTRBi B EiReent; YERT, MbafeBote stfenbbelaty ¢y
system 25r ghery system csodhat dhe neunvdritC problem. off iaventory \eohw®l g conpri ses

two parts. 10 The first part is. a generi_c di spersion that only contains an
abr asi ve andirepiifiesay siandacdizipg the dispersiemand systonaigingdhe ACUNgI®OH, and a

can be. used T aneda Y eI BN OS] O yer “diel ectribs (10D).
The second part iGnenadwartageof thegpresesbinuention isThat thetinveritory sol uti on
control of the slurry is greatly simplified since the volume of chemicals
30 that have to be controlled is greatly reduced. The volume of the
activator will typically be 5 to 10 times less than the volume of the
dispersion. Therefore, instead of controlling a large volume of different

dispersions, the manufacturer will only have to control a small volume



15 conprises chem cal s such as oxidizers and acids that are custom Z%ﬁ%ZUUJ
the netal |ayers. The generic dispersion will typically only contain an
abrasive and optionally a surfactant and a stabilizer. Typically, the
abrasive particles will be fumed silica which is the nost common abrasive

used i n t he ofdifferantactivatersr Thisgioaificantinieduseadbe @maeuntiaie nanuf act ur er
d t [l
It on PEHBN/aredBgBied bERAGSE nRlBRlIER e Wes bt rhivedg e B2

al um na ( A1Z9&gk a%rbe%mm@blﬁdﬁ%reml digergionst rAId@,theﬁmmmyd@n ceria
(Ce02), zirconiumoxide, tin oxide) titaniumdioxide and m_ xtures thereof.

The prefer r &e more sfiostively mnﬁgsﬁ@%aus%w%ma@umtuw SANGHEHY T or m of

S|I|ca( I i i s Cabot
S5 26w o 288t RimiarefPbagtid AN 6 R dengrf BPerfp SRR Lo (e
di sper si on fbiecagbaps@priatehy se for over three years and is very wel | known

in the CMP art. The surfactant conpounds which nay be used in the
di spersion 30 ar Anteeeadvantags af ﬂor@serﬁuamnfmm@ltw singgribent and

pref erably ke ptenRlica loold hnPu A55ERRL BRoatbiPli e Lot

wei ght of th er si on. e sur ant conpounds i nc e any of the

5 29 ~!'f+Rd ditpérsionailbuse rlmrea@eﬂ c, Tlam om:s) les8t likely cthat langehot eri c
surf act ants known tq those skilled i tP Opt i onal Ié V\% ti ng agent
may be d8ed Vﬁqmemftq"ﬁ@e@@’éhf"%?a'b\é"" aye é?ahﬁ)ldé'ipoéﬁd He t@ % as

hydr ochl ori n 6 |l er et
al.. The op??%ﬁggestasgﬁua:"%ﬂﬁgdaggggr ﬁﬂrt ﬁrgq;tsenglr@lo(r:16 s&ér%ﬁg‘%otlh? preferably
KOH or NHAOHctivaior Isoiidionddiees inot havélmyeabraaweuuttlsast a redjuced ghedf pH of the

di ' 0 the d t 10 T I
act Pt or - cOl AR .S mahi ot auARts SfifBe Ariveld or et a
bei ng pol i S*&%%Jnd:n%a §pRMebRd W éné\i‘ér Eggarg; the present invention may

i nclude an oxidi zer sui tabl e oxi zer y be used. Exanples of a
sui t abl @50xi di zerStddrmatE]/era@mntpge ot ithie present gvientionds thatybyLeieg pot assi um

di ch t dt t b d d
nypochl or oudl GRS ShEeRGp UM B35BT e AL TR S BHeCh) CFum
hypochl ori t exdvengsies b &l hu@oéhémrwtgora‘g@r rbedé’tlatélf?éaﬂy dohérbtediiof m xt ures
thereof. The preferred oxidizer s _hydrogen peroxide. The anount of

oxi di zer is h9§ﬁ= pEAduptsy bar %araplfo%cuamn@frs#@m@amszed eIrdisperSIR wei ght  of
the total g‘rigjaoifan%ﬁart E&nﬁ%%faﬁeégg@mgm% %ﬁ{]o‘f d@ég%@dm gd to the

activator dep on 't el ng polils 'exanpl e, the
activat ao V\nsltd>rag¢p|f@dbtanswmltImowmand«dioés nthbave talbe genddatddi n an anount so

that the pH of t | urr mai nt ai_.ned at out 2 to 1 r ef any about
o a0t nd rbesnole B SR nventen Sera Maig adiatads Bramy ba uoed
in the acti Gy maKfHEiRtsObERIsE RGbHScSs BRIVEIIVS Hdtadaseti ¢ aci d,

propanoi ¢ acid,” butanoi c aci d, pentanoic acid, hexanoic acid, heptanoic
acid, oct an@hema‘actw)'mgoreanlar@e ayptetyl ft ircetahdlayext dispersines.edhe Al so

10T 9an© 2gh BN o TheRioh A S ot ARBLYShE, 201 S,
Preferred amr@cﬂémldaheeﬁnltéﬂﬁt'vh@dﬁtthe expeR inthéairea orilitparbiact@ei d groups

substituted w th hydroxyl groups such as malic aci ds tartarlc aci ds
gl uconi ¢ aci 'a%aCHYﬁiobF?lPt"é" aeithat it wikbe pptimizeddar thesmetal layers————- v 2 p3

pol yhydr oxybenzoi cid,
pyrogal | ol carbo me?;gﬂeggptznw ergﬁ %iwg%%ﬁié?ﬁn?dyﬁ%ta%ﬁlgma@ gt| on,

sui t abl e al kelich ehalabéed)meeamarem asdedcribed below. t he acids can be added as
buffering agents to buffer the solution. Buffering agents maintain 5 the
solution at constant pH Amines are also useful in the conposition of the
present gpnvention. For eX?ﬂ@ﬁAﬁ'@‘bﬁWl!ﬂN?@Nhydr oxyl am ne and ot her
al kanol am nes such as non m ne, triethanol am ne,

di et hyl enegl ycol difiengresthtipdention miatek po pevavel CMP sharyldystéa | i ke. In

ddi ti f ! 2 Solution
addi tion. 2, [0} Rk Alebbor iR o B e S L elsine”

comprising an abrasive; and (b) an activator solution comprising at



polishing tantalumor titaniumlayers. Exanples of fluorine containi N9 IAN 7003
conpounds are hydrogen fluoride, perfluoric acid, alkali netal fluoride
salt, alkaline earth netal fluoride salt, anmmoni um f 1 uori de) 15

t et r anet hyl ammoni um f | uori de, anmmoni um bi f1 uor i de, et hyl enedi anmoni um

di fl uori de, Iezaséttws»|canmoﬂemﬁsraalegtadtfmm|th©grw eonBisting of: @8 t hereof . The
preferred fluoride i other useful conmponent is a
corrosion i r?l’ﬂc{%%r ?C'aéo?'?“&? ‘ﬁ‘ﬁ[‘giaﬂSP? HRLRe 89”%&?{9%'[ riazole (BTA),
6-tolylytri %6ﬁ{pﬂ>un1=ls29m(r8318n%fﬁ@l&&@xu@ﬂf&m@ a@é}ﬂgé%rblé‘légicﬁl car boxylic
acids, mxtures thereof, and i ke, may used. Furthernore, chelating
agents may l@@eat&i@mltﬂbatméu%t@mlmwt%&m@&c aetglllayesdieing net et racet i ¢ acid
(EDTA) , i)g o'&é{(gt hyl et hyl enedi am netri acetic acid (NHEDTA),

nitrilotria f 5 acid (NTA), diethylklenetriam nepentacetic acid (DPTA),
et hanol di gl yci nate, m xtures thereof, and the like. Still other chem cals
that can be added to the actlvator soI utlon are bi oI ogi cal agents such as
bact eri ci de, bi oci d3ERA )i ENRHONH i s around about 6

to 9. Preferred cterlcdels t 30 Ie sel ected fromthe
group consi sting WFPQ ﬂ?‘eséﬂrﬁ)'ﬂ?\(ﬁiﬁ!\ﬂ'?&?qr%gys? EPﬁ?l‘" anmoni um
chloride, tgehrieRIVClorYABRNfARINHY. orhéi§|urrty€styé?ermbbvﬂ r@émnbwﬂ@ydrom de,

tetraet hyl anmmoni um chloride, tetrapropyl “amoni um hydrOX| de) 7 29
~1 ~af ~~10~QTihedirt pav i 9 I0enatic Wispersion thﬁhqwsdﬁmtau@ am@abrasive and

about 1 to SRR ASENANR BleY UGN pE RSP NG, A0 £ BRI 07" oo Uim

hypochl ori t ¢hatKeeperthé ebrasivé imgispeteions Tieslgeneny dispbisigreca® béhe
bi ol ogi cal agent is present in an amount of about 0.001 to 5% wei ght

per cent baségedfor pelishingamelals @stwelt amdw@t@r&awe\v&u&lectn%m&at dfe may al so be
added to thegachy gﬁh‘?é aSRve bBﬂat%%él@%ﬁ $HE LRHABF sGigFGRuUNds 1 nclude any

of the nunmerous non-ionic,
15 comprises chemicals such as oxidizers and acids that are customized

for the metal layers.

The generic dispersion will typically only contain an abrasive and
optionally a surfactant and a stabilizer. Typically, the abrasive particles will
be fumed silica which is the most common abrasive used in the

20 semiconductor manufacturing. However, if the manufacturer desires to
standardize on a different abrasive, that may be done as well. In addition
to silica (SiOy), other abrasives which may be used are: alumina (Al.O3),
silicon carbide, silicon nitride, iron oxide, ceria (CeQ,), zirconium oxide, tin
oxide, titanium dioxide and mixtures thereof. The preferred abrasive is

25 fumed silica or a solution grown form of silica (colloidal silica). An example
of the generic dispersion is Cabot SS-25® with 25% fumed silica and a
small amount of KOH to stabilize the dispersion. It has been in use for
over three years and is very well known in the CMP art.

The surfactant compounds which may be used in the dispersion

30 are present in an amount of about 0.001 to 2 percent and preferably in
the range of about 0.01 to 0.2 percent based on the total weight of the
dispersion. Suitable surfactant compounds include any of the



cati'onic or anphoteric surfactants known to those skilled in the arts QllgNl'ZUUi
a preferred enbodi ment, the activator solution conprises: (a) about @):0’ ’
w.%to 5 w.%of hydrogen peroxide; (b) about 0.05 w.%to 3 wt. % of

propanoi ¢ acid; (c) abaut, 0.02 wt.%tq 1.5 wt.% of benzotriazol e; and (d)
about 0.01 RHMRreWS POIONICoRNIONIca RBIIRME RE MRVt SUFACARISKNONEh al so

I ncl udes a %%%?nggd iBQhESJH ng 15 netal |ayers) using the slurry system
di scl osed. € process conprising the steps of: (a) providing a substrate

with at | east on@ptivhally| awetting digermmoay be nged. Jherwattiaygdgemt conprising (i)
a di spersion solution con‘%i sing, an abrasive and optijonally a surfactant
and a st abi M3 by fapexampimdag achd stehas hydioshlogsiagid, @s ted@tinsi ng at | east
two 20 conpppgnp tel%?llﬁ:t§§4é E?H‘téﬂ/ﬁué}r&‘éﬁ’ consi sting of: an oxidizer,

aci ds, am nes, chelatirig agents, uorine-contai ni ng conpounds, corrosion

i nhi bitors, buff&hergptrgahstabiling amin the demdripdiepérsigeigt s and ni xt ures
thereof; and (c) chem cally nmechanj cal Ia@gol_ I shing the substrate with the
slurry syst BrefelabWKQp o Moi6R Is afdeq it swilicient amoYNtol® wi Il be

custom zed ; I | preferred
activator s%ﬁﬁ{s?@nﬁgf&gﬁgg%%%bhﬁg% ?%%c%%ivaﬁlgﬁfggﬁ Eg%ggﬁ t0f
TypeAbr asi véA@&.i vat or D sper si onSTDTungst enSi 02 or A1203H202 or ferric

nitrate +Lactic id or Nitric Acid+ Bufferjng Agent 8 2.9 I~~1]d 2~~3
Copper | 5 02 or Al D14 ANHEL BRTBPESSR P REBICRS DAL AR PHEMIZELE d or citric

neakaci dTi { s Dol eSS AT nd T TR T Ao e o s
expl ai ned bpresent invemtiohanayl &iciide aw okidizer e Aerycsesitable Exidizanmiays, which are
of - Copper” P Useth roxaBlearit 2 g oBEeF oS BRBRRRRR TS it i112ing o
silica di spgbfdseiurs derriRyahiae, pedstiurbdichtdmat, pbiishin iddaté] spersi on was
m xed with an 10 activator containing hydrogen peroxi de and propanoi c acid.
The fink} potassium bromate, vanadium trioxide, hypochlorous acid, sodium
hypochlorite, potassium hypochlorite, calcium hypochlorite, magnesium
hypochlorite, ferric nitrate, KMgO,, and mixtures thereof. The preferred
oxidizer is hydrogen peroxide. The amount of oxidizer is typically
0.01% to 10%, and preferably 0.1 to 5% by weight of the total weight of
20  the slurry.
Other chemicals are also added to the activator depending on
the type of metal being polished. For example, the activator will
typically contain an acid. The acid is added in an amount so that the
pH of the slurry is maintained at about 2 to 11, preferably about 2 to
25 10, and more preferably about 2 to 5. Any suitable acid may be used
in the activator including organic acids such as formic acid, acetic acid,
propanoic acid, butanoic acid, pentanoic acid, hexanoic acid,
heptanoic acid, octanoic acid, nonanoic acid, lactic and mixtures
thereof. Also inorganic acids may be used such as hydrochloric acid,
30 nitric acid, phosphoric acid, sulfuric acid, hydrofluoric acid, and
mixtures thereof. Preferred acids are those that contain one or more
carboxylic acid groups substituted with hydroxyl groups such as malic
acids, tartaric acids, gluconic acids, and citric acids. Also preferred are



copper slurry mxture contained 1 % H202 by weight , 4% funed silicashy,,, ..
wei ght and 0.1 nol ar propanoic acid. Copper wafers were obtai ned by é ut'figpls
deposition on a silicon wafer and were polished using the copper slurry

with a Rodel 1C1400 pad and | PEC 472 tool. The 15 renoval rates were in
excess of 4polyhygdraxybensgaicanidosysh gs phthalie asidso pyresateshpiecidhe

mechani cal * B3I SEBREE ey Ry ey G HER TP anhBEe ST 880 M8finer ci o1 “copper
slurry (RodelitabléGARali bpdikaling eaith pesthbsaie sfehe RerRisdsh Be Begear ation of
Tantal um CVP Slurry System A Ta sl urrqmty%s repared using a standard silica

di spersi on &8duiferiag agants 4@ brffenthes 3uifenEnagets maipta m /| sol ution
of propapoi o | shi was performed on an | PEC472 polisher using
st andar d§|8 ?’héélﬁb@&f’ﬁ%g C@ﬁgtﬁﬁgﬁ‘?ai ned copperltantal un’silicon dioxide

| ayers. The renoyghinegtse akso ogefuhia the compositiorrsf thpresgntin for 9 2 9
.Ind 2f1f13 copper, 100 nmimn for tantalumand 130 nmmn for Si02. The

passi ve et cinveatien Sarexammanths aminginmay brahydrexgamingand othefhows how t he

shelf- life [ rsi d .solid abrasive is
et ui b BREnPH e SIRF 8 ﬁ‘@%"?ﬁéﬁ’gﬁ@% RS o (e Tabl o
2Ti me hr s Cukiithaholabitiné StietrhferiegiidataminE ONLNdroxylethylpiperazine, and

d
RT0324540343245403424338133632893484831535425683682968973131153275343916899

7512387368348 8ke.0 Cul0K and Cul5K are slurry compositions containing the

(PO areater t nihaoBlerh pRERbeLahraife SR, riah B REIBLEGR 20 The

I ﬁr ge part Lpbﬁsldngna?]tailmnroeaﬁmr;gmﬁ ldyer'sngimjnplegef ﬂﬁo:ﬁd&acomaiiiing?ii spersi on,
that is, there is i gher, nunber of particles. haying a particle size
reater t haROBRSENARGTES s9dan fhariie. PaFcedad Alkalpetd Buotife sl o6

m crons coniiddiHE @ atPHetd triudtiby shR. 419 lidrigg surface of a substrate,

H‘Eﬁﬁ@m
i.e. copper. The present invention has been gescrl bed with particular 20
ref erent® t tetraroethyddromaniumdiuesde hamewiumtbifdridebe obvi ous to one of

ordinary Skiehllylciarpe igr%rr?&%iu%h&%lugrri]cf‘err%‘laesihglggle rlaorlrilr];‘lio(r:r%tn‘il Huonae al?'l% made
mixtures thereof. The preferred fluoride is ammonium fluoride.

Another useful component is a corrosion inhibitor. Corrosion
inhibitors, such as benzotriazole (BTA), 6-tolylytriazole, 1-

20 (2,3 dicarboxypropyl-)benzotriazole, carboxylic acids, mixtures thereof,
and the like, may be used.

Furthermore, chelating agents may be added to the activator
such as ethylenediaminetetracetic acid (EDTA), N-
hydroxyethylethylenediaminetriacetic acid (NHEDTA), nitrilotriacetic

25 acid (NTA), diethylklenetriaminepentacetic acid (DPTA),
ethanoldiglycinate, mixtures thereof, and the like.

Still other chemicals that can be added to the activator solution
are biological agents such as bactericide, biocides and fungicides
especially if the pH is around about 6 to 9. Preferred bactericide is at

30 least one compound selected from the group consisting of tetramethyl
ammonium chloride, tetraethyl ammonium chloride, tetrapropy!
ammonium chloride, tetramethyl ammonium hydroxide, tetraethyl
ammonium chloride, tetrapropyl ammonium hydroxide,



therein without departing fromthe spirit and scope of the present "

I nvention as defined by the followng clains. 10 29 .; ~~r,"' Q)O%gv\ﬁétzgm
s clainmed is: 1. A novel slurry systemused for polishing netal |ayers
conprising a first part and a' second part: 5 (a) said first part

conpri si ng alkylbsnaykiroathytaramonivne bydioxiden@ngssential |y of an abrasive, a

bilizi d f : d I, d d. i Si
2ctivat or oalaBebAPelyEEBRLER phicheR. bRk s BRI Fetestnents o o
sel ected frqpglabbite! &5 ORAAKHE. StHABretbfre@BictiddlisZRidiurAiisrite an nes,

chel ating agents, fluorine-containing conpounds, corrosion inhibitors,
bi ol ogi cal eysedism bypdcideriat Jhetprefarredhfyrgigide is sedidmmyithione. t her eof ; 1s

wherein said first and secand parts of said. sl.urr mar e packaged
cepar at oy, 18° BiboBpLadIR pepinin ah i dntpr bl BYBI P hn Sor ut on
further conpeigiftperceritiiaredaH thendta welighti ofithé aetiagent . 20 3, The system of
claim1 wherein said abrasive is selected fromthe group consisting of;

silica, alum na, Surfactast nay aisade addadciortheiaativater splusianoaut@blecer i a,

zi rconi um ox| tin i.d i I um di oxi de and m xtures thereof. 25 4.
The syst em sergrtat SaipRifs Il A L 8RR ERERs N abtFlifed o1 ca or
col | oi dal statidric @ @ toc Sarfatitafte. knewnlfethd¥é sRie@fin Herd) 1 wherein said
surfactant is selected fromthe 30 group consisting of: non-ionic, anionic,

cationi ¥ and anphve @referegrembodiment, by aniwatoy sobitiosicomprisesl (aher ei n sai d
o an - SRR RS YR 108 o Ml e Boe! BYTLREB A 5L 5 =o'
hexanoi ¢ actad} wigpticipedsarfsit dcid (d)aboiut 0202 Wt YntNhBoitc% of
benzotriazole; and (d) about 0.01 wt.% to 2 wt.% of ethanolamine.
The present invention also includes a process for polishing
15 metal layers, using the slurry system disclosed. The process
comprising the steps of: (a) providing a substrate with at least one
metal layer; (b) providing a slurry system comprising (i) a dispersion
solution comprising an abrasive and optionally a surfactant and a
stabilizing agent; and (ii) an activator solution comprising at least two
20 components selected from the group consisting of: an oxidizer, acids,
amines, chelating agents, fluorine-containing compounds, corrosion
inhibitors, buffering agents, surfactants, biological agents and mixtures
thereof; and (c¢) chemically mechanically polishing the substrate with
the slurry system.
25 As discussed above, the activator solution will be customized to
the metal being polished. Table 1 below shows the preferred activator

solution for specified metal layers.

Table 1
Metal Type Abrasive Activator
Dispersion
(STD)
Tungsten SiO, or Al,O3 H.O, or ferric nitrate +
Lactic acid or Nitric Acid
+ Buffering Agent




acid, lactic acid, hydrochloric acid, nitric acid, phosphoric aci d,29 JAN 2003

sul furic acid) hydrofluoric acid, nmalic acid, tartaric acid, gluconic acid,

citric acid) phthalic acid, pyrocatechoic acid,. pyrogallol carboxylic

acid, gall i-';_a.ci-dE_E_t.aa: - i i - : em of

claim 1 whqreonpesai d ani|rdOror &daQact ed f ridia Qe Phepaneie asist @t i ngf of :

hydr oxyl amiji@ntaionoet harjol ami ne, di et hand|l phthalis, acid iog citri@atigni nej,

di et hyl enedl ycol am ne, N hydroxyl et hyl pi pe¥ BZiAne) and o m xtures| t hereof .

8. The systlemaaluft 21 M 1 SI0seeALGal d T uoriaes aMyFal ni ng conpound i's

sel ected f wph%rgroup & STl : | ric acid,

al kali metgl tluoride sglt nmoni um

fluoride, b—et-raret-apreri-ti-H-uoeride;

et hyl enedi 4ri@Rilh di f | doraer hyl eneft 3G fluoride and

mxtures thereof . 9. The systemof claimil@ ' i nhi bitor

is selected fromthe group consisting of: benzotriazole) 6-tolylytriazole,

1 20 (2,3,dicarb ropyl.) benzot ri azql .carpoxylic agids and mxtures

thereot. 10 - The HYSIUBEANE axpirineatsiow it Rdhet Selainbfth iefiined €' serect ed

fromthe gr WStk ' hieiinR e o iIRGtrdti

hydr oxyet hy?gfa Ig%e\g}?lg&%ﬁgbﬂ g%gﬁyﬁd?g@'?bﬂi %l?tlttls)g‘?fgfl Iggg?igggg%’?\!d, 2s

di et hyl kl enetri am nepentacetic acid, ethanol diglycinate, and m xtures

thereof. _11. The systemof claim wherﬁqig said slurry systemhas a pH from

bet ween dbout 2 to 11. so 12. Thelré’f/%'l"g f claim 11 wherein said pH of

said slurry systemis f:;é)ﬁgrg%%p@oépgpb Eﬁ"ﬁfs%&ém The system of claim?2
i t

wherein said stabilizing agent is selected fro e group consisting of KOH
and NH40H. 12 2 ~| ~;~jr~ z03 14. The systemof claim1l wherein said

bi ol ogi cal agents, are selected fromt rQup consi stin f: sodium
pyrithione, sodi M%W%ﬁ' r@,’W@Btﬂ%ﬂﬂ?\?’ﬁ@&ﬁgﬁg{%fﬁi{sgtd:‘sé%é%ﬂ{)l anmoni um
chloride, tehtfhing 1286M0medsilial oridlsiica aispariiePwas dixeaividtA ghl or i de,
tetranmet hyl anmmoni um s hydroxi de, tetraethyl ammonium chl oride, tetrapropyl

armoni ukP hy @chyatee corlaiying bydiagenramyideranshropangigrasid.dEhe dinal

al kyl benzyl di ﬂg\m i i r el : 0.y anges from
about 1 to %SBEél%Ilgn ) %H?gggﬁﬁ%@ﬁf@/gpg?%ggwééﬁdﬁ%%ﬁrgggg%"&aabrasi ves) for
a slurry sysdyameibht apd Dl sivolar prepahoicacid. sCopperdwaiers were pbtaimediavi ng a
first part and a second part, sald activator sol ution CO%i sing at | east

two conpone Y§r§$ﬁeé@pge§ 'PBI?PtEhfé'"@‘P’bM@f%r_ . were golished ysing the zer, acids)
ani nes) Che'c%h??ﬂs@ﬁg%ﬁ") a RoH 1460 pha R IBEECABLIHHIS Theor F 0si on

i nhi bitors, eri agents, ]
15 removal rates were in excess of 450 nm, the non-uniformity was less

than 5% and the selectivity of copper to SiO2 was over 200. The
passive etch rate without mechanical polishing was 10 nm/minute. In
comparison, a commercial copper slurry (Rodel QC1020) had similar
performance.
20
Example 2
Preparation of Tantalum CMP Slurry System

A Ta slurry was prepared using a standard silica dispersion and
25  an activator containing 0.2% H202 and a 2.5 ml/l solution of propanoic
acid. The polishing was performed on an IPEC472 polisher using
standard 8 inch wafers that contained copper/tantalum/silicon dioxide
layers. The removal rates using the Ta slurry was 125 nm/min for

9



15 surfactants, biological agents, and m xtures thereof; wherein s& @ A4 2003
activator solution is said second part of said slurry systemand is
packaged separately fromsaid first part. 20 16. The activator. of claim15
wherein said acid is sel ected fromthe group cqnsistin f. formc acid,
acetic aci dCORRpARBiNN/AANdor amntalHe) %“%839,”"@{5]*\’9 Z‘?foé' gc'i?ﬁ‘? hexanoi ¢ aci d,

hept anoi ¢ aéégsivg(é‘%ﬂ@g%ﬁsafégg)‘“mga'ﬂﬁ’lﬁ'ﬁipaci d, lactic acid, hydrochloric

acid, nitrit acid, orrc aci uric acid, hydrofluoric acid) malic
acid, tartaric acid, gluconic acid, citric 25 acid, phthalic acid,

pyrocat echoi c acid, pyrogallol carboxylic acid, gallic acid, tannic acid
and mi xtures thereof. 17. The actiBX&™Pleo3 clai m 15 wherein said amine is

e hand!art ne S0P ERURRALS A a5t Bt AR Rprpane ol o e
N- hydr oxyl etdiilcedperen tHiesolrnabraskieus esixéd eitthendi8als Useddattheat or of claim
15 wherein said fluorine-containing conpound is selected fromthe group

consi sti ng €epersjen agestenedaveddimeerfl uoric acid, alkali 13 2 9 ., Hd
z03 netal fluoride salt, alkaline earth metal fluoride salt, amoni um
fluoride) tetranethyl anmoni um fl uoride, ammoni um bifl uori de,

et hyl enedi anmoni um di fl uori de, di et hylrab#sd 2i ammoniurn tritluoride and

m xtures thereof. 5 19. ~ The activator of claim 15 wherein said corrosion

i nhibitor idl edCuiBk 68L ¢ ; sQﬁ%&nﬁ_ b iFlzol e,
6-tolylytriazol 8 1(2,3,324%rboxypré®34) benzotdZ4dzol e, Moxylic acids and
m xtures theread4 20. The activat or3381cl ai m B868herei n 2883d chel ati ng
agent is select48l from t483group cob354ti ng of2568t hyl ened882 net et racetic
acid, N hydroxysg hyl et hyggredi am net3i1gceti c @274) nitridq@¥ari aceti c acid,

di et hyl kl enet r iyggl nepentggps i ¢ aci dyo3gtzhanol diggggci nat e,423d m xt ures
thereofyg21. The activator of claim 15 wherein said netal |ayer is

tungsten, said 15 oxidizer is selected fromthe group consisting of:
hydr ogen per oxi dEudf dret CudSKiareslw)y eonipssitidnacontaining ¢éheesolietl from t he

group consi Sl%:i ng of: l‘ﬁ(:@i‘c aci.d|and nitric acid. 22. The activator of
cl ai m 15 whBPESHETIXPQRY ISB?@éﬁa%tgents are 20 selected fromthe group

consi sting of: snﬁiramepzméﬁgbimﬁcle%adianLqin)%rbzamr tHasl0LBB MidteRd! ori te,
tetranmet hyl ammoni um chl oride, tetraethyl anmoni um chloride, tetrapropyl

amn! um chaws shrwn.t dhelate wicammtqhﬁﬂ@r@:emr&@,e Cplé'ﬂ_t%.i@?f%ﬂseam!’li um
nvar oxi B, - SnrEretee VRO PR et silarBde e SREFLIMERE o )

\(,:\Eai n rangesf f)ammlealbfwﬁnglatpart&ﬂe sm@agrga:cﬁqrman 0156 midronsiover trhecl ai m 15
erein said netal, layer is copper. an erein sai ctivator conprises
hydr ogen pegﬁﬁl Sizgh géﬁtﬁrQ@%@~%@@@$ﬂ§Bmtf'h'éteg?‘-&?gar&ﬁ\{git%ti ng of
propanoi ¢ agifdctdbh 1 bGrface 6f 838bstrhfe FedCoher.

The present invention has been described with particular

20 reference to the preferred forms thereof. It will be obvious to one of
ordinary skill in the art that changes and modifications may be made
therein without departing from the spirit and scope of the present
invention as defined by the following claims.

10



and benzotriazole. 14 2 9 .' ";"~ 2~~3 24. The activator of claiyg 1hy 23
wherein said netal layer is tantalum and wherein said activator conprises
hydr ogen peroxi de and amoni um fluoride. 5 25. The activator of claim 15
wherein said netal |ayer is alum numand wherein said activator conprises
hydr ogen per OXI de, ammonium fluoride and a weak acid. 26. The activator of
claim 15 tds AlaYRed isiet al | ayer is titaniumand lo wherein said activator
conpri ses hydrogen peroxi de) ammonium fluoride and a weak acid: 27. An
activator solution, free of abrasives, for a slurry systemused for
poI i shi ng1net ai dcarﬁesmrry%ﬁstbrshuéd fbr%ﬂsl@:ﬁghﬂlahlgyersfwrﬁpnspagia and a second
part, said actjvator dsol ution conprising: (a) about 0.05 wt.%to 5 w.%
of hydrogﬁ"ﬁ’ part@ndrseed)d Ba%ut 0.05 wt. % to 3 wi.% of propanoic acid: (c)
about 02 mt.%to 1 w.%to 2
w . % o? et hanol am nia)%a‘M i Pég%@@%mﬁ?%gfgs?&g%&lggi?riggﬁsgnaé)d second
part of said slurry smlsen’ﬂaﬂycbﬁam qmaklag,eais’@éﬁamage,ntmmsal d first part.
28. A process for pol Is{?ﬁw r%} | ayer conprising the steps of: 25 (a)
providing a substrate taﬁ%ﬁq ast one netal |ayer; (b) contacting said

substrate with a sl (b)rsxmcsyectc&m)pamc@hﬁhslnwnwmemsohmubhsirag;of(i) a first
part conprising a dispersi.on O|utIOT conS|st|n entially of an

abrasive, a stabilizi Rprag¥es, haying af leastiue comp ”§F| sﬁl?ﬁteg QR ond part
conpriging an so acti \{ﬁé L&P&éﬁélﬁﬂ d‘fré»‘t?oﬁﬁuzépra?e‘?dél%‘iﬁmeév' ng at | east two

conmponents sel ected from t rou on5| sting an oxi di zer, acids,
am nes, chel ating ageruhglatmgmentseﬂuonm%rcnhtamm@manueqls,corr03| on

e L R R B, o

buffering agents, and mixtures thereof,

15 wherein said first and second parts of said slurry system are
packaged separately.

2. The system of claim 1, wherein said dispersion solution further
comprises a surfactant and a stabilizing agent.

20
3. The system of claim 1 wherein said abrasive is selected from the
group consisting of: silica, alumina, silicon carbide, silicon nitride, iron
oxide, ceria, zirconium oxide, tin oxide, titanium dioxide and mixtures
thereof.

25
4. The system of claim 1 wherein said dispersion solution is a fumed

silica or colloidal silica dispersion solution.

5. The system.of claim 1 wherein said surfactant is selected from the
30 group consisting of: non-ionic, anionic, cationic and amphoteric

surfactants.

6. The system of claim 1 wherein said acid is selected from the group

consisting of: formic acid, acetic acid, propanoic acid, butanoic acid,

11



and sai d second part are packaged separately: and (c) chemically 79 JAN 200
mechani cal ly polishing said substrate with said slurry system 5 29. The
process of claim 28 wherein said abrasive is selected fromthe group
consisting of: silica) alumna, silicon carbide, silicon nitride, iron

oxi de, ceria, zirconiumoxide, tin oxide) titaniumdioxide and m xtures

t hereof . pentadoicTaeid piecarsic atidchaptandi8 dute vetahoci@béiddhepsigiton solution is
a funmed siljca or colloidal silica dispersion solution. 31. The process of
cl ai m 28 ARGy BGtic 8514 ydspdenorcid giifiiciasid, mhospberia BCidomwfurites a sur f act ant

and a stabLly gl . ; . Pl i : .ein. said

surfact antg g’haﬁg&%ﬁggﬁgﬁﬁgﬁﬁ a)}'ys%ll ogéﬁ%fc??cﬁéh %@5@? %ggl’\@gﬂé?&d? ng of:

non- i oni cphthaiiosickl, pyrddatectvieaddapyrpbalia catbaylit ackiaghllic ad,33. The

pr ocefﬁ O{a cl ai md28 wher ei n ﬁai d acid is selected fromthe group consisting
of : fot m BNNG aeid NG PRtdEsdhersobpanoi ¢ acid, butanoic acid, pentaanoic
aci d, hexanoic acid, heptanoic acid, octanoic acid) nonanoic acid, lactic
acid, hydrochloric acid) nitric acid, phosphoric acid, 25 sulfuric acid)
hydr of | uofi ¢ athe system of aleim 1 wherebr $aid aoiing ig$eledrddramite citric acid,

pht halic i d, 1 t echoi id r.ogal | ol. carbo ic ., acid gallic acid,
tannic ac&%ugncﬁésgﬁﬁrogsn??‘f@?‘@%fmhe\%%o Sh?ﬂ'oc&%@ e’ﬁéb?a?'W'Merei n said
anine is fsietearictaminey aidth@lenegigeslamire) N hgdrorgletiyipipi tHzing laae ne,

nonoet hanol am ne, di et hanol am ne) triethanol am ne, di et hyfenegl ycol am ne,
I\I-hyd?ooxy‘ln&tﬂﬂﬂsﬁhﬁéﬁ%{-zi ne, and m xtures thereof. 16 ~ o~ ~t~~7 e
c!,~ 1 35. The process of claim 28 wherein said fluorine-containing
conpound is selected fromthe group consisting of: hydrogen fluori de,
perfluori®& acithe systah ofelainh 1fwhereinds=id filorineatkofiinieg eampbundtisl f 1 uori de

salt, a ' f L e hyl ' fl i de, anmoni.um bj.fl uori de,
et hyl engg?p %‘%r#? |ft°ﬁ%“‘%§ﬁ‘{!’oﬁfﬁsﬁ”§y %Wéﬁ%ﬁ'}’g}%rﬁdﬁm\‘?% ?‘f'ﬂog‘}(a and

mi ﬁf{ E-r es rhb_&ﬂélﬂbridé&glt,;l'hlkathﬁaﬁeﬁﬁﬁ nm‘talcﬂm'ri_db%&lty\bmre&ngum&i@rmr r Fsi on
inhibitor, s s cted fromthe group consisting of: benzotriazole,

6t ol U1 y VPR B oR U Bae s PRI BR e XM NS CRNBAI TG aci ds and
m xtures difgsfed, didiByRhetrRmBhRA® &FUBHAE bRl Migtursb ei&epr. sai d chel ating
agent is selected fromthe group consisting of: ethyl enedi am netetracetic

aci d, Nnhydroxyet hyl et hyl enedi am netri acetic acid, nitrilotriacetic acid,

di et hyl klgnet r4@a4m i Wl 3 L glawod nat. 1 Xxtures
t her eof . %5 38Tﬁélthg§%§g%€‘g§%? "@féég'r?f%&mégf’ﬁ 'ﬁ?'ﬁﬁgﬁﬁ‘?%&s‘%tem has a pH
f r om bet Viewn the @reupcensisting b bempetripzale cg-4olylitridizalan138 wherein said pH of

sal d 53l urhys SisHERybfopyhbenzotriazole, carboxylic acids and mixtures thereof.

10.  The system of claim 1 wherein said chelating agent is selected from
the group consisting of: ethylenediaminetetracetic acid, N-
hydroxyethylethylénediaminetriacetic acid, nitrilotriacetic acid,

25 diethylklenetriaminepentacetic acid, ethanoldiglycinate, and mixtures thereof.

11.  The system of claim 1 wherein said slurry system has a pH from
between about 2 to 11.

30 12, The system of claim 11 wherein said pH of said slurry system is
from between about 2 to '10.

13.  The system of claim 2 wherein said stabilizing agent is selected
from the group consisting of KOH and NH,OH.

12



20 from between about 2 to 10. 40. The process of claim 31 whereir $atiZ03
stabilizing agent is selected fromthe group consisting of KOM and NH40H.
2s 41. The process of claim 28 wherein said biological agent is selected
“fromthe group consisting of: sodiumpyrithione, sodiumchlorite, sodium
hypochl orite, tetranethyl ammonium chloride, tetraethyl ammonium chloride,

tetrapropy} a 8's%?e‘ﬁh‘bf’&'aﬁﬁ1\kﬁéréf?{§’£& E]@lo%@e‘ﬁgﬁogb@wé&%, tetraethyl

anmoni um chl ori tetrapropyl ammoni.um hydr
al kyl benzfromh ﬁhtethleprmnmstmg bf/chlod)undpyrnhmd\eabwmcemlyhtﬁ sediwyh anmmoni um
chl ori de,  wher chai n, ran to 20 carbons. 17

AUF. A, . A?VWC*‘X"’QBA&(&‘NF VigmiRes| i Chiagde ﬁpﬁﬁg‘yﬁam e: x! b[ h e6
q wr mhe” Veeisligd)] etk %mhﬁ%&ﬂhﬁﬁdm&]@l&%%bp%ﬁiﬂrﬁ%cal ca] ca] ca] ca] cal ¢

aJcalcalca U] c a] caFca ca Ul ca] ca
CB! &*t&vmmxm tetmgt ﬂ]amm@awawama]t@bi?nr@p&b@r@a]%q'ma] ca] ca] ca] ca] ca] ca

calca]c " HAHHSOOX (+++. Q 1344*515
!5 y]t 0j ]e E@%&%@% %ﬁ%@%@%@ﬁ%@gl %@]’g’g‘}@&%‘@q]’ga ta ca U] c™a] cfa] cal ca] ca
EJ] c”a] ca] sikypahepbitethyrinthahica cabied, aarainctak =HiOeREMGEADES 78R888839€999:
<d<<<f}'§(f§1rﬁ*29‘-2]1cfé’]%fa]-‘%@f’6§] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! <3=n===: >~>>?D???@Q. @3 AdAAABK
BBBBWC\ CCYDDDDDE} xsni d™Y] c] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalcalc
a] ca] ma] ct§.ca] Aaadivatay salutiahclige af abrpsivpedpe a|sdamy aysterHp)

G>GHHEHHHL TL L1 1 JJ JJJJ K L I n
a] ca] m}]\l c%‘]"'bsﬁj'l% X%@ﬁfﬁ]éé%% %g%/rg%% Q%ﬁ%ﬁﬁ% ﬁarl I tc% ](:;]i](:;]i](:;! E]8(l\:/l
Gt mponents selecte
RRRR#SSS N'IJ} xsnid_Z] ] o ] g%mﬁfgz%acarcsa] C%c(c:na i~ enﬂ‘g%ca ca) calca]calc
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nonanoic acid, lactic acid, hydrochloric acid, nitric acid, phospharic acid,
sulfuric acid, hydrofluoric acid, malic acid, tartaric acid, gluconic acid, citric
26 acid, phthalic acid, pyrocatechoic acid, pyrogallo! carboxylic acid, gallic

acid, tannic acid and mixtures thereof.

17.  The activator of claim 15 wherein said amine is selected from the
group consisting of: hydroxylamine, monoethanolamine, diethanolamine,

30 triethanclamine, diethyleneglycolamine, N-hydroxylethylpiperazine, and
mixtures thereof,

18.  The activator of claim 15 wherein said fluorine-containing compound is

selected from the group consisting of: hydrogen fluoride, perfluoric acid, alkali
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20.  The activator of claim 15 wherein said chelating agent is selected from
10  the group consisting of: ethylenediaminetetracetic acid, N-
hydroxyethylethylenediaminetriacetic acid, nitrilotriacetic acid,
diethylklenetriaminepentacetic acid, ethanoldiglycinate, and mixtures thereof.

21.  The activator of claim 15 wherein said metal layer is tungsten, said
18  oxidizer Is selected from the group consisting of. hydrogen peroxide and
ferric nitrate, and said acid is selected from the group consisting of: lactic

acid and nitric acid.

22.  The activator of claim 15 wherein said biological agents are

20 selected from the group consisting of: sodium pyrithione, sodium chlorite,
sodium hypochilorite, tetramethyl ammonium chloride, tetraethyl
ammonium chloride, tetrapropyl émmonium chloride, tetramethyl
ammonium hydroxide, tetraethyl ammonium chloride, tetrapropyl
ammonium hydroxide, alkylbenzyldimethylammonium hydroxide, and

25  alkylbenzyidimethylammonium chloride, wherein the alkyl chain ranges
from about 1 to 20 carbons.

23.  The activator of claim 15 wherein said metal layer is copper and
wherein said activator comprises hydrogen peroxide; an acid selected
30 from the group consisting of propanoic acid, phthalic acid and citric acid,;

and benzotriazole.,
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polishing metal layers, said slurry system having a first part and a second
15  part, said activator solution 'comprising:
(a) about 0.056 wt.% to 5 wt.% of hydrogen peroxide;
(b) about 0.05 wt.% to 3 wt.% of propanoic acid;
(c) about 0.02 wt.% to 1.5 wt.% of benzotriazole; and
(d) about 0,01 wt.% to 2 wt.% of ethanolamine;
20
wherein said activator solution is said second part of said slurry
system and is packaged separately from said first part.

28. A process for polishing a metal layer comprising the steps of:
25 (a) providing a substrate with at least one metal layer;

(b) contacting said substrate with a slurry system, said slurry
system comprising: (i) a first part comprising a dispersion
solution con'sisting essentially of an abrasive, a stabilizing
agent, and a surfactaht; and (ii) a second part comprising an

30 activator solutioﬁ, free of abrasives, having at least two
components selected from the group consisting of: an oxidizer,
acids, amines, chelating agents, fluorine-containing
compounds, corrosion inhibitors, buffering agenté, surfactants,
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32.  The process of claim 28 wherein said surfactants are
independently selected from the group consisting of: nen-lonic, anionic,
cationic and amphoteric surfactants.
20
33. The process of claim 28 wherein said acid is selected from the
group consisting of: formic acid, acetic acid, propanoic acid, butanoic
acid, pentanoic acid, hexanoic acid, heptanoié acid, octanoic acid,
nonanoic acid, lactic acid, hydrochloric acid, nitric acid, phosphoric acid,
25  sulfuric acid, hydrofiuoric acid, malic acid, tartaric acid, gluconic acid, citric
acid, phthalic acid, pyrocatechoic acid, pyrogallol carboxylic acid, gallic

acid, tannic acid and mixtures thereof.

34, The process of claim 28 wherein said amine is selected from the
30  group consisting of: hydroxylamine, monoethanolamine, diethanolamine,
triethanolamine, diethyleneglycolamine, N-hydroxylethylpiperazine, and

mixtures thereof.
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the group consisting of: sodium pyrithione, sodium chlorite, sodium
hypochlorite, tetramethyl ammonium chloride,' tetraethyl ammonium chloride,
tetrapropyl ammonium chloride, tetramethyl ammonium hydroxide, tetraethyl
ammonium chloride, tetrapropyl ammonium hydroxide,
30 alkylbenzyldimethylammonium hydroxide, and alkylbenzyldimethylammonium
chloride, wherein the alkyl chaih ranges from about 1 to 20 carbons.
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