WO 2008/100377PCT7US2008/001103 PEROXIDE ACTIVATED OXOMETALATE BASED
FORMULATIGINS266@R 3 EMOVAL OF ETCH RESIDUE- FIELD OF THE BNYERbHIN1R801]
This invention relates to compositions useful for removing etch residue Irom microelectronic
devices, which composition provides good corrosion resistance and improved cleaning
efficiency. In particular the invRERXIDEAOTHGE BR)jOXOMET AligTit\BABELI FERMILATEDNRtE

formulations activated by peroxide that arppspagiily BEeH HRERGRICroelectronics industry
and especially effective in removing etch residue from microelectronic substrates having metal

lines and vies. The invention also provides m@ﬁ%B@FoW&MHMB%ch microelectronic
substrates([eéitl dénildeerdinnpéiNanty suivsitionspedititnenBig K ROAUADM Qlcbkkctidd BMdd-OMhich

(0002] An igeasabParREMIEeRGLLAN ielatiisaiandsdha LRe.Rh F’Jﬁsefé?{cgsiﬁﬁsp%m B nion

image from a mask or reticle to the desired circuit layer, After the desired image transter has
been achi@RHEHA SR Y SELE RIRskipts ‘PaPHRtRNS AustetikPRIeHdRdbat PrfcePReRAl ik Ml dhthe
structures finmetedrimithisdustty axkespetalyliefestionid rdbsyiihechmesaltimes aleogkerbiip f0bsates having

electrical GRaSIRRIONG RRIWREMIAIRLR PRI M%%B“iﬁ’rgﬁéatﬁ% UGBt AR té?e’%‘ﬁn% devices

fabrication Iaéer,. The vies are holes that are etched through dielectric layers and later
with a condURAY HENSP™PAEGESare used to make electrical connections between different
vertical layers of the integrated circuit. A hB/AGSRAMDIDITHE ENTIgENerally used in the

processessagd forif ime%e}o@@aﬁom@%b\ﬁaﬁoﬂmsé\&%mmﬁg'tu'%ﬁ@%ﬁ%i@@ﬁ%ﬁ&sk

completedd thecrt)ulk 0 the%&h_otoresst may be removed by either a chemical strlp@ . ution
or by an ofy/GEHF AL TES IRy RN e Stethe de P APROR TSIt aS B @Rty R 8iRg process s
produce hitgkdytdriesol thel desitest atretumesiinThey mesticuesotlsitictoeey fooiedanrbinesieateyetn inesand vias.

chemical SDRaH SAYERNRAS il YRR AR ATIRAAsES ARG sh@'aﬁmgﬁﬁaéqawﬁﬁwﬁa s

oxidized ahd mad e_vei_n more difficult to remove, particularly in the case of aluminum-base
integrated Greints ERIOM AR ot AR ErcReP Bl a1 e diyaversdisiriisarset Grdristsrletbnid 2
August 199ndystigernsest-6BeROid Asadeicamgbéeetstittaitaneetolsigtpeac difisrist thetipattaemng of

metal lines@gr dHeEr ARGogHrLibd R RPQRRs AN N HE Bt ORURG B ARRIEHOLEEs and

metal film mgn imaged through a mask or reticle to selectively expose a pattern in the
photoresist coating. The coating is developed to remove either exposed or unexposed
photoresid00ef@ péfiefitig eehitgeptesass bésheephotolesisthe el pihelphobdisisenapbotanesis bpsittibea

metal patigiéhidnarfpersinies # PSRN alRFeRake b At dBigh iLGMIRRIAIVIGIAG REAME
solvents and OJJtlr(l)r}ﬁIIY to goss- ||nk thﬁﬁ)ogsmer matrix. The actual metal etching step is then

performed THE S AT LR PSHRSORENAE SIS RoLrad 1) B ERupeed visPBITSR phemicetiseasr
a gaseousEha AR Siig o fasbiog moetsd thameflel-sotitrinipa tesivuéscate thaliphiotod esist legemioe
the metal en. B RantRenBiRINERNABECEIS & tAMIAMBAE hHiRPGLls VIt amREBRRICECh and

stripper solutiop_or. with_an.oxygen plasma ashin cedure. The ashing procedure is often
followed k?g/] %.a?lnéels ﬁ%l\‘l%téc%"f'ﬁ%rﬁg(g%@ﬁg fﬁa’{ﬁ’ba?o’?&%ﬂgiggé) r‘iB??gf Bidtion. However, the stripper

solutions E0AMENty exAaIREESUSR @AIBching process is the patteming of metal lines on an integrated circuit. In this
process, a photoresist coating is applied over a metal film then imaged through a mask or reticle to selectively
expose a pattern in the photoresist coating. The coating is developed to remove either exposed or unexposed
photoresist, depending on the tone of the photoresist used, and produce a photoresist on the metal pattem. The
remaining photoresist is usually hard-baked at high temperature to remove solvents and optionally to cross-link
the polymer matrix. The actual metal etching step is then performed. This etching step removes metal not
covered by photoresist through the action of a gaseous plasma. Removal of such metal transfers the pattem from
the photoresist layer to the metal layer. The remaining photoresist is then removed ("stripped”) with an organic
stripper solution or with an oxygen plasma ashing procedure. The ashing procedure is often followed by a rinsing

step that uses a liquid organic stripper solution. However, the stripper solutions currently available, usually



WO 2008/100377PCTRIS20081001103 alkaline stripper solutions, leave insoluble metal
oxides and othgommwialsegnitairiing residues on the integrated circuit. [0005pAnothersesarsple
of such an etching process is the patterning of vies (interconnect holes) on an integrated
circuit. In tRAKHPEEE" sPlliRsto AR el Bals! e and vibermeialeeniatoinariegiduas pndipcitegrated
through a mrask or reticle to selectively expose a pattern in the photoresist coating. The
coating is lo ither ex d or unexposed photoresist,. dependi the
fone of the o et T U T R e
phobresist UL AUCHa - BiRipratSHigihaieieRst Fattine isnelisiover saliskerts ARdheptimeasHyhieush a
cross-link thaskpolyeter tnatectivelhexmstLapalielentiie siahingisemis therteentosaediofdiito remove
etching st [ ' red toresist through the action of equs
Dlasma. RoevA S Aot UL R e e b SRR\ f 4 e »
dielectric 180T HOTNHBRHRRISHL IO SReRINGRIRIERR v hinghieakes alitighianrgaivR:to remove
stripper sosutiients andriifio@tydxygenin asmpayashing)p meadiddickyricathing bepdiates pagimaiches

to a point ‘éit’rﬁﬁ&sm[?rém@g I?fi&&tﬁ@l %B?Lé?é/rgé Qé%gthf%u -Ba\pé.%%o?\roii/%apeir%g)n sné}%sgn%. Removal of

anti-reflective or diffusion barrier layer is typz:a y present at the meta ectric boundary.

This bound4y486eifaaarsiasiHeartisidren e ghriiesiiesetenke dialedrn avernibedpmeiniagphelesist is
found thatttkee rertied (Gltétmaingithaoorginit srifiiarnioimoo bitiiamnid Bxygii lesiny Shibd pResd amiicalko
be 'ncorp%@tﬁge_%Q iy%‘tacr%?{a'gio'iﬁ%%é}g M%H&ﬁgi#@ﬁﬁ IQJemse e¥6§s§XX%{%’r?ilﬁlao? mﬁit?n% rr“mge anti-

oxidizes these via residues making them more tto'remove. A titanium residue remova
enhancing @54t A JEHE0B PR IByEr Aityeicrty Rseestabhe msti(firkstie kayadsrs. tTBIThounsiemy laver is
these residuiety Sehed' Rengb \cdxpbsEitaniadernhg detshrawes oeer fbaniui NidcorandiRnguesion ©f
Via COntaﬁfaﬁi&éb?mﬁﬁnldﬁﬁ@&ué}%ﬁ&g}@%ﬁ{%@%ﬁﬁnﬁ% é%%-? TUARs RIS indgk ot iR

1998: pages 345-352. The ashing procedure IS 0 ) y a rinsing step that uses a

liquid orgalfic SRSPEIPEBAATBAY RIGRRS MRaseiMa retifisPABR BN & ea Rt oMY & ipsivmpsidue
alkaline stréppel so!anmgsagaavmhnﬂwmtole medddeﬂmi.d_&ﬁ am@athaugmtabmﬂaiaigarﬁ@i(imﬁse
on the integigiee! e RIS AR IDEKINMATILRD RRRA SIFRORIAANT oSkl enidhe

removers on the market that have a hfiﬁ organic solvent content, but they are not as effective

h
on other reSiLE MBI URASER o YrhdRe: 1796 SiftRe s O/ P dBive! Whigrrte ScioRturkre ashing
(typically 65@dorligiter)dtoerdiey toinlipgutehenscaieie talioongtine stipsensdutortaldines, thoGARHE:
The use olglkanerRipReIRAR RIEiDHEHE SARtERMCIBMIRABR RRIRLYAS RO SHbar

quality circuits, particularly when used with metal films containing aluminum or various

combinati6HLeBIMGTBS L%t A dfeieatelrd Sl adnSre i SPAIO PYYAHaMINGased Sippers and post-ash
electrqposﬁﬁ@emmmommman@pmham_na\_nmtelgar\i@tuyas types, _tbﬁmyadreoor@siﬂiactﬁueh @Rer
corrosion ykgkerandR vadis &ﬂwé?a.'ﬂ@s.Pmms_e9&&&&@9h%fh'iaﬁb%ufﬁ}@gy&@a\weé'ar%Bﬁ&;Ymaer

due, at least ianlFrt’ lo reﬁction of the metals with alkaline strippers. Further it has been
e

shown, by EEEPSIeS BRSO iR 4asR8d'el55ne8 7149 that very little corrosive action takes
place untild#&]ivate ruse sirajkalteepstiivabis orquireiictd pentaiirg theted fi@niesshripgesylrprodtbel quality
wafer. Theieai gsieuimEwIRRRMN Qviiﬁﬁiél&_l%&o&‘%ﬂé?ﬁiﬂgamﬁm#@l'%%ﬁ? dOHRLERRIY ﬂU@lé)%%ctive

agueous SO|l%iOI’I E‘hat ||s resent durrlrrtllg_ rinsing. Aluminum metal is known to corrode rapidly

under suchebhertione RIAERPrdtanumsh Her Fesimpqsiiye QRpisS4ods (PRBAT Warsien, Yetyya tipes
Prior metrebastalsetiosiom\avith #sisovosimsidiskers lgkivanie muptsisedpittitg rmzdisgeofrinateldingitthave been
non-alkaligReMéPud ABELAGS FA G EUESROAR/ AREAARIRANIGHRNMRNILBE R 1S BOPLIN by Lee

alcohol. Hé?\é\i?)-l’?r sych m%bhodﬁgg_rﬁéa%#enswe and have unwanted safety, chemical h)églene,

and environnfen?g'l conscgqu AT at very little corrosive action takes place untl}/t’he water rinsing siep that

is required to remove the organic stripper from the wafer. The corrosion is evidently a result of contacting the

metals with the strongly alkaline aqueous solution that is present during rinsing. Aluminum metal is known to
corrode rapidly under such conditions, Ambat et al., Corrosion Science, Vol. 33 (5), p. 684. 1992.

[0007] Prior methods used to avoid this corrosion problem employed intermediate rinses with non-alkaline



100081 In US Patent 6465403 there is disclosed aqueous alkaline compositions useful in the

microelectroniggoingisalsysfor stripping or cleaning semiconductor wafer sulpgtratemi®yno1103
removing photoresist residues and other unwanted contaminants. The aqueous compositions
typically o9&l YRS EP ASIRePIpRst AICRIRl. iy such methasisiaisexparsiyA RN OGBS SHiets
about 10-18e(lidaktygiere)=0d edvionaeataitchedugnsmight (expressed as % Si02) of a water-soluble
metal ion-free silicate; (c) about 0.01% to about 10% by weight of one or more metal chelating

agents and%f! oﬁflgﬁﬁV%ﬁ@i%r@ﬂ%ﬁ@s%@QSW@@FeﬁB’ﬁ@Wé’%ﬂdM@imﬁ%e'eCmmcs
disclosed iindisgydorostripringffe ctbaeiy remicydeibongianiobepatamy nabam@pebibraial eadiainiadother

residues remalNBgARRI PSR SRDINgHS TSR .Z,m%@ Dhaling jﬂ%en%eﬁ SRRliGularly

difficult to remove using these formulations. There | ore a need for str

compositioHd ‘iﬁ%{taa‘é’ﬂ% %’é’fﬁi’&&?ﬁ%%i’%ﬁf@r@u@b%ﬁé%%% e ﬁ%‘!}lﬁé t?MF@ﬁHRi‘Rﬁ?féeé R§dnfE02)
contaminatitamhiersosihiehmstabistrinde silloid) ¢1) tablauoad i & tdeutr s bateh et bt bikSor\MérB el chelating
widespreagdquse:n fNpiBn R Ruiligre is also a need for formulations that are able to
remove metallic and organic contamination in less time and at lower temperatures than
compositidf¥9h tHewpréonateStibi cooppitsitidissosad Bt topreosratectiney ieatak igialigsais diidmination

partially C%HJ%EI%t%ﬁ@ rRlRdeS eI ARI AP 'ﬂlqy '8 "étéh\ﬁ.? umgss es‘ﬂlng\ ab%}{{%ﬁn%r e&drgr are

consequences caused bélntermedlate ses. Tungsten an inum nes are p

susceptibl8FECUAHJGEH BaemeYsdana b SRitpriHatRssn RIS e S, dSae Wﬁ%&Pﬁ@S:&ﬁﬁ%@%}that
SUMMAR ¥e@FsdriitEntihNoE MfdGibs{aed Bf kemacapidegase smildifattici boeaminaidihese aienhpipvides

highly a'kﬂb.%ut%%%ﬁé’fﬂ%ﬂ#ﬁ&@&é&?%ﬁ'ﬁ\@%@pﬂ@é% ”sﬁ# Le\ﬁﬁ qgo(?s &l ‘ free for

base at sufficient amounts to produce a final composition O alkalline p erab y an a a ine

pH of from&BYPs e ABshe i%f%n%) m%?wcaaﬂsafgewymtﬁaﬂaﬁew%swmh&'w%ptr@@g@wrag
% 5102) ofhar temptstines Wwétte prisokutb lBuch etalpimsitefieausilivaterods thsistai idatbite thddafisncabaidé

0,01% t0 3ROM{J K B%NY%M%S’J@LJSE‘%O&%‘;S%C.Ja% Gh8GN:<328u(Ed [IOMLEY Ete“?ﬂ&s

to about 2.0% by weight of at least one oxornetalate. Su F%!?ormuqatlons are cgj E%me
least one J@?%%Q‘?Bea‘maﬂ%&‘fﬁ‘s'\Rﬁfhafﬁé’mﬁf@téﬁf@m'efdh?%‘}ﬁ@ﬁo%ém% Y@Edﬁn@"’ﬂ"&‘ﬁ’"s
aqueous, dikatsed inmergelgdli@s]cs cleaning compositions. The amount of water is the balance

of the 100% by weight of the fOrmuIatiorgghmﬁwgpsm@r}q\/}fwﬁsﬁpentages mentioned in this
applicatlorthire percent by weight unless indicated otherwise and are based on the total

weight of tHe' YorffASEamsRCe YL D FIEniqr 15TR 38 BIHSIES Highysalrling | aqueer i omByieieds wtrpising (@)
semicondweter (Madtleat lostr atal dnéreinbeseaatisafficett anpena tior praiudh Gidindl taoapesition BirgkalteLipH,

contamingiieaitdRLkaRIdes fERrbie: PRBLRS. @%f f'i‘&ﬁal;mteb BW%&U{W bqrvﬂ?éﬁt g}'&&%’&‘as

provide erl,h%%:ed corrosion resistance and improved cleaning efficiency

DESCRIPTIESN &R PRIECIR VASTTFIESR WW&W&&EWB%ME@BEWW@BM&% 19ighaKy 10%
alkaline, aeyuesightofatinasiie methltttigEimgeagtictnact (E)irsamia) haateto fbyunp Esasy aeighnotdelkbast one

ion-free b%ﬁ&n@kﬁtéff'§h‘c‘ﬁ‘foﬁﬁﬂﬁwﬂ§a@o€ﬁ%ﬂié&%ﬁ Hnalsorawuaken R R NR B oRIRIBIAR dim
pH of abogtp%r%xg%gqgte tre]égjltﬁg (n an aqmaous alkaline microelectronics cleaning compositions. The amount of water
is the balance of the 100% by weight of the formulation or composition. All percentages mentioned in this
application are percent by weight unless indicated otherwise and are based on the total weight of the composition.
[0011] The cleaning compositions are placed in contact with a semiconductor wafer substrate for a time and at a
temperature sufficient to clean unwanted contaminants andfor residues from the substrate surface. The
compositions of this invention provide enhanced corrosion resistance and improved cleaning efficiency.
DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS
[0012] Highly alkaline, aqueous formulation of this invention comprise (a) water, (b) at least one metal ion-free base

at sufficient amounts to produce a final formulation of alkaline pH, preferably a pH of about 11 to about 13.4, (c) from



WO 2008/100377PCT/u82008/001103 about 0.01% to about 5% by weight (expressed as 3's
SiO4 of at leasyeneowaierrsoluble metal ion-free silicate corrosion inhibitode)Kausabqus
0.01% to about 10% by weight of at least one metal chelating agent, and (e) from more than 0
to about 2.8WtRANeigrRbYH g%léwﬁisme&t@ﬁwét@ﬁé’&es@rzéq&nbiﬁ@féanmv@tﬁf:mwuﬁ@@twmﬁqrnssincate
invention. Seiesidomibitatigsearatconolined Wil a6desshage el wsideneanatieniny Hagnt, and (o)
oxometalalgh B T HIABAR eI RESPE BRIARISS AL I e RIS R HEE kB s
resulting cleaning compositions. The fesuiting composfflons are placed in contact with a
microelect/®idlevieeNSRENAONE Sensrawingd My alvishst ensbratexide fiepdivarnith dhticaeraetalates of the

temperaturgnauilicientioreiepsioxmerBiRtRORIABAINA S AREAT Ke SiduRT Wesidh eordbsicAe The
surface. W%%&’fén %%:Prﬁ{o%ﬁféﬂg Qf&;l&%‘é’d“aﬂ%}{t'% SIS agueous formulations for combining with.
a peroxide for stfipping and cleaning semlcon(‘fuctor Warer SUlfaces of Contaminants &
residues vPPRRERSRNIUIRAGAS Eniemperkie syirent iaBRAmighaDisAKpHaminaiie andjerteasjdusa draor the
more metadunaeaartaases, one or more metal ion-tree skate corrosion inhibitors, one or more
metal chelating a: r mare oxametalates. [0014) Any.suitable base, may be.use
in the aqutf??t?g fo?fr%y a%?glr?g%ﬁﬁg rgar@%%ﬁ#' iral%?ﬂ%??ﬂ, ﬁg?rﬂ)safg}ecgnzﬁr'gnﬁrvg g?a??@xg ﬁnzg%rertﬁp r")'/g ang
ammoniuns'$REceRENduE I Hvaler Rufiesaniacamamienilel Achipaituss aish feieldieling sapiafowsierlpigherably
alkoxy-corvigininy aditylzet e, oRrveakynetdiontck basds GREXP MoK @i ith-Hae sabsid ralsemMibitors,

group). Thgn%gﬁeﬁégfa%}% i?f athecﬁg%n%lkaline matxeﬁju%li are tetramethyl ammonium hydroxide

. i )
and trimeth oxyethy ga monlu?ﬂer?w?cr?x?doe oellsne). Examples of other usable

quaternani@iimMMILviteRiRIPEsadeay icuserintiimentapas Jormyidiensyrbpyressahinyention Miyeibesdelere
trimethy/-Splejeskiany s aanammesnitinhipgrelioed deschr i etk Aamd iy Rid ki@ (RBIRIIME hydroxy- and

hydroxide; jriethy 1-2- I nj roxide. Inpropyl-2-hydroxyethyl ammaonium
hydmxide,aiﬁhﬁﬂ%éi‘i“!ﬁig’ﬁ@%%f&% B e AT 1 A AR e
ammoniunf"BFaRSKiefethan Sl (PawPo Rpe AN ASHIGR T iYedeR and trimethyl-2-hydroxyethyl
monometwauhymmthy&imanMﬁbTuﬁkmsm Mm?wh(?mmm mi}dfwhh’sljm_mhéetlrimethyl-&
tetrapropy OXi : nium hydroxide, manarrethyl-tri
R R T U R
am moniuﬁmwﬁid@ﬁdm@o&WYWWYﬁwmﬂﬁmﬁPﬁydﬁW; nidRRHAIHBYEMA nAmBeNIYm
hydroxide hgiraadiy tdtietigihgarunyeniu rmnyeioxis@ralige e tivdinsyl 2epmoyim dyebaxiceyaate,
the like angiaphuEnSIERl LR R RS RS RO S RS R N 9 ey
include ammonium hydroxide, organic amines particularly alkanclamines such as
2-aminoetAARBIUT. AHATREAS - [SHEPAPb RMMARAHH JSIRHER ApHE U (ST EPRRNG BIHEXSe riRBRthyHriethy
2-(2-aminaethydaming)etidenabn2mEarpiope thytwmino )ediylésn inshangh o dtkearmnehio Bydroxide,
strong organpi C iding,.1.3- iediamine.. . ' . ,
4-aminorn@ter@ﬁ?g%@gneglaa%g%gzﬁsn@ﬁ'og%%?g@é%@ﬁ%ﬂﬁawam?ﬁ%'d?(')g%er%?'swgli%%?omum
1,2-diamirfEQX drsindibylt smmere iRy SR ARd the Tkeard mixlesdbrgAle diamine and
hydroxylardinel. Akefibeseothdions foanbaiiire meskat inns b ditiac SAEHUMMIM hRiAGS dgMBayhines
also be ongiiién Duhatgafke elaieLbesannnale Pranhia iR e anRaten.

C
: . : 03
that could occur, Mixtures of these additional alkaline components, particularly ammonium

hydroxide AWRPPHRSYleiB7eah &ritiamiBee MR RSINaPAI s AR B AR RlathxiaEniaRs and dost ke rnd eppher
The metalsiomgfre@danise batebe frmplagedgiartidiecformistetiansiimag, ahevinbresiect $edarpdamide

a highly Wﬂngﬁﬂy%(i}é}%?Rﬁé\ﬁ%@&?&b%%ﬂp%&i@.kﬁﬁ!aﬁrﬂk&%&ﬁ&iﬂ%ﬁlﬁ@?ﬁ%lﬁﬁfﬂﬂﬁnﬂ@%@k{y@
pH of from about 11 to about 13.4: " ) ] . ) i ,
1,5-pentanediamine and hydroxylamine. Alkaline solutions containing metal ions such as sodium or potassium

may also be operative, but are not preferred because of the possible residual metal contamination that could
occur. Mixtures of these additional alkaline components, particularly ammonium hydroxide, with the
aforementioned tetraalkyl ammonium hydroxides are also useful.

(0016] The metal ion-free base will be employed in the formulations in an amount effective to provide a highly



[0017) Any suitable metal ion-free silicate may be used in the formulations of the present
invention. Thewgiicaigsoase;preferably quaternary ammonium silicates, suchcgsieiaalios
ammonium silicate (Including hydroxyand alkoxy-containing alkyl groups generally of from 1 to
4 carbon agsglireiprtiedhafiogl fomalitiory: garseaty aPHefiosahontfétamieutatal ion-free silicate
componenio P& SiMeIE MERP R Siieateme) BeLRMITR NG MIRIRIHNR-BiaRSHESIE iSRHIGES 7S
this |nvent|o|n may be erﬁzrated in-situ by dissolving any one or more of the follow

silicates are pr n'gﬁ

> folloy
materials i TRE highly SIRATINE SIRemhar %B\'@ﬁlﬁﬁtﬁﬁc“oﬁ—ﬁ%@'meﬁ'@ﬂ%g’rﬁ§@?ﬁ‘?ﬂﬁ@§%¢ﬁ’t’i?@'
silicates inatfeakpeneratainies sl sisaangralieetirasiiitio Acitbhotelboisialtestey) duatkexy gitigs. diheumgst

other suitapigefaiiennfiailinarosirbieactYeisl Atteartnemeihiaidiee ShicAlaivil RenrBReH
in the formstlEaage(gnolun an farr‘#?u%t g‘ m r%bOEt 0.01 to about 5%@%}4 weight, prefe%ehti‘l?y from about
0.01 to absut 298 {B518) TREHEPIRLIAGAS SR ATRIeH RS PInURALER 2Pt AR S aINGLILIRR olRng
suitable orfeatsfadrdherfiably cielatingeagjerfivtabdmteliseieenetenalsitgedl thegtoemingtionates in the
retain metalgair SRIIRNSAEA IRrRhaRE ICHISES WHANG N SIRN G tRFiHE S ML Bk Sicon or
substrate. ;'F%Qical examples of metal chelating agents uselul for this purpose are the following
organic amds and their isomers and salts: (ethylenedinitrilcntetraacetic acid (EDTA),

butylenediffiflettitieastentcmstationyetotiextandl bepdianhin teetvaztatitic ineinl @yd Tiéd, about 0.01 to
diethylenetpamsne it prikG B4 fotPisdibr o giylgpgiliaminetetrapropionic acid,

(hydroxye thytenediaminetrjacetic acid (HEDTA), . ,
N,N,NI,NI- ﬁ%ﬁe%%%"rmr?é% r‘gé}rﬁ@tr Y gﬁ@'ﬁﬂéﬁﬁﬁoﬁ%i"ﬁ@f&'ﬁ&WW?PE one or more metal chelating
triethylenef@trénfiinsrrasetie sapagivyidf (TeTfpiAylation to retain metals in solution and to enhance the dissolution of
113-diarninealidieitasy B diafanNbbiale, NiyIRHIARGRSIE BEMLEPIREATIAY agpRtlim BPHiasFtise are
acid, prop){rlgn%g(i)%mingrteatrggx%gﬁsacgrgd q}‘ter.olotriacetic gcid %I:ITA% Icitr(ijc: ,aiid, tartaric aci
gluconic acid, saccharic acid, ghycetic acid, SRANC adid, St af RN YRRRIRPARReRC RS GIERTA).
acid, malopiityleneienaibetetraeselicaaife priobaxane i diemietejakbstiaeitt (SuBTH). gisthatenctigmingativaacetic
8hydr0quaHiao_kiDHEﬂndétb&fﬁ?éﬂi@nﬂ%@f&]&rdﬁ@f@réé‘éré._aw&exvefﬁ;ﬁétﬁaa@aié}gr%%é&r& a&?\ﬂ t(HlEDTA),
aminocar ic.acids such as cyclohexane-1.2- diarnine eti¢ ac . Metal |
chelating t;&)'ﬁeﬁfﬁ %ﬁﬁﬁnsec' g’s"éeﬁeg%g %‘ﬁ?& e g‘/“?or%dg ﬁmﬁmlﬁmgﬁ §PRefgRagetic  acid
typically fdlifftfbn mttiaminreshadiexvrmsaactiNbiretastivg " ant adBHRIA) thenpivirsniatiatetis class
of metal cheiglingiagrettixpiealls] ATbIIRL Q0B D) Rk iMaaly b2, WiNeh BRI M emiRScid,

performan&&g{ctg%g%gposi%on%)af.the invention,. 1002 ]F‘Qt lﬁast ne m_%al chelating agent

. . lat !
will be present in the Tormalation P in DRSS TRNE D ARG L4085y e Rt acid.

preferably FHesli?edflbsasirrsepyastae, BY(PMUMQFPW‘{'@UEZ)"‘AW@MabIe oxometalate of the
transition (0&E|sAraencdrasipse ViRt dbrfif RAEOEE ahntkii)yiRe KMPIaeda thdohexane-1,2-
formulatio s inyenti 0 etalate component may comprise ope or more
oxometala e o ) IR SRR T 5 G5 B At et
heteropoly AT Bsigisctarallydound anfeptalitings #ntviss afterrplasapirssing tHisadsitonttbnnkesiprisie
oxornetalates of metlybelging Byeibaypibangaiage OAL prsaphb{3Ely ATORIIMNERLS Gy BERdHRENE &)

or tantaluqﬂe(g'oq)po'gif%sogfwﬁ@‘%ﬁ will be present in the formulation in an amount of mom than
0 to about 2%, preferably in'an amount from about 0.01 to 2% by weight. WO

2008/1003P#BC M 152sbefmamsie! tesininmamspiaviltmpesers i derainn in eraaesstifmeheut e
of the fornabdat M) aight \whareblyicaedhightasitasiarosetsgatpdransition metals such as Cr,
V. Mo, VVioddhy 90 SR80 eni9ia:6\'HE RARGE NEAOMAISSION VR PS! RSISUECERAMA b

balancing counter-ions are protons, leb-aa %/ ammonium, and ammonium cations.

such as s6URMEFOMBE RIS didsoputiave, Bt HREeidp rerepraenhBRA FoBRIE B IS TRk
residual mstak it selewiofnti atoactiltb #Ceudmetaese ko RIBnafici Ao alRS | niNRIASHIgHaAEar
oxemetalafe i Qe XD Bﬁ%ﬁ&kkh‘h}%'\‘}%%‘&a}%@ses? e GERREG ARBRENG FOHHS AR,

and Mo0O4- is the oxometalate.
tungsten (W), vanadium (V), niobium (Nb), chromium (Cr) or tantalum (Ta). The oxometalate will be present in the

formulation in an amount of more than 0 to about 2%, preferably in an amount from about 0.01 to 2% by weight.



10024) Suitable hornopolynuclear oxometalates include those of the formula [MaOprZ where

M are high oxigasieqgigéerearly transition metals such as Cr, V. I'410, W, MbranrgdedgoadidsZ is
a charge balancing counter-ion,. These are formed from the mononuclear oxometalas by

condensati@Peite e, ropusieanammaiides inehptchas A MYE BQ.BAMBhalatd 4 high oxidation
E}Nk14)6l|\ﬂcma|84awmrenrdﬂrlfeiast£é@rgﬁg% %!&V}N?l&r@q%ﬁﬂfzi@@ MRMEGIAS Qg&ﬁtﬁhi@n. Thenos
omopolynucle ometalate. Suitable heteropolynuclear oxonietalates include those e
formurm D KT e B S A R o T A AR W eI M o
Mo, W, NbSUsR@STCIUR 9§ RetAsstercgcfotPREraiuG bié ehinel reeleasishienyan et flecnossibiaiesiguauypetal
ﬁlement ?Mnﬁdﬁw&i@hﬁ@%ﬂﬁ'@@@iﬂ%@%@%ﬁ%& Qdﬂ%%@i@ﬁl@'rﬂoﬂ@rﬂcﬁdﬂgk?ﬁeta]ate is, for example,
eteropoly 0 ate,is | where kir e charge balancing counter ion,
Siis the he%%@oﬁﬁ@, gerrll@"\ﬁ ‘.’éet‘r%‘é' ezﬁ%;% ?Qﬂg?ﬂgﬁf'}%“e naqllﬁ)fwf)&g@i O?H'ge%%%‘ulations of this
invention nifA%AtoRvitRo preRalyvelpad RxpTS @itasaneludetthrsenafubedfamule i eBblid edereMrase high
::Leaning C@Wﬁmiﬂ?@,esﬂﬂhﬁsﬂliéﬁhﬁ?&mff&?sﬂﬂ mmNVSN!}?ﬁW@amma\ﬁh@?bgmgr@camﬁem"
ike. 10026 it xornetalates for the formulations of this jnvention include, but are not
e to, AT O G BB R SR O g
acid (H2WDORRlysisai araMelaleiaia it ko Cea ihara Y3 thshatsn aten¢iegrewnteradiaaddvos Ox is the
gmﬁfiimmblyam&amm m@é@%@&&g&%ﬁﬂ)&dﬂ%ﬂ&@mﬁm) ' Vlsﬂﬁ@gdm@immop]n.
- tetramethylammpnium.decavanadate 3), .
tetramethy%@nﬁ:ﬁgﬁéﬁh@@gr%g ﬁ? f(WA%ﬁb%ﬁ%li Sﬁ?n?ﬁo%fidf%i%m%‘?? 5&435&?563’3{"
ammoniunBH3e S8 SRS IGasEiTmSieb e N EPOHeUPSIRms Il AL A dse RIABRASIRVGZDpA)ter-ion. One
phosphotuegsiiie aciutbkIEWMbb2R3EapheRBRRRBINIMG O dHErEIR MBEHAR) tllirary edyielien,
acid (H4Si§|$i%gﬂ er@ﬁmo ﬁ&)g{ﬁgﬁg?&%gﬁs&h%ﬁa ﬂ:IRM V0)lc.2-40,. [0027] Example
i 10 u

of preferred formulations of this inven Include, but are not limited to, formulations that

comprise 2994y tfarioetuptians rabiiisninyeptinesmae, conbimsrisnal nnstedjeain heinire rnellicamiul to the

0.12% trarefietenesecdoineseatd asmnsital areliGonrsiehHé) duffsmn@bREit BhterBiPER0d0 and the
ammonium, molybdate or silicotungstic acid and the balance water to 100%, [0028] The

afore-described formulations will be combined with at least one peroxide in a ratio of said

formulatiof??85heryiatie romstapise{es therlomyiatinna of thip ivratiamigckidetist arermsihiimigd eoasmanium
and most etz yNatt)MeDE0 Diraidilikotymkide &(NMHOIR CIRgHIE £1e A0S AMPasIOMGtaffidate
suitable p K@q@qt IS.I ' ' alates of the afore-descri formulations so
asto form?pe?oxdra}g@ elll{@gr% rﬁé?%%ﬁﬁ@gﬁé %Slzf }taag]rgoggrpor)r(\%@én séﬁgm%l?%%ﬁdpae%‘gw&
peroxyacidérayegsiae (i isRespRiretidrmmnimy despvenarae FMAltr oGl detamelRagpnium
phthalimiddgserobateai(ThA)NIAOREroxy@oRie agichimad-1A0%),PEHXYaenaMim agibsphomolybdate
diperoxyp i 2 37/F 00Q8/0 ' d salts t i and alkyl = .
peroxides@ﬂ?‘ksgsx\é@ﬂz%%?@é%%%dzgdmne&t%ylé&%gh e@co%g;e,ﬁ*d?ﬁr%ﬁ “?'p%hr%sﬁﬁgé.olybd'c .

tert-butylc{RM S eadeemeihdis o FadiMaetimiaadi adhpdornatonherenaigs (HsPMoVz0uw).

[0027] Example of preferred formulations of this invention include, but are not limited to, formulations that
comprise 2.1% tetramethylammonium hydroxide, 0.14% tetramethylammonium silicate, 0.12% trans-1,2-
cyclohexanediamine tetraacetic acid, and from about 0.01 to about 2% ammonium molybdate-or silicotungstic
acid and the balance water to 100%.

[0028] The afore-described formulations will be combined with at least one peroxide in a ratio of said formulation
to peroxide from about 5:1 to about 40:1, preferably a ratio of from 15:1 to 30:1, and most preferably at a ratio of
20:1 to provide microelectronic cleaning compositions. Any suitable peroxide that is reactive with the
oxometalates of the afore-described formulations so as to form peroxometalates may be employed. Suitable
peroxides include hydrogen peroxide; peroxyacids such as peroxydiphosphoric acid (HsP20s), peroxydisulfuric
acid (HsS20g), phthalimidoperoxycaproic acid, peroxyacetic acid (C2HsO3), peroxybenzoic acid, diperoxyphthalic



[0029] The enhanced cleaning efficiency is believed to be a result of the activation of peroxide

by these oxomgiglajgsnasetes. in basic solution, oxometalates (Metal = WwcevlodbooNBY.
and Tay) react with peroxides to form inorganic peroxometalates. These peroxometalates

may enhant®l chediatt tsrerfoanrhglsy! Paratides rustbAs SRIFAME Serxidentistsetty geinasarercsidey|dicumy!
oxygen, a higtdie eaicsivcimgipabme dze biiatds Rrelienofieydeaabiban hydrogen peroxide. Its
believed th is singlet may mprove resid xidation, and therefore improyv.
dissolution @#t%e ?égsidﬁfé,‘?ggf%%" é%tfg?%lg 'glrggé Vse(()%l Eonog(\e/vﬁ osqteOfe |ciaecrqlI aél)gl a?i/nég{)esro ('9? Rk these
oxidation oP*SfigiAfesnsyeselbbasiesoinfios expagianien dtriay WhYiehREnCeNsXiearsits) eael withaerokides
of carbon ba?ﬁ\resi@hmwpe?&&&@_ &@Caﬂlﬁ@@fpélhﬂoﬂﬁﬁ%@h??ﬁw@mﬂ;fc&@léﬁﬂd:tiﬁ!gwo ways. First,
peroxomet r e combined solution, the lifetime of these sqlutions is .
Ganerally T8 e R B b e S b e osten
preferred fRMOIAGEAR BIYEeadyis brigrrd 2 Wribtingiaheaiaen oG TesidisIgxdation avhberaixigprove
with hydrogesopgroxitie 62034) Perexoridialatek] B QR OlisNARYSHA difiebneta R BERc DM HIsH SRS by
ammonium bdate 45 minutes (0.01% ammonium molybdate) at.25. In the case of
the preferrg%érému ét%ﬁl%g E)cg\{%nr\gypﬁ['\ %%"{?%'8? %rgn %’g‘é?,g%?ﬂngsgége%{%ﬁ the lifetime of.
the cleanin§%@ImBessirsirbe drsprPagiion widhedeulingtrereioniiejater geee Athth ip e prieinereition, the
peroxide (Jfthjeisf e sonbge!is eibrae Bl MBaLee sn(B8ecaitaatomgstish asiehaney perisofibise,

silicotungstj ' t lor ch measurement of Al etch rate chan or the
Cloaning oo o BRI SRl AT e B SUIGH O RS 55 PRIV [
silicotungsA¥ RS 3 Wnkeismxdierirs Hetimobroresner aiades £308MAWIT0 MAkhdaepe dpripees
a bath O:ife w.mmw&?mum,dmwbﬂa@)@mpomiti@rﬁmmrb@ré@asdimdtby amufhrg@plwimmm?mms
peroxide. ' 0sifj in.a.dr ' crease in the lifeti

Composiion R o e R W TR Conbbl RENE R Rl MESLER
for the senfHRIERRYOX 0TI rBIGRiIBNEs6 halwres 48 it iRl nastinesial aniEF e G Atdosligetyngstic
surface aftetidybast emiheldaintiahRorpieasaemal YD OIRIH Mt Liarges 85 tee deaiglb@asition comprising
COMPOSitiogs el teshG Tt 39 p)égg%}@é['ﬁ@%]Hn??t(%ﬁ!gdrs(ﬂ@o@gs%rga a?ﬁic}r‘%& ﬁhfg‘?}rnﬂx%g%}ﬁ’ S

and TEOS wafers in ammonium rng ate and silicolungstate con | preterre
formulatiorfE"845a%e imp ROoeD HisRersdrp dablferelinvith Ny dHb e SopBesian sopts Jeastialprby
for 1 mm. ispibrgwatidydage phrgkiig. iHeAtngud thds: osnpbstieterabsat wichamicdiyrekthetwatktine of these
surfaces. Tcgﬁbmggsests that these metal anions can easily be rinsed from wafer surfaces and
transition metal contamination should not be a problem with these formulations. [0032]
Etching rat8®Yr Hoa,Mhe censabeliisig ercrrilatnschtibreaRaiing cauprelion: forsthe SaTIFARRIGHIand
ired formulaitenspofifsiriagistie [RedNiieivitials wasrateedieOtidty difep esupenoXitlethbBsorption of
dilution rati A Eor i r ' r '

'fﬂof?f)o%ﬂuﬂl dnf? ufr‘sq&éf?%rﬁ%sé‘ &%Usﬁllo&% u ?é%?.ﬂ Y}éﬁ% Rb%mﬁg gﬁé&qe‘?d%?r%?ﬁ%%mscopy).

oxometalate (control formulation = water, 2.1% letramethylaminoni 0. .

tetramethyf IR FFERATHY ARWEE R 1olor Ranmanvmyeibris anstitalmnistearaiaipingierelered faqputations
te_sted pr_efef_ryard;tak&aoﬂm mp@iﬂnmmwmtawi@rsﬂaﬁmhmgMpmi@ for ‘ammmnilmtemmig/h@lmm
did not SigRHiANY%RAE Blerldd ﬁ:f‘%ﬁ%iﬁa‘mﬁﬁé&%%@%g@&ﬁh@ & ﬁaatsﬂﬂoﬁeﬁalh%i? Be

but W etch rates were approximately one half of those obtained with the Control formulation.
WO 20081168 PP SE3SsAB BE Y Msteetennaioneous aatbradobemrih dhesedpappiatons.
formulatiori@ﬂl@] WmMpaddwrﬂ@%ohmhimQ\emfpbmmidmim agratim:asﬁrﬁd):ét BEre tethtdd preferred
both Al m%h&%ﬁs%%(éﬁ%pﬁﬁ@ﬁ%mw%sQQ&U PR Rk ARG ARIAIRA WA For

used. In the case of the tested Al metal lines, the Control formulation could onlly remove all the
residue aftSIM8345R3: atcontml formulation was prepared without any oxometalate (control formulat

ion = water, 2.1%
tetramethylammonium hydroxide, 0.14% tetramethylammonium silicate, 0.12% trans-1,2-cyclohexanediamine
tetraacetic acid. All tested preferred cleaning compositions containing silicotungstic acid or ammonium molybdate
did not significantly reduce Al, Ti, and TEOS etch rates comparable to the Control formulation but W etch rates were
approximately one half of those obtained with the Control formulation.



C, but galvanic corrosion was always observed, even after 5 ruin, at 25 C. For both preferred
formulations, andvaoeeticostercrease in galvanic corrosion was observed conweares2t0dbe 103
control formulation, and residue removal was accomplished at a reduced temperature and
treatment tH1e>] FS1eARBSATERFiSE o St Pealsts LIOTURARR R SRR AR oM SR YRR F P derAlcasiatio
metal lines a&té wiedentad withtwAl oetadbEsranit ves. itte as@ir tia CaitdSdanyliton theapgeier m@d2) was
formulation gRniaiRingss e RAESAGRGIHS: ﬁﬁg@oMfMﬁﬂom&ﬁd%ﬂlﬂrﬁ%@egﬂ [5%‘%?&]&( a(ﬁle[e[lgrr}\?nq at

in 2 min, at 25 C, with almost no corrosion observed. In the case of the teste vies, the

Control forfful&tRShoRKANG LIPS HES G/ PRSERP SR dehinmia o2 TC\ e beb orgfsaydomyiafons, a
peroxide radiemeficigeteaseegpredienadsior was latisemeditimsiteded g stimidatoalioymed e @ Righarwas
ratio of forrpulatifmd® £ 9 %adNAr RABE RS Qﬁ&qﬁeﬁghﬁrﬁ& %ﬂ{ﬁ@@é@é&%@dﬁﬁbﬁﬁu@%ﬁ%ﬁg ammonium

corrosion ob% rved with the Control formulation. Cleaning could | one In this case’in as

little as 2 n{m,%ﬁé@‘. thE%5A TR, inse Mere FRasrtie corsrieniiardie 2o rakg ' SicErehrimlemed
acid and ammuiﬂimmntainlyﬁ)damJMpw (36} Wrednetal iossi ol taibitiplateln b aledin i @ie Hi QB ITC yith
over the CopsaniisiiatinRe S bR &W&t&&'ﬂ%&‘?lﬂﬁ&ﬂr&ﬁ&ﬁﬁﬁﬁ&dS&Hrﬂ—gegﬂ)ﬁé@ig%fas e

relative to the controé formulation.. [0035] While the invention has been described herein with
reference t&th8'SFLEHC SR SYIRIFRerBde i 9 204 p Jhe dislerted fioapiplian itk siicotungstic acid
modificatiosllewed forer faghenstioahfisulzian @ 20ihiydtogeperding BhMmtdibe spiritiboad tscnpeaak td@osion
inventive congrel diepeesAermludceRsrinalidbiintarriechio P iage Alleydhhanges,

|

modificatio d Yariations that fall with the spirit and scope of the appended claims. . An
alkaline, acﬂ? us TSR 5 PRI g HoBTHIR S P S BIg o3PSt 26 g M meiebriate display
device, theimoravedietfosioo mhifiiis iang:cleeningaeibeie(ty) aaer/he SomnKomekaibio e tbthsesed, sufbieienth

amounts tQapOMIGRRfPAhR N AR ke B AAlaline pH (c) from about 0,01% to about
5% by weiﬁﬂgérxweiasﬁfed as % Si02) of at least one water-soluble metal ion-free silicate
ibftor; (d)

corrosion i FOmPARB MR eRrvAeRs R eI 55 aRTE IR 1B? sheflisambpdinenisereot, it wil
chelating akgeanpresiated &afrbangesoredification an adratinn? @¥bdmateightud iepattrstoortse spirit and scope

oxometalaig @ fvRe\EAEN feresdng:in AlaitRidg/ResGiRIhe PRS2 Ate.in aRgxomaialais,
of a metal sEefJected fr olybdenum (fylog, tungsten (W), vanadium (V), niobium (Nb),
chromium { r)’agﬁtm%%%@ﬁ%gﬁ SRR RA9ET: igﬁ%[’eﬁ RETS claim 2 wherein the
oxornetalate is selected from mononuclear oxornetalates, hornopolynuclear oxometalates and
heteropolynuclear oxometalates. 4. A formulation according to claim 2 wherein the alkaline pH
of the formulation is from about pH 11 to about 13,4, 5. A formulation according to claim 2

wherein the metal ion-free base is an ammonium hydroxide, the metal ion-free silicate is a
guaternary ammonium silicate, and the metal chelating agent is an aminocarboxylic acid,



6. A formulation according to claim 5 wherein the oxometalate is selected from ammonium
molybdate ((NH4)2Mo04), ammonium tungstate ((NH4)2WO04), tungstic acid (H2W04),
ammonium metavanadate (NR4V03), ammonium heptamolydbate ((NH4)611:107024),
ammonium metatungstate ((NR061-42W,2040),
ammoniumparatungstate((Nt14)101-12W12042),tetramethylammoniumdecavanadate
((TMA)4IQW1%028), tetramethylammoniurn decanrobate ((TMA)6Nb10028). ammonium
dichromate ((N1-14)2Cr207), ammonium phosphomolybdate (NH4)3PM012040,
silicotungstiaaaia(in} 2RO M uptos i etumgsts aichchErb3i¥\220ddning hospheladtyhbididevice,
acid (H3PMWQMB§HFW&@$C(QF%@4§)MQ%M mmm@%e%ﬁ%ma@nhmms to
(HSP“AOtOVZOéBc) L?nq']’]?rm l?lcgt(‘)orh %%c\:/%é?mrg tﬁ% lalm V\i rem out tﬁl‘i{? Po attggq g%%&ﬂelght

tetramethylammonl foxide. the metal ion-ree Silicate 1s tetrramethylammonium’ sif

the metal ch@fﬁﬂﬁfﬁ@g’éﬂf’ iS! %H&ai'?MBN’@%ﬁ@HHﬁW‘?@@?&(%&WﬂE‘E?W?ﬁ'&’ll‘fg“b'wr (d) from
oxometalatealwgiedéditedofebrviatfnbniveightal i ghidastonn dnsiibeteintngiacacicens () fformrodegithan 0
according tackaisot 2.cwpplisiog & dCkdatoag@ibikaamameonium hydroxide, 0.14%
tetramethylarnmonium silicate, 012% trans-1,2-cyclohexanediamine tetraacetic acid, and from
about O. (%1 tR ?bout 2% of th oxometalqte and tpe balangel‘ayvater to 1009 Oia%” t?y gps 3ecte g

rmalatlon according to claim H’her he oxometalate is.an oxometa
formulation accor ng to claim Whereln t omet ate IS amnion um mo

silicotungstié RN PIeR T, Mk ﬁ@%&ﬂsvér@&mﬁd\eomm)f@Eﬂ'@mﬁﬁ’ba“d tantalum (Ta).

microelectronic device, the cleaning composition comprising the formulation according to any
of claimsz1, A ofofmadivixeskysidingt I8a8hANS PRAGKME i addiafdiaeifosnsdaiiofrdm PREASIIRIcar
from about BbiRARa. AR asrcln BRAIIeaR! ANEASiRIdEPEACNaANT he

oxornetalate to form a peroxometa ate 11. An alkaline, aqueous cleaning composition
according to claim 10 wherein the at least one peroxide comprises hydrogen peroxide. 12, A
process for &lé&ariviglien aeapringriescirimes mrseirdne alkalbroribettba ferauiriiaie tampestngd 11 to
contacting theomics@electronic substrate with a cleaning composition of claim 10 for a time and
temperature sufficient to remove the contaminants or residue,

5. A formulation according to claim 2 wherein the metal ion-free base is an ammonium hydroxide, the
metal ion-free silicate is a quaternary ammonium silicate, and the metal chelating agent is an

aminocarboxylic acid.

6. A formulation according to claim § wherein the oxometalate is selected from ammonium molybdate
((NH4):M00,), ammonium tungstate ((NH,;),WOQ,), tungstic acid (H,WO,), ammonium metavanadate
(NH4VO3), ammonium heptamolydbate ((NH4)sM07024), ammonium metatungstate ((NH4)sH2W120.40),
ammonium paratungstate ((NH4)10H2W12042), tetramethylammonium decavanadate
((TMA)4H2V0025), tetramethylammonium decaniobate ((TMA)sNb1cO2), ammonium dichromate
((NH):Cr,07), ammonium phosphomolybdate ((NH4)sPMo042040, silicotungstic acid (H4SiW;2040),
phosphotungstic acid (HsPW;204), phosphomolybdic acid (H3PMo042040). silicomolybdic acid
(H4SiM012040), and molybdovanadaphosphates (HsPMo16V2040)

7. A formulation according to claim 6 wherein the metal ion-free base is tetramethylammonium
hydroxide, the metal ion-free silicate is tetramethylammonium silicate, the metal chelating agent is
trans-1,2-cyclohexanediamine tetraacetic acid, and the oxometalate is selected from ammonium

molybdate and silicotungstic acid.



8.

10.

11.

12.

A formulation according to claim 7 comprising 2.1% tetramethylammonium hydroxide, 0.14%
tetramethylammonium silicate, 0.12% trans-1,2-cyclohexanediamine tetraacetic acid, and from about
0.01 to about 2% of the oxometalate, and the balance water to 100%, all by weight

A formulation according to claim 8 wherein the oxometalate is ammonium molybdate, or silicotungstic

acid.

An alkaline, aqueous cleaning composition for cleaning a microelectronic device, the cleaning

_composition comprising the formulation according to any of claims 1, 2 or 7 admixed with at least one

peroxide in a ratio of the formulation to peroxide from about 5:1 to about 40:1 and wherein the at least

one peroxide is reactive with the oxometalate to form a peroxometalate.

An alkaline, aqueous cleaning composition according to claim 10 wherein the at least one peroxide

comprises hydrogen peroxide.

A process for cleaning contaminants or residue from a microelectronic substrate comprising
contacting the microelectronic substrate with a cleaning composition of claim 10 for a time and

temperature sufficient to remove the contaminants or residue.

10



