PEROXI DE ACTI VATED OXOVETALATE BASED FORMULATI ONS FOR
REMOVAL OF ETCH RESI DUE FI ELD OF THE | NVENTI ON [ 0001]
waheos/10039ENt i Oon rel ates to conpositions usef ul PEDUS2008/001103

renovi ng etch residue from m croel ectronic devices,

whi ch conposi tion provi des good corrosion resistance

and i npr ove#rek@RACTVATED bﬁbﬁ@ﬁ&tmt BaBE EORMULATIONRE

i nvention provides aqueous, I ne

oxonet al at e fornul atf WAL\&TQQHWS@@EOH de t hat

are especial l'y useful g bl MEGRRIRRLroni cs industry

and especially effective In renoving etch residue from
[0001] rRhis ingerttiencreleien focomprsions aedisd fdn eemowg; atabtresidué frone micealectronic devices, which
composﬁ’én ﬁrowd-glg'?g $éo§t{3§%nﬁfég?térﬁ:g pgercglgg ﬁ@g’i{gﬁ@"g éyeﬁlg &Bicﬂ% the invention
prowdessaqoéouemlgplgasalkallne) nmmeﬁk@KWaMBs a€Dvatddebyl Pubdiitiel theiNarg 8POEAIly useful in the

g o B s S M S v o

metal Ilnes arrde/tas c e itventioh @lsel grevidee thethbd fetidldanih@teR micAbk&fonit Bstrates and devices
| i mge transfer has been achi eved, an etching

emp oylrigrsa@ecggpqsgfo sed to formthe desired structures. The

nost conmon st ruct ur gaCKGROMD TOTHENNSENYRON ar e et al
nd vias. The metal lines are used to form

lines
(0002 i chtagrd aof ESTRERICTIo RETCRIoN BT Al Ahelgesigialotignsdar ap image from a mask
or retlclé tBtttfégfeﬁeG@lrc@It gt hitdr RRtdediled ihdge kriiRfePRIE®edPRbib AL 4 én%hmg process is
The vias are holes that are etched through
used to éﬁ"@ Ff@cdﬁ'ﬁed; Suglyes s Thanmost eanesmonisirugtuses formechinghic waichie metadines and vias.
The memﬁ'\é’é are U436 SEoRT 8ec%§9%ﬁn@ctfm*t%tm?eleﬁ%tn hs 8‘?1%%8% rated Gircuit that lie in
bet ween different vertica ayers o e I ntegr
the same jfabeigation, lay&r. h Aheo\dasrare betesathatiaregeiehad thr@gfgéeleqtral Iayprswecbhterrﬁlled with a
o] f %
conduchfz&b%e%{ Zﬁe@er t Hs;eﬁg% Dieke eBEtf@gggonH&L%é t%{vklﬁ? 8@5} t \)teﬁ%rl layers of the
integrated|gisculi.u A lalogen tchrdainitgcgas rswnmlly wsed irbtee premseedsddyoréortnrmg metal lines and
chem cal stripper solution or by an oxygen plasnma
ashi ng process. The problemis that these etching
[0003] piterdkesatehing mrooebs thes beeglabmypldtets the btk ef theeghaloresistayibeirengpved by either a
e i3St 1y ST e, SR SRR S P oesses
producerm;hm insotbie anettdl-otaingg i rekitiss Saemax hdlibe aemaedl b;mdram@verremmal stripper
sound 4, LSt ST B3 2k RS RS Sl cen e
difficult Etr@rhovan;ﬁhrtlcﬁfﬁﬂyaﬁl&he%% BflBuMinubEI@OIRESHEE® Eircuits.  See, "Managing Etch and
Imolant nterntlods;I ust 997{ Bges 56-63. [0004] An
mplant Besidie,| s EltE’H“t%\r atigpal iyugHst 19P 6 Paees 98-8t he pat t er ni ng

[0004] G\f\ e@rﬁp@ of kidReR eRRin@Protedé BAcAdaREMiIRG 6Ttk fineb Bn biMinfegrated circuit. In this
a photoresist coating is applied over a netal

process (3 H’Wofeﬁ'étﬁo?twwe%wteﬁ Ui TR S RengaGea il a s or e to selectively

expose & BAtREHLih e 'FM OtEIEIRP SEUIRYy. pl% tc@d”tlﬁ‘gi ?s'ﬂeJeB? ed D MR ESithel cﬁ(posed or unexposed
coat | ng he coati ng deve 0 renove eit

photoresisi; Jereadingn tbm@&%@é*@ophﬁw@@%w&@; @ld Jprodegseriiptargsision theenetal patter. The
remamlnb ‘bﬂ&oré’é‘mt ‘shﬁuéﬂ;ﬂﬁér@ﬁﬁéé] §tth|dﬁ5t§rgperaﬂﬁéjtoff_%e E"Q&veﬂts and optionally to cross-link

hotoresi st oh th tern renal n
the PO'YE?P(om@S%sT@t actugl m@@l &tchipg htap - therkeedforaed. hiT b elclmnqaaeratemows metal not

covered b pHoBRERNENrSh YR 4k fon BN ga0Rul FRRa! Beh&aldh SRR mefaltKansters the patier from

the photoresist layer to the metal layer. The remaining photoresist is then removed ("stripped") with an organic

vias.

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



the polymer matrix. The actual netal etching step is
then perfornmed. This etching step renoves netal not
weowsneld7by phot oresi st through the action of BCTHES®08/801103
pl asma. Renpval of such netal transfers the pattern
alkaline fsm@nﬁr sdiopsh isesr insoluble niede) exides gind htéerneqta}cboritmrre5|dulae on the integrated
circuit. T €M Ni ng photoresist is then removed ("stripped”)
with an organic stripper solution or with an oxygen
[0005] mnetbereexargm 10ty sysh coedahing . profess iadiie patierping ot dias (antersonoédt @vles) on an

mtegratJd cw!:uﬂw?n thggl)lro%esrslbaSho&g(wgflc:ogtmgt%éop &g o esﬂ%&ﬁl%ﬁ:f: dlm tb%ymaged through a

mask orcelmtedmtsélgctnwlyaexbc&b Iaepattawsinalhd ghaﬂoieaktlclﬂmgit TheDqoating is developed to remove

civer ofiBedl S URinarH G oIRST GERERTIgnoH e (i e PBRPTENS ity and produce 2

photores[:s@&ﬂﬁﬁé méanjaiie. B‘Péaé'ﬂiﬁlrmg hotéreiid isBuay K- Medga”tﬂi@ﬁe&per&ure to remove

erni ng of vias (interconnect holes)
solventslafﬁ g@pr@ilkta crossrlink the polyrper fmafrix Tbe grdyabdieleclic ﬁﬁ@@qﬁ@ge tgen performed. This

etching ﬁé{ﬁr@inﬁ\ﬂs diSlegtiiHot QNerByY 8 ph@toﬁiklﬁ'trﬁ&bﬁ the af:tloh 81 4 §xR8bul PRERA Removal of
through a mask or reticle to sel éctively expose a

such lelegiiy GmRfer hetPRkerp Fr B Blosesistiaiat o g ClelRiGe levsat Tegemaining pholoresistis

then ren%@éﬁql'sﬁiﬁﬁéé h Er%ﬁﬁﬁfé sﬁ?pﬁeﬁ%lutﬁﬁ(&%ﬁgn 8{ygéﬁ&%§fﬂﬁ§§ﬁ rocedure Typically,
phot oreSISt dependi ng on the tone o oto?g

the dielegigietg etchgscto prp@alu@ereéhepmftrbslnga@etsltlayerns emseﬁef\atamprapt téarwm nitride anti-
T

reflectiv A@ﬁu@é@ﬁ%@b%ﬂb&%?iy@'&ﬁ@ r;?%Is/een't gtot gtltalédYeéeE p@?&gﬁ ol fﬁs;bc%ugdary layer is

usually efehed dwdugnie expose the lupdedyingmeetali i hasTheen mnduaat t@i agliop of etching through the

titanium % tﬁgH\l/Jggmtﬂaeq% ?augelg?{%gl c{) b\% éﬁ%%t)rst-gmn 0 tﬁ eS| Sead@%s%grw&%mmde of the

via. Oxmhreplawtalaemngamdaesgb&se oia sesidLiessmaking ﬁanmmaldlfﬁmﬁlt Bueniiove. A titanium residue

removal denﬁz!ngl gi abe%h@h%ﬂierejér? Ibt h%F(%alt ttl(?er ik o%&ﬁ}on%gglg rth%scléamg of these

| ayer
residuesp h}ae e bf TitanidnhOxider GBIV adTn(anlem Nitrfdp @ad’ Reduttiol ofaia Contact Resistance

. rgani e str ,er on or h n X n pla _
using PR asit sty et oy S B P o B o rdted HBRang he ashig
proceduteds afteﬁ%IIBWed\M?Qf isihdiStepinataistsyd R@id 'mfafﬂb sthigbéegolutién. However, the stripper

or titaniumnjitride antireflective

50'“t'°"%flﬁfa?t¥/fame taaﬂ¥ pkging SlReer saltionsiequg| insplublp geiehpxidep apdh gther metal

contalnlri'gerfeélhl/egiloﬁ'tﬁeCInfegl@te@QMdarT}ﬁere-Qf’é %nﬁoMﬁ@ﬁ\}lémlﬂe&ié%d dtfppers and post-ash
usual ly etched through to expose the underlying netal.

residue nofes Oy RAKE HH7tinaYR A1Moh RIG=Bic S9MGM cBTerbthehiigare it g gifecive on ot

resnduestfb'lﬁnd il iaB ot SHTh&U-likest Pty WD Riglifel sy idMRfatufeAt ey botcd}nIghar) in order
be incorporated into the etching residues ?orne

to clean mngsaéedeomtﬂWev'ama@ metglyispsn pl asma ashi ng oxi di zes t hese
[0006][ thé‘ ubeE St AARR éiﬂ%ﬁérQGn Hl;‘?darmrcﬁwtéild r&;f rh&éllﬂmst r%s n%mwéays pfdduced quality
titaniumresi due renoval enhancing age
circuits, paréiquiatowhen eedawiit sptal Hms h@taymguqu\umsno wa;noumnbmatenm@laéoys of active
it 165 hABUIP i N6t BB (R O Rty s o
of metalgforragion, €00 8% carroserswhiskanscgalvakic cagrosionVpitting, mofehiags ofemetal lines, have been
er," .
observe@(itlgeégst Ieg%g{?@qutgge%ﬁtleoﬁ‘ggtne rﬁXtE’? &erthEJeI%ﬁnre eSY é)ersoﬁ:t%ghner ?rﬁzfgs%gen shown, by Lee
et al,, Prog: Iderfacan'89, ng 18T-&49, MtatEryluwesorrasNe agtiondakes pjaceiuatil #emaf@pensing step that

s o 0 1 U N R e S Bl by g v
metals with steel strlohgly atketicel aqoeoiusl eslutiam thaoit lp&Senn&irad; onn*rtgalAnjmm metal is known to

resi dues on the inteqr circ e
comode (53 AR5 i 0 e e oo S E o K-G0 8§ e
[0007] rPedrOVEicas @Bedt 16 Caveil it EorfokieH: protaene eﬂpl&}eﬂ fintéBddé Gnses with non-alkaline
sol vent content, but they are not as effective on
ot her residues found in vias or on netal-lines. They
al so require a high tenperature (typically 65 C or
higher) in order to clean the residues fromthe vias
and netal -1i nes. 2



[0006][ The use of alkaline strippers on mcrocircuit
containing netal filns has not always produced quality
w@Reosa0337 particularly when used with netal fPECTES2008/001103
_containing alum num or various conbinations or alloys
organic §glvegis sHaheasrigeprapyb alsaielh Hewever, kihruathods are iexngngiverandvhava unwanted safety,
chemlcd'f%@neehﬁfénmﬂlﬂéhél bo‘ﬁ?eqU@rﬁ:@éfs such as copper or

tungsten. Various types of nmetal corrosion, such as
(0008] %’UB‘P’%ﬂeWG 4%4(%‘??%%95 d@@ésgﬁﬁdugoug%rkﬁlfﬁ@'c sd%ngiixé Hin the microelectronics
not ching of metal Tines, have been observed due, at
mdustrylf;@’asgtpplnm opel¢aning semigcsdustor wafeosubstiaes rbsétrquosszphdhoreﬂlskwlsudm and other
A
oo SRR, Ay bgen AT Y Bl o
y
suffmenﬁ;anquotg topeodaestd phiof ledoet)- 13| ()cabout 001 % ta dbeut%tb@ weight tepragsed as % SiOy)

of a wat?rtfsgﬁlbléﬁx rffree%‘ﬂéﬁhe '(ecggt}olu S(ﬁgolg sg&g@r&; e' toé%rfl roléﬁﬂe metal chelating

agents and () eibmafigothdndgredierad. s Wi th the strongly al kal i ne
aqueous solution that is present during rinsing.
[0009] Adowenien oonervbthe bonipssitionuistidsed i the podtart effepiively yemonel @ orgauic loontamination

and mefaggb%la n%nggrgﬂdué%%éamﬁgo%ﬁ o&{){;agfeltcﬁ@g wgo&gsgﬁg%o\r{? l@ng{?ﬁg\g C{esidues are
pamcularlhdlﬁimmm remsveassingihedal femulativps. Ohed is, théreforspaineat fr §thp’p&§§omposmons that
non- I ka rlateggganl c. sol vents such as iso

dean seicop ! ey b ol vd et i gen swsiaes
without demaging e lrﬁ@faﬁdwrcwi’lwm%| widbgSHbRINBe ofdiidletiter (BB Blalso a need for

0008] In US Patent 6,465,403 there is
formulaie Bpl e Lfé%ﬁ% sl e rpégaa'sﬁﬁw"ta?wg legis 4,0 3 loppydemperatures

than corfiogitiehe inethd ;Brféﬂérp Bubebrpbsitiind st okt Edridd S meXal 1€dnPE&thd? Partially comprise
sen conduct or wafer substrates by renoving photoresi st

the inteqreleq] GIGISENA rSBOUSH VB (g ARRIE 2N COYRISEAORARHOECES TAsedBuBlgIRgdiate rinses.
Tungsteﬁ%ﬁ@%ﬁlﬁnhﬂnﬁest Xr@';%ﬁl:uléﬂycs‘a%?lbﬁ bR WBbn ggén 'Wﬁwatha formulations
ion-free bases at sufficient anmounts to prod uc
discusseglfin paFRgrAPh [0B0813; (b) about 0.01% to about 5% by wei ght
(expressed as % Si \ bl e net al
ion-free silicate,; %QMW\ Y?Sﬁﬁgﬂ\{)vf&)ﬂtbg about 10% by
[0010] \ir:pogprdaned wignibis wemmtberweneavrowdeddmw|atkgmagaemaoss famdlatiody comprising (a)
water, 8’%& 'Ieggf%lné Xle@ Br?irreedﬂgger Ftdéufaﬂgénf‘ am%uﬁgqg %)rog@gvgrfﬁgl corqgosﬁon gf alkaline pH,
preferabbfan dkﬂjlmam of frameaboutd 1 talaboubt3a(a) fcomcabom a.01% mtabout 5% g weight (expressed as
o Q; I A enai nin fte 0 0
% SlOz)ngIé %ast%ﬁ)%kr/ag%g@g% @quﬁ ilogglﬁg gfcme SProsio mﬁl LqJ@%m é&gﬁ)a& % to about 10%
by welgrpafatieeslloaa istaladhdidting agdett, aral (¢)dmom\n@reLtsan (o bllStIaSEO% by weight of at least one

oromeiiefl STy RBinp AR e Tie® i h TS| S5 ReeBinlat raric v e pgate to o

a peroxcnekatate rasuiting Inyan euUEDYs, HIkplineTItgEtrenic RarigdBMpdsitions. The amount of water

cont am n fro trates without dama
s the BERRE BN Bl HERI Gl 66 oG BTy iE b AEEATEG e ertioned i this
appllcatlsn E10°) b@céﬂﬂfy&fmght@:ﬂlbé‘&mdiobl@ﬂ Bthérfis@drid QreDastRARA the Wtal welght of the composition.
rmul ations that are able to renove netallic and

[00H1] Jgi;%l?ﬁ"ti‘g EYPROSIHA & PaFEYi heonias with # pRIIcRARYCIaR Wales ddstrate for atime and at a

temperatu%”&ﬁﬁc%htu[oe§leénharﬂvaﬁt@dlﬂ%@ﬁérﬁlhéhﬁsadd%r tERIEY KO RS tsubsPHE Rurface. The
nposi ti ons nust not corrode the netal features that

COmPOS'B%i‘P 5 ofap yentiesippvide enhanred pasoig aYieance and duareved elepnion efi¢iency.

avoi d the expepgeaGFDIRERPTRA FOMEGMHRRRRS caused by
i ntermedi ate ri nses. Tungst en and alum num i nes are

particul arly susceNDRAREEERRFOEMBOPEMENTSupon cl eani ng

00 Y R R 3R 00188, B0 DR et
at sufficierth arsouinta Yoenmduesra finél damaulatipreof plkaling pib drefeiabin b pH efl doault il hie about 13 4, (c) from
aqueous formul ations conprising (a)




water, (b) at |east one netal ion-free base at
sufficient anmounts to produce a final conposition of
wa@bdalivese? pH, preferably an al kali ne pH of froPCHDS2008/001103
11 to about 13.4, (c) fromabout 0.01%to about 5% by
about 0. p&% @q@bogte@?pb)e\geg@u(eages@ecgsc% 3)02)odf aaleaslt engswatasgeluble metal ion-free silicate

sl B30 B B8 8 8% A SEEAT T o

from mapé than 0|t@abnut 20% byreteght o lakleadt ioney oxmg\elalate md‘oﬁ@)i iff a(mundance with this
S B S 5 S i Stsstes o v

formulatloe &8¢h ma‘(@emmmlatalaks dr@ ddrméceprivt o et d thieh@sulting Rebrigadompbsitions.  The
alate resulting in an a

esuing, HERPRIAES (P P6Y dLEan B & MEKHeRGmEaIts P afiss seffanductr vt

substratéllfﬁb rtimeQind \aB4 &mpératuieRffibeH &Nddan Ahwinkd cbRQfindns aBloORsidues from the
the formulation or conposition. Al percentages

SUbS"atﬁé”rﬁfla?eoned in this application are percent by weight

[0013] UI"HE 9|%§ent |ﬁ@htﬁ)ﬁb@ddé§tn@\ﬁ‘ B¥desR féﬂ%ﬁat@ﬁseforb&ﬁlﬁ”ﬁ#n@»vthtﬂ%r&leé R} stripping and
of the conposition. [0 1] The cleani ng

cleamng@gﬁﬁggpqtqr afer %lff@ebpf&@r@@'nmqqts @grhteal@qes whlprhfowulatlons contain water (preferably
high pur@%@ bRRAGEED Bhe MAHbRMeBHBRHE @{as%s oRd orﬁnoFe'nmc%l g be Qficafd corrosxon inhibitors,
nperature sufficient to clean unwant cont am nan
one or 'T!Qf@dTﬁeéﬁl cheleking @gasts and-aperpnt ninee axorhetalatest e surf ace. The
| f_t
[0014] CA%?E@%E%RQ{%%%St}eaJ%%dZm atl da%%du?%rrﬂﬁﬁl\élh o tl'?e:}ﬂgsg?tqﬂlentlon The bases are
preferabl}E]'ﬂﬁtEllLlEDaﬁ)ES@Rh ﬁ’?ﬂrdxmb@ucde tatmwmmlmwd@mammg hydroxy and

aIkoxy-c%ﬁiﬁ %ﬁu ﬂbﬁgllgw ﬁo\r/Me% tt Jé) ﬁaal():o ngg saqu H\eoa}f(yl V\%taé?xy g{%‘f The most

preferabiet of ¢hasst alhaliee nm—:lmjhls | am-tétnamethbaamncmh:msbtfdfowde ant tdmatiyh?2-Bydroxyethyl

ammoniErﬁ gfaréOdu cs?)ollgef . nal Ie%@{s) }l{aftitlwlt%) gu %mg&lta%%@nlam h?cgjmdes include: trimethyl-3-
hydroxyﬁrbpynahm?ﬁlunﬁ) thr%deO trﬁbmth rﬁ%ﬂyutw@n@ﬁmumenypwoﬁ@@ &tﬂnéﬂﬁ/l hydroxybutyl
of, at

ammonig| e GG HORHI I FEBPITY ADUikdin KBGEN 2BIBvgli ammoium
hydroxuﬁbwtjtylm%rb)}yewlé]ﬁhﬁonmfn ﬂ}drdx@élsdlmﬂl%tm I%Jdro‘i)’%ﬂmiylabmm&wlum hydroxide,

frommre than 0 to about

dimetny o b Doy RS ROV P b CAToRST hydroide, ety

ammomé‘rﬁ GRdrBRRC BIrddrdphl drithchiumNivrRkile Netrabitft RmbdRitH IngdrbxRfeSs m@rﬁo@nethyl -triethyl
ombined with at |east one peroxide reactive with t

ammonwd\a@r@faqeaﬂ@gomﬁthvttwprl CATHRINIM] yAro¥idRs Hnanpragthyltributyl emmontum hydroxide,
monoet RN EhRArRHE RydAkiSe, frﬁHnHﬁl@ltrWu{ypémﬁm&lddﬁ PrydRJfXIdé kH"?methyldlethyl ammonium

resul ting cleaning compositions. The resul
hydroxide syl dibuykmmenism hydiexide. anthe maa@mlxwes theaof
[0015] rﬂtﬁe"r %Sée@%a# Wﬂ'f&ncfﬁo‘ﬁvh the rﬁdéégrh u‘%nti@n ﬁ\@lﬂaecg?ﬁh%ﬁﬁjf"notgyd?yﬂée brganic amines
substrate for atine a erature suf
particularly - @lkenglaminesva sackd aeor?taamoatamoks émdunon -propgriotl udsanfinoerpropanol,  2-(2-
ammoetﬁ&@et‘ﬁ%j’g?‘% A?Erﬁlngeltlrrg gﬁ@ %\%f‘% 323(% ar-mgeﬂgl a%ﬁlg)g{%hrﬂl}{ee gﬁd 91? llke and other
strong peganici dzasésorsuslh r iappigngnidined ¢.B-pentanadjarsiegyi deannimmyl 1,8- octanedlamme

e e T R e

1,5-pentdm=diaminz @od inaitozyldmine0 Akkalide soittioss ¢odtaiming imetat bnesuch as eslium or potassium

S e N ¥ T —_——

occur. Mixturasr ef Cthewﬁiddllmblealkahh@%ﬁabonémy PaHiduRklY enaRaiemMAdroRige, with the
e aqueous fgésrru ti oqs of the present

used, in
soremelii e ol SN e BHEFUDbl y quaternary

[0016]) cmEBiRtalion-feschage il 66 em@Sdyed inafe bRfuratiedk iydn aAEUM RFééMe to provide a highly
hydroxi des (including hydroxy- and al koxy-contai ni ng

al kyl groups generally of from1l to 4 carbon atonms in
the al kyl or al koxy group). The nost



preferable of these alkaline materials are tetranethyl
anmoni um hydr oxi de and tri net hyl - 2- hydr oxyet hyl

wa@eomenowsnt hydr oxi de (choline). Exanpl es of ot heeT/uSzb$/en1103
qguat er nary anmmoni um hydr oxi des i ncl ude: trinethyl - 3-

alkaline pi} uxtha@lplrfmjpylbtloammeiawa Pyl fraw Blgbet 11 to about 13. 4
dr ox

[0017] tﬁ{n& %E{ E me |h%3{e§§¥%ylﬁ¢ é%iy g ' <Pﬁ:iﬂmeﬂ E'P'Sg?f‘fj 81’ the present invention. The
smcatestae pﬂaﬂ!mbly Guateyraryaaxy@hibiy Ismmmi:mzm tﬁwdlk)@&mﬁi@mum silicate (including hydroxy-

o s R o TR A St o s, The s

preferabdal mahlheyd f&ie@xhat@cd%fﬁénér@i‘sYt@ﬁeh‘LéthM AR Wilicdly, d OMet S\ftable metal ion-free
| di 2 h drox th amoni um hydr oxi de,

silicate Fﬂﬁ’f?&hﬁf 13 ¢ ?’?’1(' W% v‘é{a@m -SityRiRSelting §ir % A @nore of the following

material$ @it the BigHNY hikARETBIEHNEHN duSHIeOmétsl Son- fFe@Ha%HéIQ Qéélful AGEHRIHY silicates in the
ydroxi de, tetrabutyl anmmoni um hydroxid

cleaner ﬁl@ﬁ@lﬁe‘{llﬁ?}] wafers, sfligg pCicy sl @ﬁgqqiﬁme@)slfl@@r any other suitable form of silicon or
siica. monomet hyl tri propyl ammoni um hydr oxi de,

nmononet hyl tri butyl ammoni um hydr oxi de,
[0018] rﬁgha@@tong, mete| lﬁ@ﬁmlhcaﬁwﬁmemswmtbe(fodmlatlon in an amount from about 0.01 to

sl roxi de, di nethyl di et hyl
aboutsﬁBn*:D&#hlﬂﬁ] Lerréc?gom b di rrg?l?;gy{”%c{dbutyl ammoni um
(0019] Hiyel fomulaﬁens h the pteh@t Invdotioneanelalsd faimulates with suitetdd one[c® ibfB]metal chelating

: t n.the esent , .

agents tlgr{@'gr%ieiq I?ﬁactltF1 ggathé’\'?glnhulaﬁ%nt %R/lalr,ns&ls e solugc}ngaé\ﬁ itocengﬁ[imﬁ é@ dissolution of

metallic [&aldmscoultr&rWajer albktzateo | Tapmah e&mples:hf neetal Shetatingnageiit aseu for this purpose are
am no- 3-

ve obgIRRE BP0 po A0 2 DL o B s (o

butyleneﬂra(nﬁetatraamehdiw krwhexanect, hybrainatar@acaiicheid MEyOTAK Giethpététriaminepentaacetic

TS T TR T ST W -

NN N hﬂﬁhmedldihyhdﬂdtrﬁ@fewlbrﬁé@hosﬂhoﬁﬁ)' ag¥idnqRD TR ) BhyRABkkrdAfhehexaacetic  acid
cl ohexane, tris(2-am noethyl)am ne

(TTHA),5_ ﬁ%éj IO ?liyd XW&Q?’EF{%NNMGI‘{@CQWd ¥ r Té)m rethyliminodiacetic ~ acid,

propylenéhlgrﬁlhétél@aéé@d atld Mitsotfaedtit a&mcmﬂ B¢ &g, laRAR a&&'%ﬁhcé}ﬁ: acid, sacchanc acid,
sodi um or (got assi um may al so be operative, but are not

glyceric 5eids exalicetpidy @RS cacids melfie apids ANl ackls maloair apietastic acid, salolic acd,
catecholcmt:am a@f)yn @eﬂlatE Wogénaué ﬁba@%uﬁom%ﬁwgt&ﬁ%of these

itiona kal'i né conponents, particularly anmoni um
0020} WW@% e themﬁnﬁthl ehetating: ggesise A anieasabexylicaatidsy lsuchnam cyalarexane-1,2-
i |
dlamme@gég:gfﬁ\?;‘maﬁﬁstcﬁfﬁ "l\lfe%?/ g%ﬁﬁﬂd"‘la%ntg %Fo)ﬂ"rgm Ia-ggﬁ"l(a)\%gé Iﬁ1hh VAR f5retﬁ? aluminum-
containingfresidties W@cajlbfomctm roidal dinels jiagch vigsadftkiadlasme "gshing’o In mmbn thel pKa's for this

class of fng{am%l?l@g%%ts Aﬁ&g@rlﬂiuld % pﬁgltoa{ppr%%rﬁ% ?Zg“@?r\]]lﬂ\gré\{eé ﬂ%&;ﬁormance of

the comppsitiens etthe inventipa. forrrul ations of the present invention.

o021 R0 b 0660 B LD bRl TR G rom about 001
about 1004 byoreigtit, prgfedapiyimcaxyramm fainiqbnlyooomtaamunz%g al kyl groups

[0022] g‘ﬁ ngtgtllé xo%st)alate 1r}%gsetlgrrbpgfépﬁrgrﬂﬁ(tggﬁsétvg%dit\gﬁt %{e E)ér%odigrchan may be
employeg i it |trteatoenmand5r130(ﬁetmt inventibret rmaerekdnychalasmoaniportm Fial IcSr@érﬁe one or more
sour ces

- LA S i s

oxometaRRY. Cmﬁtrahfsltldmﬁétal @f(onietbﬁtefs ot ih@Wﬂv&ﬂloﬂT&infbﬁéead@métélatésh& molybdenum (Mo),
line cleaner. Suitable netal io

al k

wngsen iy apare (5. 00 il 510 (7 aesoXpretlg il be presen nthe
formulatiéh A AR 8mouAt & mdRlthad 0%d dbbGQk, f@bIPin af bdual FonPdbb @ 0.01 to 2% by weight.

colloidal silica, funed silica or any other suitable

formof silicon or silica. [0018] At |east one netal

ion-free silicate will be present in the fornulation

in an anount from about 0.01 to

5

—




about 5% by wei ght, preferably fromabout 0.01 to
about 2% [0019] The fornul ations of the present
WO noo8nod3on are al so forrmulated with suitabl e oPET/082008/001103

nore netal chelating agents to increase the capacity

[0023] Sjuitableendnorugiaaraxoraatalates inciude thasenab tha fasmilan [MSp)F Tt iwbiare dhate high oxidation
S t s on t

stte eofi A0 oot SRRt MBIy Ko, 8 19kt B B SR 530D chiifgon. e most
preferrediglmruesbahwfgwburﬂen{ons lrie pratans, peiﬁaelk)diatembdnfm fand &raméniugn cations. Metal ions

such as so@ﬁrg loe%og%? ﬁﬁ &f aln tq'?agrtaﬁvgali&are &o%%%}gre? %leaﬂie of the possible residual metal

contamlh)anbrylheln@bdld amlungtaéte re&amm ofcsuetca Quitable mon%?uclear oxometalate is, for example,
C [ m nete aacetic aci

RN E P LT B ST £ S o Bttt

[0024] ESuh’ableelﬁtﬁﬂb@iﬁuM %kdnﬂaltﬁla%@l iAdNdE tRSé @f the formula(JMmOp -Z+ where M are high
- &Kﬁlror et hg %et hyl enedi am netriacetic aci TA),

oxidatiop StRie RprlY NEnsuphetalh 89 2 e M NPrdth 3 @Hém@aﬁeﬁw@mng counter-on..

These @€ fdimddEfldhMRa mokdnlickdaP¥loRieRiaRs bREINRPEAXARMELNLC Gel Hample of a suitable

homOPOM@lear oxpratatateis INHHIeMa P mBRra NE« i the chergepalaneinarcqeriestidnand Mo; Oz is the
homopo@ﬁdc@ar(o%i'ﬁ Téﬁte SRbdY hété}bdagmcﬁﬁrec{xb eta?éiésqnc]lude those of the formula [XMnOp}"
propyl enedi ani netetraacetic aci d, ofriac
Z* whereyMiae Higtoaatiog isteteieerlyaitsnsition metatszsrdhoas &¢.iVd Mo gi Lo amdcTaaK isch, heteroatom
C r I [ [ j ' -
that cans‘k?eI é?t’néﬁ’} 4 t&nﬁ@dngréelt% oyﬁgr{?g\ eqrclﬁ‘@ egg}e@?%ﬂ%ﬁso %i%tb:aqgaect%gz’%all?da%o@?t%r-lon. One
exampleznd B dyitaliehdtergpolyeucieari clometaateis i1, Qua whére Hais the chapgedyalahcing counter ion,
. qui nol i ne, and cyst ei ne.
Siis ‘“e?g%ﬂﬁéf"ﬁ%r@@ﬁgga eé)r| tr€r§sm I>('q%@)i\'ychel ating agents are
[0025] dihe riooaletvox wf ithds amenrﬂsn s1ag lrostsin @piibhal hiegtediedts1tha- are not harmful to the

i 0 LT ARG oSk I, oy SO, s

like. al um nuntont ai ni ng resi dues typl cally found on netal

[0026] l&@a%% qﬁgrﬁet%/lﬁ?ifor ﬁhggo,gm@?no%n%éqls @Y?@i'ogt'nch‘ﬂg apgg%? tggtollpnltedt ttc} ammonium
molybddtey(mmﬁMb(M) iaR@lobig® tarastate }«NHQI\N@P Mn@%b ABE @ Wolh2 aMﬁﬁbrﬁJm metavanadate
or mance of OS|t|ons of

(NHVO) ::"E"é‘??f‘i“@r{‘eptf"ﬁgyé’i?‘e AHpHRRe0) o%'i‘é“oﬁ'é’l‘d'l‘et%%é?rt%{? (Nge) e&@/&p@w ammonium

paratung/;*ltaieI r\tP-F?)mH{Vﬁ?‘&E)t te'tré‘rnét%nfn%hﬂi\d'd@éabé?ﬁddté‘ gﬁd@ﬂa‘) tdtFaRBhylammonium
to about 10% by wei ght pre erably I'n an

decan'O%aftﬁ)uHI "fi‘rN?F?pabo@E""@”'m tdshapalac (Bi)iGd22] ammoniuni phaspromolybdate
((NHa) 3%9@}?1: §||cé‘lhr%s@:f adih 9449%@?05 tdh%h&ﬁgﬁksacfdr(@IQpV@@ﬂpﬁho\fphﬁmaybdlc acid

periodi ¢ chart
(HsPMorpQyp) rﬁJ'F‘éTQOI'Y@ﬂ%aCd# HtW@anﬁn@@dwmlﬁﬁovaﬂadepf@smﬁt@t (HsRMomV20u0).
[0027] @Wﬁmr?f&?e)d 1GRRidnS %f Q\EQn\%tloﬁ[?ﬁcFldQ)%g{T&E FbhfiRd to, formulations that
cted from nononucl ear oxonetal at'es,

comprisg) oAnidp detiameBylenamonisro Mpdreddat @9 4%ntetramethylaopotiym dicaar 0.12% trans-1,2-
cycloheﬁﬁ&ﬂﬁﬁn%l/té’g%?ccég% IJ(:}F(;) ahd %S}TZ 'a%d)tggfr?r% altag{mé 2% %ﬁﬁ | %trgﬁ@eybggte or silicotungstic
acid and(ﬂmi)alancteun@stoéﬂo%w vanad| um (V), niobium ( Nb) _

[0028] Grﬂé 8w8§£§ﬁﬁl%}orrﬁ%aetto$s cg{nﬁ B%)VYHH atger?st or[}g g%;t?x%]&?& %‘\% of sald formulation
to peroxtdh liom @bautd: hitoahout 204, prefeedbiyrarbtioyof frcnn afm @I30:udnd frrro@trp\'malﬂ;tat a ratio of

ot g B Hogabe M TERREEL R gt i 0

oxometatated dfllthgfafane(deda'tbed) forradlaibies soads! ty fdih perdxoimieRates®iaR|be efipldled. Suitable

and Ta and Z is ch e | ancin

el i PG PSR DB S B8 PoERP P IAE 2 G0, Poosdsurc
acid (H:6@e)Npletiatimi@speroRycBprélE Bdid Heroxylabdtit acd Kyi,09 NBERIXYBéR0icedRMA, diperoxyphthalic

ammoni um cations. Metal ions such as sodi um or

pot assi um are al so operative, but are not preferred

because of the possible residual netal contam nation

that could occur. One exanple of such a suitable

nmononucl ear oxonetal ate is,6 for exanple,



(NH4) 2Mbg 4, where N is the charge bal anci ng
counter-ion and Mo(V is the oxonetal ate. [0024]
wEsamize?’ homopol ynucl ear oxonet al at es i ncl udeP€ToSm®08601103
the formula [ MOp] pZ+ where M are high oxidation state
acid, ané@plﬁsYthqrgcﬁr@p talkyjrpemgid@ sychs acbenagyl mroxide;, mebhy| eyl kifone panekide, dicumyl
: -Jan.. These are
perovid, B8l el " e ARRIDA BN Bt
[0029] clbedereoeedi cchaanmg efﬁcmcy @. be@rved ¢oxbarplresutbfof the sagfivetio| e peroxide by these

e LY PSSO AT Y BN R e

to formt hﬁgdn.nmmxbrymméseaﬂh@mmé&t(@hm&s ey eatlhe® cleaning in two ways.  First,

o PSRRI 1 SIS 1038 bt U5 geaor v

than hyd%géri DErdxrdanISis bélieved mrat tﬂlls Singfat 6>l?ge’1h8na¢improVe rebiBue o\ﬂdatlblbandmdafore improve
et eroat om t hat can er a transi

dlssolutl%qf éne rqﬂdu% Xﬂ'n %ﬁreeql%r{(ngn t%pﬂjeffgleptscatgly%s}.,fgrrtgeeomdatlon of organics by

perOX|deb ah@&@‘dlﬁi@acﬁ\iﬁjﬂﬂéﬁnhdn%md%ﬁ aifPrEHaNAI 8f @fborfbaSad rbsiiabse
t eropol ynucl ear oxonetalate is HASIW 20 O where H+

[0030] |B§cqu§%ofélpfﬁqe@cénpggqlog@ahﬁ gseig meraxometsiptes geneyalediithiae combined solution, the
lifetime Sﬁﬁ@é ]Qéﬁt@ﬁ@ B(gen@lré@ Witb® M%@d é?\%é éd Ecﬂcﬁ‘@ﬁéoﬁhdﬁ'@eﬁﬁ?atté%lby IMeroxomolybdate

fornmulations of this 1nvention may c
the pref@ﬂiﬂduf@mlalptlonr@@p@'@nr@ht[@wﬂh@@t cam@nmammqmmnmojybd@te) whﬁemlxed wnth hydrogen

peromdei(?((frjl @grf ée ?’(ﬁgglﬁlﬁogﬁsgl%){ggh% eatgygr@gn £ RIRESHY, aﬂuﬁmnuﬁﬁ‘ Baytfa?te da% 45 minutes

} e renpver enhancer
(0.01% arhreonfumknaalybl@de) 2625°.Sini theagsise oidieprefereed dereglation of ma'agraph [0027] that contains

smcotunés% Q%iﬂéage If?eﬂr?\% m% thz?r\n|nﬁ§¥r§%b§ig®ge%u?im%%3&%13%?\ bEIY tlma(?% with 20%
hydroget pengyste §20d) i6 (nMH4c)n§éMDe1weert 45mursites (Q‘Veaﬂmiur@aﬂﬁm)and Shm0101 % sificotungstic

acid) ban%%)ﬁ/&)af&%]g%%sngg\l %ﬁhﬁ@m&% gap %gngﬁ %5 al eg,&o%yeimon comprising

the pref@)ed faumutation ohpapgrapi LG)OZ}’:}sthalt @ntaind\bikedtuybid\Atid q0.823) when mixed with hydrogen

peromdet @t/"r |5:$7:0 Aal@%mlau{ﬁ %Ezg ang f?pi@é%(ﬁ%#ﬁq\gﬁ%oﬁhbe reactivated by

spiking VAtThRdAdgemperixidblr yatrigef t(\ésb“cléin[iéﬁ oAS RS ults A AMIRMatitecrease in the lifetime of these
hosphonol ybdat e ((NH4) 3PMyi 29 40, silicotungstic acid

COMPOSHG3, S| W 2040, phosphotungstic acid (H3PW 20 40),

[0031] PdHRSHHEP BENCAR @F GsirRiCoxBmétaiREMAI thed® créning @)mbésﬁi@rmbrytlﬁéils@mlconductor and

acid (H4Si Moi 20 40), and nol ybdovanadophosph
mICFOChIP H@WW@@@GﬁS'b'"V%E‘P]a'S%?PpW@ wsfer f,\ﬁf@«fee@f;e@ggeatment Metal absorption of
molybdefn@ﬁ 'éh’d fﬂﬁ%siéﬂgfrorﬁfthefs@ b&ndoﬂt%ﬁmvér@ Resled @bi hbdﬁPS BME fHoRelB&bn spectroscopy).
fornmul ations that conprise 2.
After tre@t@gqt afrPéFW EQrwalaisi mnmy)aprg Robledate@n m;gtungstate contalnlng preferred formulations
of parag?a%ﬁ [O@f‘?‘??nﬂéfd RIDBN it Hydr6eh ero@e](éég/ nﬁﬁgsforjl . |n DI water and drying in
ohexanedi am ne tetraacetic acid, from about

Ar, no MP CMV weie glisernad opoany phtisnvalamsyriapaph thist seggssts tat thase metalasionsccan easily be
rinsed frgffr ggg@grgagés:bﬁ%%k g’dg‘rf'rﬁb btlgﬁ\olﬂéstlgw %Pl?%k% ﬁe%gﬁib] ﬁthesteﬁormulatlons

[0032] | Eeching rafescofpainaning campositioas plathis dnvertions averd m&asmd at2501¢ with the preferred

0] ; e
formulatBﬁ{ S’fgia%?raét{ @597]1‘@ \w\chﬁua% @E@ed%%j&yﬁré&n%&o? e%ta{)?iml rguo of 20:1. For
compariscat aaontfol Renulationowgr prepackd without @ey emmetalatec(cmtreiafmnulgtlon = water, 2.1%
tetramet\?\mﬁ%ﬁ u‘nI g@?’o mq_?ArQ/ 16411?/% e‘ir%%tletﬁyha%ergﬁ m esﬁ‘l&ée%gér Hansalcfcycl&exanemamme
tetraacetioaaid.i| MlttestndsprmUecaelemmg taompositipes coxtainieg siicatiysticragigd ob@mmonium molybdate
did not S|gananP(y reduces,&i 'Ir' anc; ?EOS etch rates comparable to the Control formulation but W etch rates were

approximately one half of those obtained with the Control formulation.



per oxi des i nclude hydrogen peroxi de; peroxyacids such
as peroxydi phosphoric acid (H4P20s), peroxydisul furic
w@eiod/10633520e) , pht hal i m doper oxycapr oi ¢ aci d, PCT/US2008/001103
peroxyacetic acid (C2H4Cs), peroxybenzoic aC|d
[0033] oﬁ?'i?é‘m) sifiqismeiescal iheseaFeipmedoanulatians to whish wesodddedza98 ludrkgph peroxide at a ratio
f 20:1 &é R K
ot 21 S SEASGoB BRSNS BBl ORI Kl S0 o 2 v
used. Ipibe eagé of éhe teFlea Alonetdf ines, the Comtiodsrimdlation soukiydly egeve qﬂcﬂlemesiddeafter 5 min. at
0 n [ I C

. {08 ZhATPSIRE RTINS ST G315 6. Pt Gl uoons.
dramaticndemi{i galvmlcs:plmloe was dbsenkedsontpa&d)lotﬂtei control famolatidh,ahdiesidue removal was

sccompig e Bt RIaN Egae U bt i ekl ammorium

molybdatee(0 0% thesearhed! ﬁ?rfEs wery cleanb@itheut corReisH ings (it at SZ\/ﬁunV\@c)ZErO C For the preferred
ose to generate Si

f°"““'att9£z%“§}v'"85' Iegfupgii kdzi@f Gerrans I aash Garad i § . oL 25, it

almost rﬁtcbrfbellﬁdibs@%dd AtHe chédanthetesleD a8s, BE ContrbidRmuldtibn doild clean the vias in as little
eved that this singlet oxygen_may inprove residu
asb mue))@f gﬁa g

6 2236 REBRTRSTRRICE Fofi v T ResmTenes isFmulation wib silcotungsti acid

allowed |fo€§ high® ratid 8 Tt atBH © 6% ﬁﬁirdﬁér?pe%xﬁ@?b I‘1")C18"[9e §s8d Biffout the increased corrosion
ficient catalysts for the oxidation of organics %

Obsefveﬁ;mﬂﬁba (epatrol fopmuistiona Clepnjngiceuldtierdprsi in fis pasy in@ ikerrs@ min. at 289
4] 9xl

[0034] o gg%gdéq%f &B@"Jdgec\g@n‘%gg.&%“%ﬁ%‘gop Olﬂ-ﬂgs‘ﬁg a&@%h&jgrﬁrﬁomtﬂwpga%ate display

improvedh eqrigsi@ivighibéipmand slegningesffigiensy oventhe ﬁ@trdécmmlaterd @s:ol injbathogases, tungsten etch
f ons is generally limted.

rates aréBégjgrgbhyglﬁﬁazf t"%é%&%:]&ﬁ%)rl ﬁ)o UH%%]I uti on generated by

[0035] plédrile terinyentionl basebeert deecribedstieesin vt réferenta teethé specificfembodiments thereof, it wil

o s RO 5 s 3 BTR LB 05 r o

of the indterdipd @opeepbdidciobest fierain. kﬁetomm Elsmtemdédsts efBfacenatinacti ehamges, modification

and varig'l{%Jln%@g?e%ll th ﬁgs%rgg%dn s§ppe oﬁi ér?pg gmglr lrer g? : ggd;t‘ ®)

par agraph [0027] that contains silicotungstic acid,
the lifetinme of the cleaning conposition resulting
fromthe formul ati on being m xed with 20% hydr ogen
peroxi de (20:1) is much |onger, between 45 m nutes (2%
silicotungstic acid) and 5 hrs (0.01% silicotungstic
aci d) based on the col or change. A neasurenent of Al
etch rate changes for the cleaning conposition
conprising the preferred formul ati on of paragraph
[0027] that contains silicotungstic acid (0.5% when
m xed wi th hydrogen peroxide 20%in a 20:1 dilution

di spl ayed a bath life of only 3.5 hrs, but the
conposition could be reactivated by spiking with

hydr ogen peroxi de. Heating of these conpositions
results in a dramatic decrease in the lifetine of

t hese conpositions. [0031] One other concern of using
oxonetal ates in these cleaning conpositions for the
sem conductor and m crochip industries is the
possibility of nmetals left on the wafer surface after
treatnment. Metal absorption of nolybdenum and tungsten
fromthese conpositions were tested using XPS (X-ray
phot oel ectron spectroscopy). After treatnent of A and
TECS wafers in amoni um nol ybdate and silicotungstate
containing preferred formul ati ons of paragraph [0027]
mxed in a 20:1 ratio with hydrogen peroxi de (20%,
rinsing for 1 mn. in D water, and drying in Ar, no
Mo or Wwere observed on any of the wafer surfaces.
Thi s suggests that these netal anions can easily be
rinsed fromwafer surfaces and transition netal

contam nation should not be a problemw th these
fornul ati ons.



[0032] Etching rates of cleaning conpositions of this
i nvention were neasured at 25 Cwth the preferred

wo orosb@ri ons of paragraph [0027] to whi ch wasperusmos/001103

Claims:

20% hydrogen peroxide at a dilution ratio of 20:1. For
conparison, a control fornulation was prepared w thout

any oxonetal ate (control fornulation = water, 2.1%

t et ramet hyl ammoni um hydr oxi de, 0.14%

t et ramet hyl ammoni um sili cate, O. 12@6trans 1

Ar?n ?héaﬁirl}eég Cﬁ\ﬂgﬁlmﬁgﬂoggor c%&gﬁ‘ﬁgg i' @e&cﬁ(@gq% cleanlng a m|cro‘ejlectromc device, the
sfoimutatidnuenwising: (a)eiatdr, ¢b) atdemstone metalrmlf:ybnbsé et sdff aentaniounts to produce a final

RSP sy PR T o5 B B . 0t

wedseorpied xolubit dtyl ishree Ridate c@frosﬁdammb(fd;afrdmeabom g (’ﬂ °/J fa&bout 10% by

| fornulatio 0033 CI eanl ng efficiencies
H‘F‘é‘é‘[e‘% P'S?Sé?ﬂeéeﬁﬁimf*&ingaﬁgﬁ (790 {2 TR M 15a0 10 AR %% weight of at least
hy@bﬂﬂ@@mﬁ&fOXIde at aratio of 20:1 were tested on
both Al netal lines and vias. As a control, the
Control formul ation of paragraph [0032] was used. In

t DRmiRHSh &Eor&uﬁ“{ﬁo Elﬁﬁlt Ekhefn tﬁ%x@#net!alét@ %Sam oidﬂ%ta@%? Rletal selected from the

formul ation could only renove al residue a

ngroup Gepsisting of m@mderglm hitenggier Mﬂsvaﬂndlumév anighirs ( Nb) chromlum (Cr) and
ohsgives, even after 5 min. at 25 C. For both

preferred fornul ations, a dramatic decrease in

gal vani ¢ corrosion was observed conpared to the

CR Iﬂ'}ﬂﬂlﬂ%tlorﬁ %Ecg}d ?tte Qim é‘ﬂlﬂ%[éiﬁﬁﬂed&%mgt?&‘&"?%éé@féﬁ fro rr%?] group consisting of

acconp a reduce enmperature an
t henenuclearoxanietalagtasefosopaaudiesr orometbliatesiand (hatelapmnucgear oxometalates.
amoni um nol ybdate (0.1%, these netal l|lines were

cl eaned without corrosion in as little as 2 mn. at 25
G\ tbrnﬁxlatlort dueorgimgetd elaimeiweapinnthe iktaligerpHood thie dormilat@n is from about pH 11 to about
i cotungstic acid (0.5%, the netal lines could be

gﬁbletely cleaned in 2 mn. at 25 C, with al nost no

corrosi on observed. In the case of the tested A vi as,

/{1@ ntrol forrrulaté2 | d clean the vias in

1A PrriutopaCEoring o cigfn Shecsin g Fetdl regPRFdt w%@mdw%de the metal
rigi-free siifate?i@ alquatéigry RfbMiin Sifcafed BILthedbtAINhhting agent is an aminocarboxylic

si]icotungstic acid allowed for a higher ratio of

&Ml ation to 20% hydrogen peroxide (30:1) to be used

wi t hout the increased corrosion observed with the

Control formulation. Ceaning could be done in this
M foEmylation, gcoprding [te claigy D wherpin the oxpmetatate [i@gegep]edﬁwm the group consisting of

%@rﬁ%ﬂhmo‘yh@ate‘{ﬂ@-ﬁ Q\ﬂd'(ﬁ)darf\r%m t@ﬁg‘s@@? Nﬁg{g\kﬁ} Wa{;@ ?md (H2WOQq), ammonium

licotungstic acid and anmoni um m)

i 'h%?vé@ﬁééie c O, o ammarium i beptamolehatec |( (ékhlthgOzéf farmncewmy metatungstate
UG o Ry Do g
ﬂé/'/‘@ﬁﬁhope)) ftesramgthglammoenium | @Q@Slﬁc}bawhl (I(Té/lﬁt)d\lém@zﬁ)veammormm dichromate

JBEIRFRD. CERASHRE poSHEh Sl " (RYPIFREE Sishllfiie, e (S0
tﬂheﬁph@lmgstgesd (HB\liDdo)c ptosphnmelybdic acid (Fb?MchSo) (smmob;bdlmmte (HsSiM012040),
i pirit and scope of the
Ygr?ggﬁ %d\‘?ga%g%ﬁﬁwg}%ma §%§5§§%‘%her ein. Accordingly, it is
i ntended to enbr ace aI I such changes, nodification and
a{g{? Lalg%n%lc%ﬁ? r?pfsto eretn {hhe e%f’@réir(%erpggedlaif%glge}gy?afmrrﬁoﬂi%m hydroxide,
fthy melabloh-0ee ﬁlmfateC@ﬂ@taﬁmbtﬂﬂarﬂmdnhmpﬁlrcgtél #e iRl cRILAG iafdht & trans-1,2-
m croel ectroni c device, the fornulation conpri sing:
(a) water, (b) at |east one netal ion-free base at
sufficient anounts to produce a final formrulation
having an al kaline pH (c) fromabout 0.01%to about 5%
by wei ght (expressed as % 3 O ) of at |east one
wat er - sol ubl e netal ion-free silicate corrosion
inhibitor; (d) fromabout 0.01%to about 10% by



10.

1.

12.

13.

14.

15.

16

wei ght of at |east one netal chelating agent, and (e)
fromnore than 0 to about 2.0% by wei ght of at | east

wor@sossnet al ate. 2. A fornul ati on accordi ng tRCTIUS2008/001103

wherein the oxonetalate is an oxonetal ate of a netal
sFlexangdippigarelrpaselsrasidpandothe pxametalteos seiettetbienshtima(avp connsisting of
tmwuﬁﬂnoﬁywatemem&wdgeué e NI obi um (Nb), chrom um

(Cr) and tantal um ( . 3. Aformulation according to
claim2 wherein the oxonetal ate is sel ected fromthe

g S f n r .

P BRI aRE 6 o2 P AT 218 Bl B Rsriu, horosce, 014%
oimethalbanesum 4ilicai, D.42%nitaes: 1, Deyclalzeaediamige tetraarkiii adid2 and from about

7 o Pl o] S iR R B O accor i ng

to cl aim2 wherein the netal ion-free base is an

on-free silicate is a
KR <5 Sifain PP T oneiia e maxeerts | ng
agent [ s an am nocarboxylic acid. 6. A formulation
E‘E-'Ejl ng to claim5 wherein the oxonetal ate is
f YT Ger IR A Baipreir S oxasmolyteds sikeabeasiiaAgid
nmol ybdate ((NH4 MoO4), anmoni um tungstate ((NH O W),

tungstic acid (H2W04), ammoni um net avanadate (NH4AVCB),

[ngnfqqeqye ARFING &%QOé'tIQH(fNHIeAI)Im\mmgrogaqromc davie heLipaning composition
"Bkpfising 4 %Fn%le{n&r{\'aééér@né’}o clalﬁ'W'QdM&ém\Ji}ﬂ ﬂe‘d %?El%mde in a ratio of the
t et r anmet hyl anmoni um decavanadat e anmoni um
(ferriationdy prioxidp from abasih®: 1 ¢ abers 4@ handothpleinhecat (eeNIeME) [BRIvge is reactive with

d (H4SIW 2040,
aﬁboé%ﬂgt?hthgog%cgbgﬁd& c14;%?\/\12040) phosphonol ybdi ¢ acid
(H3PMD12D40), sili com)I ybdic acid (H Si MJ 2040, and

f orér{rl%ﬂ%;/%g%q’gglg%r | ng ltugn??al dl r& 18& chxrorﬂ (h%ev%ttrgl cleaning composition

|Q9mprﬁsmedhdotmwlatlm acebrmagrm tlgiin hradpibied mlthl)ad reest!ode JperoXide in a ratio of the
Iﬁ%%&ng@petr NG lilrérp 3 ouﬁ%i}ogﬁ?tﬁ 86 L%gﬁ\%hg ?hm Ealasl’f rcpne peroxide is reactive with

tthmxsméialﬁtemyormdpevommhlmn ne tetraacetic acid, and the

oxonetal ate is selected fromthe group connsisting of

amoni um nol ybdate and silicotungstic acid. 8. A

f rov atalir@f dq0ebud cleaning Ic&&m&@onﬁbr&leﬁhuﬁ @rﬁlﬂ@élé&bﬁi@dearcé%e cleaning composition

t et th hyd d
Cgpargﬁtt%{om?d gﬁ?prg gt rogt)‘a({élr@ef @prrixgd/ with at least one peroxide in a ratio of the

tisraniatioh ,to?pe%k@le QbR SIS REbELR 46, BhidameRhitfe R ebd oncibxide is reactive with
01 to about 2% of the oxonetal ate, and

m about
ttE'F’e XB’H?@??E@ IEEPEOX e, 9. A formul ation according
to claim8 wherein the oxonetal ate i s anmoni um
mol ybdate. 10. A fornulation according to claim8
ifetEalng, e eerping serarasitions acspriing: 9t el#igstli whesadi the al feast one peroxide

RBmprsktyuigen pRRIYGOUS cl eaning conposition for cleaning
a mcroelectronic device, the cleaning conposition

An alkaline, aqueous cleaning composition according to claim 12 wherein the at least one peroxide

comprises hydrogen peroxide.

An alkaline, aqueous cleaning composition according to claim 13 wherein the at least one peroxide

comprises hydrogen peroxide.
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17.

18.

19.

20.

conprising the formul ation according to claim1
adm xed with at | east one peroxide in a ratio of the

wo orosb@ri on to peroxi de from about 5:1 to aboR€T/W82008/001103

and wherein the at |east one peroxide is reactive with

t Aeroeesivetiedniag eontamirfaots af rasigue from emitraleatrapic siiBiratéoomprising contacting the

o %r?%lét{ﬂgm% éﬁh%%?a%‘@th% c?e%ﬂhg{]% {ngﬁ cﬁé i 210 r?g é énq% &) t'errﬂgeraﬂure sufficient to

crempweitisl caglarhinantsfop remideat i on according to claim 2

adm xed with at | east one peroxide in a ratio of the

formul ati on to peroxide fromabout 5:1 to about 40:1

am droudsefoed:léalnh@ eonaimidfa&tast reskiue frpre enidrabctrahic rsﬁimété \i@npﬁhﬁd’bontactlng the
tal a t er gxone

STROTFHEN SHHEBNA BATTBOTS0E A4TbAe Fop U6k aa g suficent

Neb\@eeitaminants diR¥lge, the cleaning conposition
conprising the formulation according to claim?7

adnixed with at | east one peroxide in a ratio of the
f B pradtsafot @Pé‘énfnﬁc nﬁﬁéht‘é‘ 8r r%§|&@ff@fh@%cro%le$trc¥n@ sARRAE chriding contacting the
and wherein the at |east one peroxide is reactive wt %
t Rierogsclpnia subsgirate with afc&awpgacqg@ps@b@@ Aealaim A3 tor a fime amhtemperature sufficient to
QEﬁéktﬂﬁmmﬁﬁHﬁﬂﬂﬁmﬁkﬁﬁn'ng conposition according to
claim11l erein the at | east one peroxi de conprises
hydrogen peroxide. 15. An alkaline, aqueous cleaning
CR EVB&§§ fo & nﬂg E&an{iﬂggts Bﬁ %&l@'frﬂﬂw ]a?nlc\Mé%Et? n’g s %ﬁ%ﬁ%onhp‘?@ﬁ’gt contacting the
one per oxI onpri ses rogen pero
ahikraéleotrenic susteteugthcl Mrungng)rrtpcmpmsﬁ dialrm ms ﬁncetbnnei amptemperature sufficient to
ﬁJe@BJQtHIe omﬁa%sga Fe? At | east one peroxide conprises
ydr ogen per oxi ©A process for cleaning
contami nants or residue froma m croel ectronic
substrate conprising contacting the mcroel ectronic
substrate with a cleaning conposition of claiml1l 1 for
atime and tenperature sufficient to renove the
contam nants or residue. 18. A process for cleaning
contam nants or residue froma mcroelectronic
substrate conprising contacting the mcroel ectronic
substrate with a cl eaning conposition of claim12 for
atime and tenperature sufficient to renove the
contam nants or residue. 19. A process for cleaning
contam nants or residue froma mcroelectronic
substrate conprising contacting the mcroel ectronic
substrate with a cl eaning conposition of claim213 for
atime and tenperature sufficient to renove the
contam nants or residue. 20. A process for cleaning
contam nants or residue froma mcroel ectronic
substrate conprising contacting the mcroel ectronic
substrate with a cl eaning conposition of claim116 for
a tinme and tenperature sufficient to renove the
contam nants or residue.
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