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Invention 5 This invention relates to conppgdtions useful int
m croel ectronics industry for cleaning sem conductor wafer substrates.

Parti oul ar| ) tfgmbm{;ﬁmﬁ@gaﬂm ﬁﬁ'éé%%g%%ﬁm@w%c; eaning
conpositions contaln 5 used for cleaning
waf ers havi ng net al {:ﬂ# 1‘@@% E@ Qﬁﬁ ?@nd organi c

cont am | | ut da I jntegrated circuits. Description of the
Pri or Aﬁkgﬁ%mepLJJngfggl ectronic fabrication is the use of
photore%,sts to transfer an image froma nmask or reticle to the desired
circuit 'ﬁ'?é}f.th%_'t"@ﬂtl?he desired image transfer has been achieved, an

et chi ng pr ogRS Indenritt GLlated {oCLOMpERIARSheR] & RMC iERSlecttBiS cd GRdustP ISP
structures forned 1n this way are netal lines and vial. ~ 5 The netal |ines
ar e usedldaningosamiedreintior cwifer guistrates o Rarticelavige thiv anvotionpeeldtes oé alladine
integrated circuit that lie in the same fabrjcatjon ,I_ager. The vi al fare

hol es t FHIPRiRG OBtc47BHPEt FRTBRRTHICHS SOBIAMNG Meisle jan-Hefy SHIGRES thay piequsidtiRr a

conduct i t : : |Gtk %nﬂ.g" .| e n
differ encg%@t%fgﬁsppg@gr@t%f%?ﬁ%}% ﬂlt eg getrg%\ﬁfgé Eﬂgﬁa?l%c 'F’E)‘Sgﬁﬁ‘é‘g Ll#ﬁlﬁﬁi ng
gas i s geideualddyagisedie imegried piradissses used for forming netal lines and
vias. 20 After the etching process has been conpl eted, the bulk of the
phap or eP&kripBin BEthePRorertby ei ther a chem cal stripper solution or by an
oxygen plasma_ aching process. The problemis that these etching processes
produce hi gkt jntegalopahplemigseelectionin Ebricatignrie dheiuessok phatorgiyts Hotirapefer ahpyed
by co 1. C Igq | UL L : dpE ] . ] t he
met al - conplr AoCRnadt & fRAE 1 e POl er KhiMe BRAT AR, RURAT IR,
renove, b2bn pehiéved| b elcking prodess Based of formuhit dusitddas@ctutas! THE aloedeammenli t s.
See, "Managi ng Etch and Inplant Residue,” Sem conductor International)
August 1Ytures formeddn tigwanaregnataldings aad Wiash an et ching process is the
patterning of netal lines on an integrated circuit. In this process, a
phat or esi stTheomeiahdines ampysed ad fome relegtrival abnrfectionst beewedmugremist parto wdither mask

ticl t | ti .V, tt i hot i ti Th
coat | ng MEeEFEBH G i Mt PR Eh ek Th oF e ik dhe AE EhPEL ot
dependi NEraaBh difedG Gayefs dnd1aRPoAIRA SSitSh df@ebiva skl THeeeard REPIORRARE St ON

the nmetal pattern. Thé remai nl.nfg photoresist is 24 Septenber 2002 WO
991 6044 &leeuivalisometigrsbaiwertl dijferent gemigrlelayers ofiithm inteenped girgwie A dalogamye

ot chi ng STAMTERSTE ReTstyb PRl B hicBesset A0S P R s AEY o1 cover el

b hot oresj st through the action of a seou | gsma. . Repoval . of sugch
el t r anch@rEHRCHng (REPGSST hatmbERR HRBISHadhe (Buflo ghithe BhOWESHEMAY Payer

The 1 emaeRio0e By PR A Geinidal b eé}%hftr%ﬂtb‘f‘?ﬂr ﬁ'@@ﬁr Erpgssm ahih pRite Q! FROI C
stripper soluti'on or wmth an 05? gen plasma achi 5 pfocedure. ‘Fhe achi ng
pr ocedurproblemoik tteat thedel eveling pyocesses psidnee Bighly inbaltible seetalecdniapingl residyesi c

stripper, solution, However, the str er solutions, currently . avail ahl e)
Usual |y YFKERY A8t BE ETBRNEA P RIPER ChERIca), STPRETOI MBS nAtse AENTEIAR SSHEE o her

met al - C%}B@%&‘m&n&ﬁﬁ&&%ﬁng 'P%stiJlﬁs lafld @;ﬂﬂﬁédagrfd:}r{aﬁé‘@qn thEre MR 0 & le of
such an ‘etching process 1s"the patterning of vias (interconnect holes) on
an 25 nt egpaaticadarlyi fnc thiet cast f tahiminpmelased integrptedt droags.s$eec ¢Managing Etctpphd ed
over a dielectric filmthen i ed through a . or reticle to

sel ect i J&R}%)@ﬁﬁggvasﬁa‘ﬂ'@ﬁ’qg?(%ﬁﬁ’éuﬁmt P@?Fﬁﬁza‘éﬁ"ﬁﬁaf he coating is
devel oped to renove either exposed or unexposed photoresist) depending on
the tone ofAn hxamplotod sechi at etching pragass x@ﬁlmm@nan@nbmwébns&omnmw#egal
pattern. .15. The renai nin hotoresist.is usually hardsbaked.at high

Fenper aiFBIL B hiREvess § PUBIRS L ForBh s Shelipe §vene BRACTRF IR Phersfyre,
matri x. JTh@seet Yalcdicetadtively e&bséydaga@érﬁnn ite bH&BreRiSt EtinBEWhe ddtirmgdt chi ng

step renoves dielectric not Covered by photoresist through the action of a
gaseous deiveleped toRembya leithdr exposeddirainexposed photaresise dspandingpent the tonef ofdhe t he

phot oresi st layer to the dielectric |ayer. The remajnin hotoresist .is
then renf\PEIESas¢d. 3nd grofucs 3 Rhotoresist Q:;{‘Sameéa PEHFPpehe ’?g'iaﬁ}‘?%ﬂh%?m%“tlﬁ an

oxygen plasma aching procedure. Typically, the dielectric is etched to a
poi nt where the underlying netal |ayer ,is exposed. A tit g Lfani um
nitride anti-reflective or diffusion barrier |ayer is tyH@H “@wmmﬁagnt at
the netal/dielectric boundary. This boundary | ayer is us

t hrough to expose the underlying nmetal. It has been found t h#i®%%ie action
of etching through the titaniumor titaniumnitride |ayer causes 25
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30 Proc., Vol. 495, 1998, pages 345-352. The aching procedure is often
followed by a rinsing step that uses a liquid organic stripper éﬁtEﬂBerZOOZ
However , wolse/644si pper sol utions currently avail able, usual pyr % dshe
stripper solutions, |eave insoluble netal oxides and other neta r." _
WO 99/ 60448 24 Septenber 2002 PCT/ US99/ 10875 cont ai ni ng resi dues on the

| nt egr abafig ivhfibiked B High RifperRie BYHhOvY SA0EME 2RE BRIy BRISS-1HRhe
post-ash residue renovers on'the market that have a high organic sol vent
cont ent polyoer miatrix. dthe acmial metad fefohing svep Brihent penfonmedi Thisset¢hongstep memoves or

on netal -lines. They al so reguire igh tenperature (typically 65C or

hi gher ) Mert! BPueverss by aiagtoresist paay & HLOPL Ac2SiCHs Piﬂ%%siﬁmog{ﬁlﬁﬁ WER. The
use of |, t fi.p. i i j t.ai M f4 ot

i vays GebhiaBgreR e ptef Pt G¢ Agbiofist 1P 8 BE e Rler. TS BerdBplY
cond ai nphgorebismis nhén @movad i('GusppedMbwitinhh @Aganio steibper\selutionast twithcametyges such
as alum numor titaniumw th nore electropositive netals such as copper or

t ungst eRlasTgashiRg;progestuse. gfheashing peeseduss iinpftensipllowsd by @ rinsingossrohatlesRer s)
pi tting)..nqtching . of | 0, ; A.2ast . J.h, part,
Po. renot 58 SebrinaPnalEicign Aot KR ABPPr RIRIOH ube ny HotaB byl
shown, Bikalineegrigper ablukiof¥, A6avel iR§il]e g tal GideR and Iotier TA&al-ddnedinin g rasiduet t | €
corrosive action takes place until the water rinsing step that I's required
t o r enpo®thefivtepratpdrfiitsuist ri pper fromthe wafer. The corrosion is evidently a
result of contacting the netals with the strongly al kali ne aqueous sol ution
th&t is prasethtr danie ohgpchianetahing pibeess isuthe patterhingof kiasvintéroonnect ks )

rapi dly under such conditions, Arnbat et al., CorTGOSi on Scienge, VOé. 33
(5), p. °B8%ntaZEsd cispip In thif PARFESHE PAOESEY 6PY NG EPRIAd Q€T B IgkEA dim

enpl oyeg .l I (o S AW < [ L | . QS

o Eop oy ERET B8 s HEA o b RN Cx T P ML POUEE®
saf ety, coduepi Tak doagngne,dexalkbped o rremoee teither @npesgd eorc esexpafed T hleotpresisr, ar t

di scl oses several organic strippers used to renove bul k phqtoresjst after
the et cﬁma&as&eéggro B o5therplioLoresisiyse ~&E“1’BB‘?‘£§‘&9 &,PES‘P!L%W g’? eanaafseas'e@,- 745
di sl os i i T ki i i Laani c
o et S b B B D R SR e
have beepticnalked" crasg-hinloxbe qolyhers masixasThie aciuab ddklertrie etchBgnstephist themsi st

strippers_ att t. to, address this problem by addj ng additional ter. and an
5 o DeReECHins r Das GRDMEH EBIovES hleae fat SRyrare PIRAIOE et aPED Siractip

di scl osgfl,i édu?-plﬁ?r{a.ewcgmﬁl- oP st dic1B8ric ﬁra%Z\%rJﬁx%’zpaﬁeﬁ\B\aro&O&e phoréist32)
5,709, 756) 5,707,947, and 5,419,779 and in WD 9800244. | n sone cases, the
hydr azi tyedierthe didleceric heyelr. Thel ramaingyg pheoterdsiedis abenveimove B¢ tanipped Of with an

toxicity. the use of catechg ives rise to various enyir.o tal.,, safety,
ardP heabtENE GHIBER SIS Fovah 28K Een RS TR BB RO EhE | HGe s B gtsledRtn

i nhi bi t qr g} ' | %Pod tj hGseB! MCHahiuRPBF ani

Exanpl es ofC “égughg?gmtgf t?)e?lés qgér gﬂgﬁrsclc’oglggl ?Jri\)%%ljg %R%S?eb ADD!aSlu 24 Se;)utnclanber
2002 \\OnBHdes aritikse fRCTive SO i ff0GTH bartBr 923y iDDyHidd]0RtesentUS the Zeetalididecttis

5,234,505, US 23=1. 506, d US 393,448. T tal Li 1 Ci i
boar ds ?‘B’dﬁﬂ'c a‘hllsaﬁ"b‘g‘fda’f—"h]éggr_t ’ﬁd‘:ﬂé"ﬁ’fyo‘?}é&di ‘ﬁ"‘?"\é{g‘@ ﬁ%p@g ‘@i: %a?ffygn?f h{?galrl‘”;ve
| ess deqRileAolldaRE RO b8 REBRY fhrodgh thd BtmARR oPfitahtn® Qﬁﬁaeeﬁ%'&"chﬁéék ts,

nmetal contam nation 1 ntroduced froma cCleaning solution, even at extrenely
| 0% condentumatd nmpopareiazhinsethd emhangatsidecsffaithed mswif of e \davdxygen pPhasmef or e,

any formyl atign, containjng intentionally adde tals, such as, the netal
silicat gléf’“lﬁ Pxdizehiieey VigdEtiduasdneldng &‘WQW ‘ﬁgﬁ‘fﬁ‘t‘@d?ﬁf’}é‘a A titapiym Te5idUF ce
perfor j.ablli . - {15 i a
P oai am Telfciaf fdrln Bdet kst thétefobE B Hhaabld-coliniflap sBluEh 36 Chably 0
5, 817, 6tRaing oEfMeS2fesiAass. ISae “Removd] ofl Torafiuat Oaideé GrowmronuTitaniun NNitride and

quaternary 10 ammoni um hydroxi de and water is disclosed for use in_renoving
pl asma Bedyrticasf Niadonrast Rigsisianes, Hsing adyledern ddasmaAahesol Me 6T iee<sS¥ife

RuIgE S ol Ve Fgh mgrsSire
I R e T R e R T

i nhi bi t gfef tRdteuse§ AWiguid drdnid stfipBergciutddi HvSi28. the tripper ysiatiods eurrently
quaternary amonium Silicate, an am ne conpound, water and optionally an

or gani c apzilable, veuallyraikalige SEripfies spluters, fleave Ungolelle anetalroxidas Aad ateraneahi ng
conposition. None of the four disclosures cited above discloses the

advant ages of addi ng an am nocarboxylig acid buffering agent or titanium
resi due renoval enhancer. None of the four disclosures cited above

di scl oses the advantages of adding a titaniumresidue renoval enhancer. The
present invention has shown that in sone cases it is necessary to add a
titaniumresidue renoval enhancer for effective cleaning of sone 20
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Ot her uses of silicate i#nhibitors include magnetic head cleaners (JP

09, 245,311 ), laundry detergents (WO 9, 100. 330), netal processisgsstbmbbrrso?
|-DE 2. 234yB4dk604kdS 3, 039. | 85, US 4 f WD 99/60448 24 Sepignpé%w@

PCT/ US99/ 10875 3,773,670) US 4,351, 883, US 4, 341,878, EP 743, 357,
4,710,232)) rosin flux renmovers (US 5,549,761 )) and photoresists (JP

50, 101, 6mskhiniBOfefidf&! & theQhrebfa8R GHcultCThES 234IS§6n@ BydrBkyiamBrielbdse SRpherdN
silicate and nmetal silicates have been used as conponents of photoresist
devel opend posiSsh résddie0RBiovae @Gthe4Tarkethalisevg dhighorgade soiSent @BENBHO! RD
318,056)t RD 347,071:;'}, EP 62 733%..dPh§t oresi st devel ogle.s a.rgg u%ed bef ore the
et chi ng ARG ATBFIRE AR FRITRYAYsS SRURCVIFs,OT o0 i 'Irbléetst e PHBBrLsi st
areas Whighehd¥anke GlpRallEs5E Syh@m?w bfdel @ Lle@ithe rEfiESed #EMQ8e Has and

phot oresist pattern Oh tHe wafer Surface which is typically har dened” by
exposur enetd-lineght and heat to forman etching mask. This mask is used
during the plasma etching step and usually renoved after this use by 10 an
oxygen pl aqgmwg usasdfi dJEe'ilinEtﬁﬂﬂpc?h@npmﬁ@diicuitmb@:miﬁiﬁgl m&hlafiBfs hes hbeawagpval

of residues fornmed during these |last two steps and is unrelated to the

phot or e prafucefbqedlisy riseiitss papicelady adheadisey Wikemgiad Edms centaining alumgrusn or

R £ ot - 3AdoR B R gk phe e e, M s et of i@ sl Fovs o7
t he passgiecrapdsfiveGheals WHEH AT SHpEH6H Win8Ster. SV Hbuk Rebek BF GrieddTBoRoEbMBuch as

("Alum num passivation in Saturated TMAHW Sol utions for |1C Conpatible
M & ost comeuierewhisherspitinge notshingtof aretal lgas.rhang been ehiservedapg: aydgast pgag,

P di,ngs-.. M d M crofabricat.ion P hnol I, Th
[t or nat? BRI PERS Gy R M S BRgr Zurha ! et G P 1808 Approt - T
242- 250])ntetvhcer 09BN 1197199 AR Veg@littRCorkive Autish GRePplade@ntl GRPFaef rihdie:

present invention. The solutions in the cited 20 reference contain about ?5
wei ght psepdkaids rapireditogemexs epsgapiagirippeniyom e wafen dbe gorresipnis evigently

signifigant| reater than the entrations;.used in the.ex les of this
nvent | ST CreRichne P et aiR B oRY ARREE Sl belRuSH BRI RN | car e
(expr esgeen@sinsthEAlumlmien Hietal &f kidweh GhehdbE fipidg ender sadteedhaltions, Ambdtlek con
etch rate enhancer is also suggested. In the present invention, increasing
t he et ci¥h.rgp@osen §¢l¢nQ§oH°lAéél(%,Beﬁﬁfnél%%lr abl e since this mght damage 25
the silicon dioxide dielectric layers commonly used in integrated circuits
as wel | as Prioe mexipas ededsid 2 thisckepsien pfobide emplayed iffthonediae ginseq with
quaternarxa@gr’rfmni um h§dr?xi de irtla pho.toresilst strippers is di sclﬁls din US
4, 776. 8G9N-4HGlBS grganjq FOlVERISHEHD g§SOROPYIERICBRSGPWRYST WY B1 PFREF A" and
US 4, 7448 five hHE hiveur¥anfdaahfity, REermitd) 2N CaddGvAEH fall @nsQEeHRES. er
nmetals in various 30 cleaners has al so been reported in WO 9705228, US

[

306250400 SRR Fioc by 5y qreinic sppedped e SRS A 1T
PCT/ USO@1chiifir prokifss SUAB R0 Niiss 4/765844 25,1202 usd 41308/745 alisctust photoregist

cl eaning solution for mcroelectronics substrates {hat contains a

quat er naFIPPEFFROMAISINGMIFIERS eRINBIRRHQRS (Of SFaanIcHEo Yantse FBESSSIRRPERy AVEYERFF i s
useful f t L A JReR j ' H

ar cat er "Phydy BecBRAR red IR el bl Uehdd gl o R B B

addi ti orSonsi phocatsis shripparseattempt toeatidrest ehiis pruibidm by tyding additoral peted Ond drab
tests indicated that when the pH of a tetranethy] anmonjum sil i ﬁgts(% sol ution
i 52} edu@EERMGCISIAN iBMIbIAESUED| 28 CRIERNY e 8 WiecOMROSBIRRS are fisclosed iy atent

prect Pl 15 A3 588 sPlolits 08 st B0 5795, 335 9b8.550 S0R7DA! ARESEII P JHgiNd an

aqueous “al’kalrme cl"éani ng’ 5o T tontai ns "a qlat ernary "ammoni um
hydr oxi dg0aggb0eps i Bngdmdrehsek, tbalyarizg agontive Useiredyldntine, 18 aidedhas nell.
silicon wafers. The disclosure of this cleaning process is for treatnents

t o substBesaese dfdfsoosicithicthprse oh cateefol igives gisstie v apgesaenviropggniak safgty. aRd used
to generate a wafer surface that is essentially silicon dioxide free and
woul d b BHhFBYEPShef ore the use of photoresist for integrated circuit
fabrication. The present invention, in caontrast, focuses on .the cleaning of
waflrs wit Metak %b?aéﬁse}éFVEibFE‘thL‘dﬁ?éééHWW 1%%%%'3&%%6%9% B56d Bat ed,
etched, ol QAR SRS D SoliohdGreC BRABRIL 1iPRY GERAEORS 11
the prior art efrectrvel’y Tenove all organic contam nation and

met al - cont ai ni ng residues remai ning after a typical etching process. There
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is, therefore, a need for stripping conpositions that clean sem conductor
waf er substrates by renoving netallic and organic contaninathmbjée ;ﬁ&&@ooz
substrat agowhk4Qyt damaging the 20 integrated circuits. Sug%Tﬁ%g?ﬁ 2 I'ons
must not corrode the netal features that partially conpriset rated
circuit and should avoid the expense and adverse consequences caused by

| nt et med 4§ 119 433 oSNMARY 0ag Hs ISMENEE AS! 4 218504 B34 1105 803 385 feect

of the present invenfion to prow ide ¢onpositions useful in the

m cr oel emerabhingsson dirbuittboyrdt are mhchalargegthae nhase ficlndtin integrbed cinebiss thas keve | t

is another object of the present invention to provide conposjtions that
renove nEEafaRanduigrleAnnETeauIreRANE I IEiCase ofrinteRrains GIHUS ARYAl GRafagtination
subst r at i 1.Ro d | £ g nt ate ' iht.s,. ' t ject
of the progbbee bt 3 BR Rt SORGbE SRR RAR b biechPuRiR 08 st
andsadveprsfatpd SANLE BE €ife BeMicee Thepefdrd! iy Reinalabor icBs@mingd intedticddilySegdegnber
2002 WO 99/604d8 PCT/LJS99/10875 It is a further object of the present

i nvent i ometals, suahy peltheamaial Bibigaieoeited abavienyoslshbe daditnentl tpanisgrasagbeitquitt es

i thout TPt Prisats AREPIBRRY CoRE B0 AR 25t SRRl AT Sy o s

consequemeesilicae $61diby 1o diiseVEBRbt A Ft-bif #8BRs. S These and ot her objects are
achi eved using new aqueous conpositions for stripping or cleaning

sem COMUCtWU%‘:S@W.@BQﬁBW@ F63ahe F&n&f’ad a argr furd] Gl arel Hﬂitérﬁ

bases and a wafer-soluble netal Ton-free srlicate. e conpositirons are

pl aced i ammoniuachydvokide ans evateros disclosed farf e i ubmbviag @ldsaia ech rdkiduafidnat a
tenperat#]re sufficient to clean unwanted contam nants and/or residues from
the substFsstwodisciopuees, caechplaligimers e RreterTed AP SUBteEREY ammeaium sheatesrasnpr e
met al i oL i v i j f.ficl t &, ce a
OH of anarOsPh RRRARE a8 o Ekirifled @) Ypplefhufd aiidriy SIDHEL Behf REEU

(cal cul aterbsam iBhibitprsofre shomh e US| iB5®9Teetmd EPOSREL 19Fethsi sk adt 2 quaieniary

sui tabl e base nay _be used in the conpositions of this invention. .
Pr ef er abfTORHE pilisate; & aBINEEIRPIPSHYAGE Aok PRENIN ANTEAHF PORTSAYENT ifost

pr gker alei)!chééﬂthF 04 % h%%ééeﬂ%ﬁ%%&a i&@‘f‘ioﬂg?? 'e%PMQEIE}%ﬂJrQsec‘itedA”y
suitable silicate nay be Used In the Tonpbsitions of this 1nvention.

Pr ef er ababoyve tiselosed the adleaniagesefl adingdinfaminoqriaxeliaadiy baffering agensorl titadhms,
nost preferably tetranethy| ium sjlicate. The conpositions of the

amupni
present TCRBRFSROVAAYIADERTE _%thcméfw_é USRI Sitsd aPPVELigHoseh dleAdvaRfagiSent s,
organi ¢ &0; VAL s . . ,
ur'tact avy g et ek 0L WA AR AR OB Rk RAR R O haliSome
2% by wedagex if isategessany tc addatitaniinsreaidee prmadvat erthlaycep fareéietti vencleamingdfsome t o

P aBent T HGRARIR Ui b U0 S0 HESIER A PreaRY. U8 e B0 R 197
pr ef er abli¥cipieane ﬂ%c b ag%ﬂgg R stictBPfbin Hea¥hioh WEIEHdse, fAR106E®r sucrose

conposi tions can be used to“clfean substrateS containing integrated circuits
or can bandusedr tlmohdleancis absylital, esannital arbsarbitolc balt &ists ofnfoemniatiens of theui t s.

When integrated circuits are present, the conposition renpves the
cont ani nBAED! JFYAHDR Wl ERRARRS QrHRoThIipl @gdedt Ealsd o A talution, D2 pen gat fHpH

cl eani ngst§lﬂgia§qagﬂﬁ5t%nsf tﬁfﬁ'fg AURRIHoRLBSx Al zrcﬁ.ﬁaogég%?&d 5&:{%% Wbdf?eq%:g{ ﬁsa

that the conpositions o present 1 nvention ace ¢ont act
302sem cagedusdded. waf er substrate for a tine and at a tenperature sufficient
to cl ean unwanted contam nants and/or residues fromthe substrate surface.

The met hod paediugssicReéd Wet 952999 Tdiscidsts IRRTzE bame Y RemotbinO 644 4hd
PCT/ US99110875 spray applications. Typically, the substrate is exposed to

t he conpaBmEhiom $iticate fae coperiapinhititors innwlusions ased: fior reappingresist fom circuit
tenperat t%a?ds. rl-konusleevcti:r,ut qugckh Iop Qm? L{éﬁgl\{:ngdelﬁiltragﬂtgt?a%cmt a6crid (%B%Airéo%gém was
described as an advantage of the disclosed formulation. In the present invention, in contrast,

30 the optional use of chelating agents such as EDTA was beneficial.

Other uses of silicate inhibitors include magnetic head cleaners (JP 09,245,311), laundry
detergents (WO 9,100.330), metal processing solutions (DE 2.234,842. US 3,639.185, US



The conpositions clean wafer substrates by rempb~~ing netallic and organic
contam nation. Inportantly, the cleaning process does not danmagg gdptepaberi2062
circuits vapoedbRed Wafer substrates and avoid the expense apdrRQ¥&{ess
consequences associated by internediate rinses required in prior nethods.

O her objects, advantages, and novel features of the present invention wll

becone appa ' I j i & Rt ) ' WeloR
DETAI L EDT BESEA 17 4P RS U B PR e SPR S PR11Oa0), o R RRAGRR:
aqueous dd8podd76band phiorsresikte GIANEP, [1,10Bani ng sem conduct or waf er
substrates that contain one or nore netal ion-free bases and a water

sol ubl e net Bothi @Braf idefréd LilieRbLsuckrBfi@ramvylath@nivRy Silichie Mand Bsthid§Hcates
aqueous, al kaline stripping or cleaning conpositions conprising one or nore

al kal i nehanstbeen jused 4y campvasets ©f phoramsissdsveloparsa®iSuh 628,023, I 647 $3pbdduce

| uti f t f f bout .t5 11 t
2boct - pHia3E 128 DS A 80, 8 PSS RPLT FhIEb Basll ebbreanaieht ot o by
wei ght (aéd%ei,_c%l ey ctaﬁﬁ&'ﬁncpog]gc?(yagﬁnﬁtﬂ%ﬁ% rodessPd &f ﬁrrg?il:??a{térﬂéﬂ I%&g@t 01 %

to about 2% e conposftions may al so contain a che g agen
concent r ateaowhizh haee hbdén dferabbyitxds@rt %o tight Itis led®Xa pretenesilsi yatterroon dizout

0.01% to_apout ,2% Further, optjonal ganmponents ar.e water-sol uble organic
ol vent S YRHT SO CURED i BBy TBIFGHT BT SWOBE 10U EoRne Peatioaanan SimE

9o | bt 5y e BTSN PRI ESS

9 génera about 1 %to
abowt 30% capgknaplagh®tashilgllizhep. She fraesenninventicanredavesuret theyremevghdf méidadsout
0.01 %tg ab U‘L“(Sjllgo pref erabl e about 0.0l %to about 0.9c. The conposition
is an aqgﬂéﬁ\ﬁg ngtthess Rt SieRy 2phds paEslateq (R the phetaresist dawelonmens FiaP 25

conponen | r |y high purity de-ionized water. Any
sui t abl eta%%{gééé%gg){-géﬁ%ggﬁ&ﬁﬁq ﬁ% pga%a%ég}gi tions of the present invention. The

bases are f er abl uat er nans .anmoni um hydr oxj des,  su as .tetraal.kyl
armoni um hy SPBaPRe e PR S SRR e S S5 T R TR s
gener al | ytydrbxide gTMAN Ph#e GaeD edportd ASudefultfberhal paydivAionad fkadeyingmOstfukturdh e
nost preferable of these alkaline nmaterials are 30 tetranethyl amonium
hydtoxi déuERE Mieromaeping 2 uTnisRmepassivationnih Semrastl THIAHY Solutipps doy Kou438
24 Septe 22K 0845 | 4 < EX s pf ot bl

guat erpnagt;i}ﬁ{grarﬁr@gi hﬁgéé} r %%%eagﬁi %ﬁ@getzsgﬁl?%ét ﬁ%ﬂ‘ghﬁgr‘gmg?@pw&anﬁ% um
hydr oxi d@roceedingt Mikcrosnaalisingxand Mickofsbritatnon FrdeyrTechitdogy IT, The International

trimet hyl - 4- hydr oxybut ?/I ammoni um hydr oxi de, triethyl -2-hydroxyet hKJ )
ammoni umSRGEWoXPH Opticel pErgiggeringn\Rftoxdethy 1 9%mBRi K- oMigimachining
tributyl ;2 t hyl. . 5 | jde): di hyd et -2k oxyef hyl
armoni um-’ 1 )régér%ég J(}?{Jrlr%et R@Fﬂg‘f’fﬂé’wfg’?—{g@ﬁsﬁ@ 5ng%rﬂm%n¥hgqsﬁyélp éi%g?’c e
monzoret hydfetehdelednyahi aboir 25y oiglarprroenusilicayel (exptedsed dse8iOapTihid conoenoratiomns
hydr oxi de, tetrapropyl anmoni um hydroxi de, .tetrabutyl apmoni um hydroxi de,
monomet hylgnisamry g@mﬁ)maanﬁhwawmra&nsrﬁ_frﬁ%m;ffr?mampﬁ?wfymwam‘fewq&mwhmh
hydr oxi d Ki PR -0X] INg

anmoni um%l.’égﬁ{;) roxo%g'?)l r[rgg%&eﬁ# ﬁ'yl t r?@%@xgﬁgﬁgﬁﬁ ﬁg%?% i%gdgj)' TR0 the

di et hyl dhelating agemremettiol igdt eiticote etctli rart Entadtdit ydlsoasomgadtedn Ihyitle presdrt  and
the like and m xtures thereof. O her bases that will function in the
present iTKFBHEN. dRCTRAFHIZLGE 5B fralksPar Byldde widgHiable URTeniBE HiEht demess | y

am 2.3 oaneay Wl SeREORYE Mmon FRR 5 pBEQRRE Thents s vell 28 e

2- (2 15 axpareetilivbrapickopebhtkanifere and the |ike) and other strong organic

bases such as guani di ne, 1, 3-pentanedi am ne,

4- am nomet hyts = LY Felag lipi [ i is di ed inU

4 3am mopr o o P RRGioRelf ippers is dislosed in US

tri s(2- akiI1680Ry USafis68,] 1 2- I t08§19008 SAZNERNEMESAT A2 W Hd+SBkwlaand &S

Al kal i ne sol utions contai niqT&% metl_glf i ons such as sodi um Org%? assi um may
& al

al so be Gpéradfvdhepise ofr ehelBingpinds EPPRIGXIBE2RFRE 1O SEANESHO & VEEPYRY

20 gt al cfegﬂér?mgi% Blert {}?Brtfcphl{ Wc?@%ﬁzzs,'\’bﬁty&@é%gf dshi%gs.éﬂﬂ'ép TR,

al kal i ne ‘conponent's) particularly amoni um hydroXi dé, with the

af or ementUH 861,13, TRAKE Y098 PG40 7T ) YR 06350468 and &Bal §13,28%f ul . Any suitable
netal ion-free silicate nay be used in the conpositions of the present
invention. The silicates are preferably quaternary ammoniumsilicates, such
as tetraal kyl 25 ammonium silicate (inckuding hydroxy- and

al koxy-contai ning al kyl groups generally of from



1 to 4 carbon atonms in the al kyl or al koxy group). The nobst preferable

metal ion-free silicate conponent is tetramethvl anmmoniumsili SeptehidRF 2002
sui t abl eweégosdgon-free silicate sources for this inventi OP ];R)r# /iﬂf
generated in-situ by dissolving any one or nore of the fol G 6 {2rials
in the highly al kaline cleaner. Suitable netal ion-free materials useful

for generat,,ng LLlicgates in the cleaner.are solid silicon wafers,

111 oo aci Vb TP abaafstBies n FONGHS SARPLEE opoTaRpng, 1200 12BN &9 of
silicon @fcréeldctroics VEbsiates | thhCEdrRaing UCALafn &9 UriioRR A B drok ik Cand®dptRBall 9
24 Septenber 2002 ' WD 99/ 60448 PCTNS991 10875 used but are not recomrended
due to tmetakhelating ageits afdf ie asefubfor apihtange ot aboua Bi tnd0i nthe prasentdgveation,
circuits. [The conpositions of the.present . invention may, al sq.be far.nul ated
i b suid BB RN A df HopRE by B T drsiei SB90T Fooban ACgitan. Hligies

f or gul atiA8 ifldichaten sOBLH af Bbsf! Bl 181180940 indiefbRREE Wil Mbsgplortd on
of netallic residues on the water substrate. Typical exanples of ‘chelating
agent s usedmdthflammohissn pilicpesaudoristieducedid aboind Oahe asintombeadmeariclohdye’ r
isoners and salts: (ethylenedinitrilo)tetraacetic acid (EDTA),

but yI enciSHitRise PECIPHARE of $p8BUPN. cycl ohexane- 1, 2- di ami net et raaceti ¢ aci d
(CyDTA), diethyl enetriam nepentaacetic acid (DETPA),

et hyl enedi dW$ $etS8t293 rtisspisen a cpragsiss! for( isjngy ax peudops )aitalipt eteadingniohaioni thatet i ¢
acid 10 (HEDTA)) N, N N . N -ethy] enedi,am net et r g( net hyl enephosphoni aci d
(EDTVP) o hutmad, i ABHBL LAY g 28 PRCoRat Ryl dhefati sgehs useful 16

1, Jpdi a@lé’&hir%‘sméa'n%&ﬁ.rmgdgﬁd}b B thi¥ clé M 2eREdsGs ?&itﬁagﬂﬂ?s-r @ substrates

met hyl i m nodi"aceti c acid, propyl enedi am netetraacetic acid,

ni t r ol otbefere thel weseneelof INEAyatedcmeral cireigts dnd isawsedrtp geraratd,a whfersurface that o,
sacchari c_aci lyceric,acid, qgxalic.,acid,. phthalic acid efic. acid)
andor | sy sl diofe fie® anfh Peuld cRcermiobrt PRtecs 18 ued of Posfersisb iy

gal | ic agledraddr QR @BHidaBbR. TRY pRY&: iVehtin, M d4au Edrakdsnéh t}ﬁﬂﬂeaﬁ}h%t&' ne.
Preferred chel ating agents are am nocarboxylic acids such as EDTA

Chel at i nyafargewitls infegtarids cigduats sprisene wehitti hhveafbeemiphptoresisttdoated, etched, and

al ggﬂ num caont ai ni n%shr sidues typically found on netal |lines and vias after
pl asma ..%{&é'ﬁ?%%as_mz} 58di tion, the pKa's for this class of chelating agents

typically include one pKa of approximately 12 which i nproves the

per f or mance e ©hdher GOBBRRIIRNS: HisFlosesk I M PHORA BYECliYRlY taiAYEsalt PRImiCof
the pr es&%fmﬁﬁ'é{%%td ﬁr}né@ychoﬂ{ﬁﬂng?&ﬁﬂepre%h?niﬁg aF@F Qr@'ﬂ!a‘i Q&h&g‘é@&&%é apfl e
organi ¢ solvents. Anong the vartous organi c Solvents suita are al cohol s,
pol yhydriexierafoze ioheed fot stepping coimpositionst ther dearnbdtyicemineron lwalérsabamtesiyh as
Nmet hyi pyrrolidi none (NVP), 1-hydraoxyal kyl -2-pyrrolidi nones such as

oy PR B TFRS S shait SOHATORE CpL BT SR WORALH PRGR GUATRSPE the

di g5t hy! jgeeet.ail eiecyiMaGn céfghm{i&f}enﬁat M@&dfdde%qef Alatl Ge VB har JEAR

sol vent s y be added to reduce al um num and/ or al um num copper all oy

and/ or coympeise ahe nsgrardratoas arfd shouldaroidl thei ewpensen did rad edrserconsequenpgser
all oy and/ or, copper corrosion inhibition is desired. Preferred

wat er - sdtUBRIPYIPsaRFEa8 ENYent s are pol yhydroxy al cohol s such as gl ycer ol
and/ or 1-hydroxyal kyl -2-pyrrolidi nones 30 such as

1-(2-hy @mg? r 70 (HEP). 10 - WD 99160448 24 Septenber
2002 PC# US99 ??89@%%%%2??3&5 of the present invention nay al so
contai n ong, pr JI0LES x')tog_tycteoit ih}sapl?ésgm irn9§ﬂt$ﬂetorﬁjgpi\églcoﬁ?3%Pgrﬁrl.?s'efd?‘qp'ﬂg: the
various titanfumFesidue Tenbval ‘enhancers that' are suitable are

hy ds oxy | mitrdrieetrbiids aubianion eleaming S¢mpendicislasafepabseaend f 1 uori de.
Preferred titaniumresidue renoval enhancers are hydroxyl amt ne and hydrogen
peroxi de. & E%o&gﬂggé&ztdf% Blent MePi&SH _ro{riB¥%Bh-}89§ti6‘E%Ythﬁ|rféﬂo?@ﬂk?a!lib any
sui t abl e wat er - sol ubl‘e arrpho?erl C, non-ionic, catidnic or anionic

sur f act aand. orpasicackhtammatiaf frons wefriaindndtomiwdfer aabstrates heitbaut f dereagiren sheon of
the fornmulation and i nprove the wetting of the surface to be cl eaned and

t her ef or BIEFARdRAIEithe cl| eani ng action of the conposition. The surfactant
may al so be added to reduce alum numcorrosion rates if further alum num
corrosi on ilnh$ anothem objectdefs theepresgntphvdngion ctosprofvidst eampositinos uhatj avoidhe
conpositions of the present inventi i.ncl ude bet ai nes and sul f obet ai nes
such as BEPRYE 3Pd RAYSTFCONSHAIGREES I??TSCEBY AHIEAIE [OFSSs 4| f obet ai nes and

am doal kyl sul f obet ai nes; am nocarboxylic acid derivatives such as

anphogl yci nat es, anphopr opi onat es, arnphodi gl yci nates, and

anphodi propi onates; i m nodi aci ds such & al koxyal kyl 1 m nodi aci ds or

al koxyal kyl i m nodi aci ds; anmi ne oxi des such as al kyl am ne ~5 oxi des and
al kyl am do al kyl am ne oxi des; fluoroal kyl sulfonates and fluorinated al kyl
anphoterics; and m xtures thereof. Preferably) the anphoteric surfactants

o . .= o . o .=




WO 991 60448 PCT/ US99/ 10876 Cationic surfactants useful, in the conposi tions
of the present invention include am ne ethoxyl ates, dialkyl di npsisebtempeni2o02

sal ts) diwbkylsmgphol i num sal ts) al kyl benzyl di met hyl anmoni g;'e.lfs,gjsﬁa §7
al kyl tri met hyl anunoni um salts, and al kyl pyridiniumsalts. Prefera ?yf t he

cationic surfactants are hal ogen-free surfactants. 5 In the preferred

enbodi nent of .the esent i nveptiaon he ¢ osition.is an.a QuUS,.SQl ution
cont ai ni ng gtbbsuta BP@Fﬁ%b Bf/:i \ﬁgi {gbﬁt plieéﬁni&a%?’ﬁ%a rﬁ?vd‘liﬁ ﬁym%f)’ﬁ%d or( ‘r’ﬁ/ﬁl‘#}g and
about 0. @dmikof@uRYorWeifeniubsGats tHat tflovas néraliOand bedanrNEsnbathiABHGfrbM such
silicate (TMAS). In another enbodi nent of the present invention, the
conposi t iSepstraiss awithoyt slensging| e ipregoated aireditsgantbeveide the 29pensy andiagherse
tetramet hﬁl anmoni um h%arroxi de 4TI\/AE% about 0.01 1 % by weight traps-(

1. 2- cycl SHERHYBAEHAHs A A BIerREHAGCESTS: acid (CyDT A), and about 0.01-1 by
wei ght (cal cul ated as 90 Si O-) tetranmethylammoniumsilicate (TMAS). In
another enbdleseeand @herahiecsy acachieVed AHNE AW ATNEOWSHATRRASIIODA TPLSEPPIBE AR OUS

200 e O" a2 B ARRM e SRURY, Wal BB She BPRIGRY HRH RGPHLALR e
traps- (1 wietushblexmdianpalifidd rsillcajel eTHeadempositiani dre( QYdodd)in abnbtt Viklal %
by ~5 weight (calculated as % Si02) tetranethylammoniumsilicate (TMAQ,
and abouscmicgnqugerpyafoesulpirate fopa ey andostya eatpstaliTg Suffisicat é¢ glsay vavented ol .

I n anot h nhodj_ne of . t he i.hvention, the conposition is an
aqueous gé %’W%H{S@E}ﬁéoéfcﬁid%’&s gﬁ%‘ﬁtﬁggﬁbfhité u‘gl Sei ght tetrrPa?r:et IhyI aln;smni um
hydr oxi de MA about 0.01 1 % by wei ght traps-| ) )

1?/2-"2:yc| oh(e}fﬂfgpﬁ@di FPI“PBW%’E%%?&&%‘E Pge gbmre(legtwgzyzfreams dissglveq inpaier 20

wei ght { gabgtigh &fndifus tobrotyide grebf ABaE DY bARRRR! ME Moli 6814 he, GPOut
0. 5- 20% by \A/el&g{%t 0 bsotf&rr\yd&gxf corrpounds,‘a% about OB%P Oo.té;%) y \A‘/’ef%ght
of a nonivwenght (eaiduieied &tB0-)aafet watensaulsde aletd uor-fred slicate.l n anot her enbodi nent
of the present invention, the conposition is an aqueous sol ution containing

about 0. 1- ZianyRuiratdé Bire rit beawsed iy tharsaRipokitiohy b thxiitheenti S ferabDQ tHe Hsdd1 25
1 % by weight traps-(1.2-cyclohexyienedinitrilo)tetraacetic acid (CyDTA),
about " 0. @ﬂﬁqﬂe@ﬁ%fr%ig@ﬁ‘tox{%al@él QHZARIC AMIPE S| TOPSt preferabi GHIEERHD AMMePIuMm
siligate - 209 by wei ght of an al kyl -p~~rrolidinone
suc?fas TQW%%?@%@E@M“@%@@. di none (HEP), preferably

1- ( 2- hydr ox\aiyhyiitable spicateahiybsiased] inHEE)-omposiasst dfahisdntantioiePrefepdbly, hite
present invention, the conposition is an aqueous solution 30 containin
about 0. 3Uisee iy splecigtht fromt AusEMAD AMBONIUM BYigresd mesy PRUeIRblya krsiamehyb1 |

% by wei K .3-cycl ohexyl enedinitrilo)tetraacetic acid (CyDTA),
about 0%?&]1&“5%3“'% © & WD 99/ 60448 24 Sept ember 2002 PCT/ LI S991 10875.

wei ght (cal cul ated as. % SifO~ t et r anet hyl amoni um si Iihcate TNAS) , %bout
0. 5- 20% by aglfgﬁﬂ}np&smgﬁs & kg?f:_%‘ﬁepgllp\tﬁr%xgﬂ oMY, ERNIAM otheér components ‘such™as
1- (2o hy dicRueidbémS- Biganiel tolssioags,( HERum aReddababinofsl OtnhAndie higems] gt of

a noni onic ethoxyl ated acetylenic diol surfactant. In a preferred
enbodi nesurfenants Chelasiog ragents \ash prederably Heessahisoamneunsh up o ahowigife dyswaght,

iy " B ROR OBt 5Bl S R T R Y
si | i cat e rés[dMOSEmB0A ealHebrs lard PRdRNbIVRFGENT iRYFHOAHE Dip RE aEVUL 30% by waigRt el

preferred enbodi ment of the present invention, the conposition is an
aqueous suifatanosare prafenabiypgessbointan®untsyn th wbows iOgivh by sterghtret hyl anr noni um
hydr oxi de (TMAH), 10 about 0.01-4% by wei ght (cal cul ated as % Si O~)
t et pamet hyl gieebinpositons caatbe usddMaS)leanahbatbmert cohtadiifrg hyegrmed bircuits or can be
hydr oxyl am ne.

Y Y used to clean substrates that do not contain integrated circuits. When integrated circuits are

present, the composition removes the contaminants without damaging the integrated circuits.

The method for cleaning semiconductor wafer substrates of the present invention
requires that the compositions of the present invention be placed in contact with a
30 semiconductor wafer substrate for a time and at a temperature sufficient to clean unwanted

contaminants and/or residues from the substrate surface. The method includes both bath and

7



In anot her enmbodi ment of the present invention, the conposition is an '
aqueous sol ution containing about 0.1-10% by wei ght tetranet hyb@@;ggw 2002
hydr oxi d , about 0.01 1 % by weight trans-(

1. 2-cycl gltéeé(g?/q%gpr?edi nitrilo)tetraacetic acid (CyDTA), aboutpﬁT/Bfggilo%sby 15
wei ght (cal culated as % Si Oz) tetranethylamoniumsilicate (TMAS) and about

1-10% b i ght hyd i I t h nbodi f th t
Fvent t SRS eiaicalind, SBIEf G sitRiratds REREE fn oM AP Fir e BRRPPRRE. oo
by wei g@h&&ﬁf@f@%ﬁ@ﬁ&ﬁﬂ&:ﬂ?@r_ﬁw% PirbettusingMiEh pudh AetiotlzEilwaike, Rd wgedht
trans- (1, 2-cycl ohexyl enedinitrilo)tetraacetic acid (CyDTA), about 0.0l -4%

by 20 weig ( : OCyy,of h lﬁm{pégl ki €nrs S)
and about ?%50%@6@8%?’3 téﬁa;udrggif);%&ﬁﬁg%{e?gﬁgnﬁ% er ng{)a |llrlr‘%an{tazﬂgat()fortgf:t}g{‘9

pr esent comumiriation. IrkuetabdyhS clelning ipfocess dehd ey damedelintegrated diraiinionahabout
0. 1-109c by wei ght tetranethyl anmoni um hydroxi de (TMAH), about 0.01 1 % by
weight twaigssupstiates. andoaveidethy exprige and adversetconsaguenses assaeipigd beyimemyediatpout
0.0l-1 %by 35 .ve\ﬁ-?h.ght. gcai CH| ated as % Si O~) tetranethylamoniumsilicate
(TMAS) , TRSESIPINTEHGBPEOT MEPSAY hydr ogen peroxide, and about 0. 01-0. 3% by
wei ght of noni oni ¢ et hoxyl ated acetvl en~c diol surfactant. In_another
enbodi ment %Qihcrt pljeets o 3BRPIEREy SARL we} tfff?éurewéotgF tATGSANt BVERHQNy $alb FECUBE ut i on
cont ai ni = 9c] L : : ni um hydr oxi de ( TMAH),
about O.aggm%gq%&)e&?ﬁ\?\glﬁ{g"ﬁeﬁzﬂf Eggg&? ?"QFI&@‘?%@% enedinitrilo)tetraacettc
acid (CyDTA)) about 0.01-4% by wei ght (calculated as ~'c Si O)

t et r aneDETANED DESERIPTHON QH WA INVENEION 20% by 13 24 Sept enber 2002
WO 99/ 60448 PCT/ US99/ 10875 wei ght hydroxyl an~ne, and about 0.01-0.3% by
weight of a‘heqﬂbmt Gnwdnbiox Previgeh aOetaghedisCcsthdsitius ffac s@ippingl or alehnihfe
enbodi ments, the bal ance of the conposition is made up with water,

pr ef er als¢RpcANdirIprUVRiEY Selsira@ghithas ¢onfineene or MOres metah iannirechbasex anp R avatére| ow,
conposi t | cont ai ni ng .enl i.ne_hase ar.e unable t roduce

o r ot 1 oRBRBRRH PRttty kiR e P et Rl es e, aalhe T EEpa, oo
circuit of eRbringTompbSitiEncdtRRing che of Mvte hikalikd inkial Yondfeedsidd BemponeAlsuk| e

silicate to the highly basic fornulations to (1 ) protect the alum num

met al i AP aFoankeufficiestio Brodyasa sdwtanspid of apoyt Hyxeregiepternprefespble fiom ahaws |ife
of ,4 hes n Siti S L f eni ~=. . nd
(o decPEELERouEBITREEid BRrlortleld SR sclitbleSeRE ORRRH  dpieh(e8
advant ages,)af abbig: 0OV esiicud 5%, plefdritdy Proasstbvut 00¥Y2ns absutage: (1 ) high
wat er content that facilitates Imediate rinsing with water w thout an

i nter medi a%e(ﬁﬁ?ﬂbsﬁﬁm& $ORT ARA B din S 1ArthgPARYE M 2 RORehirRfdH Wﬂﬁ%?@'of
corrosion and that results in negli ?I bl e carbon contam nation of the
™

subst r atabogtuPLdte to @byutr Hifac gehenallyl fram glrfuetG:01 % rivi abonia . dfurthandphena| i ng
ri sks associated with thf bise 15 ofl non-t oxi ¢ cor’rpor])ent,s l§p%c'hfi (‘Oa.H,y
avoi di nG°PRPBEIDATS WA %ee BhegRifiS VERE ALY CEREH BNy AT 8  HiaRey ©- 17 to
chag act @bbitt 80%0fgeRrhIf) aBdut BRNBOSHout B0%, URSHuiOresitlid Peridih) EnBadedsninegr at ed
circuit substrates, ( ability to renpove titani um containing residues from
i nt egr atcetceptration by swebght oh ekt 4% locabouedfer gangrably abgur)1 % empkaut B0%i ayd af

these fornul ations with sensitive lLow k dielectrig terjals, tsed,i

|t ogr avEeTeIF surtedealy SEamR I, YoERb B0k FurRL hpthl EoftEbiso and
(6) abilahbyt PH1%R6a6DSSE i ons of this invention to clean and prevent
contam nation of a wafer substrate during a post chem cal nechani cal

pol i shing (§i.vi ration d 1 N{y ol [ : S
Cer condact e SpRPREDs R yud O, FEbAACectiaibnf BE RS Ine AHERE, BE oPLERIT
t hes conpesgipoheiis, iPiny, Bfd WaeS Préfedablyanigh putith de-iGnitddvenetnd at a tenperature
sufficient to clean unwanted contanminants fromthe substrate surface.

opt i onal | Y, ApeliAIeHRE W3R st i BRADrRshRAR P tlefifeLAMROSIoOThé Balsek he
cont ami nant's "an ried to'renove any excess solvent's or rinsing agents. The
subst r ataee preferablynquaermese drintoniurh shydrixéded e shchuaspesaalk yPraensoredoh yhydtaxedeset hod
uses a bath or spray application t,o_exglgse t he subst{a

h
conposi tinsHding hhdrgxy-s g plkexyapntaging kY groups errsrally §F irtOf% £e4 £arbsp
Femer oA dhe S AR oy oF oK erbifh? B g GhereliBlepOlhegbhmMIe FARKAR are

30 tetramethyl ammonium hydroxide and trimethyl-2-hydroxyethyl ammonium hydroxide

8



24 Septenber 2002 WO 99//60448 PCTNS99/ 10875 If requireg, the rinse tines

are generally 10 seconds to ~ mnutes at roomtenperature, prebarghiemi} 2002
seconds t@okolkpligt €S at roomtenperature. Preferably de-i oryée water Is
used to rinse the substrates. If required, drying the subst (e P4 Be

acconpl i shed using any conbination of air 5 evaporation, heat, spinning, or
pressuri zed,.gas,. Th referred drying technique iis. spinnin nder

P Pt or cq CRAR) BxamPeSaf OBk RabEs AT AR MERRIGRS STONden g BEPYF 3 he
waf er supsdrh iv$ S¥oni otrihiigvids- LAY € M RRid i
effecti vgﬁfro%tpg?%gm ng oxs“-e[%‘?c nd%gtg%rEQA/af gw%%%&%%# g}é t hat hdartl\?/en &eréﬂde’

pr evi oustrimahylgehydrbxaboegy] asinedotiony e irpdrexidell K trigtiol rlpdrstyethyd peammomutnar | y
waf er sugs rates containing a silicon, silicon q(i)xi de, silicon nitride,

t ungst cniY4BHESt e FIRIPPYYZ DYArXeHyn  FTRORIPEm AVIIgyIdet artfiBnYird-hydraxystivh
allaqy, c : -l | ] al | L : : 10d
emaves pnneniat MECKE fenRLl DA M TG Dl dNaRG:
unaccept hjadrexyettyloanhmbnium hydeoxidd, merdmesiyitti(Bhydesk viehyl Sarhimesin hidroside,
tungsten, tungsten alloy, titanium titaniumalloy, tantalum tantalum
al l oy, cBppehy mapm%yénomﬁ tegraprAPKL AmBIen Y AiYATPHdg) tesTabREY] rAmnFeRiuMm

follow n les il t i £l nbodi ment .of .the |nventi.on
descri b FEAER: SRabmeitShi R dBuPRTEL g En T Rebi e Ryl rArE S
various mydbgas, ahehormetyitibatyl osamanRmagatdXide, aﬁﬁn@étglﬁrﬁﬂ%gﬂmﬁﬁrﬁ&i%t hi n
the scope of the invention described. EXPERI MENTAL P DURES 20 The
peri@ent afedoxjdeanonasthyiiabetyh ppmesivm sydroxide djmethyldieshy apmeniupehydsexide.ni se.

Th i t : i i d th t t al
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was prepared with 0.3 wei ght percent tetranethyl amoni um hydroxide (TMAH))
0.1 wei ghmineprapyhimorphafine. ( 1.2-diaminotydieheyinen ads(Atamindett) yl armine c 2meathydi &

e i T
(cal cul abegodssinde $hf)2d1sd 8t lopbmitite | RIARNMAM Préeirt £ BEQuéTMR: Rrider fE@pRi nder
of this solution being water) and has a pH of about 1' '.?. Aqueous

sol9t i onmeR! oppwminationrtbat eduwld cgcy. Wikgias pfethesmpddidenad mbtabipe aommenemis.

hydr oxi deg_ (.T 0. 1. wejght_ .percen . ] : .

(Y aper ( 1PIEGHAh avgioBindih A B o e Afcremerionsd ey AT o M g
percent gfe diddqisg@n-i oni ¢ surfactant Surfynol-465 (renmainder of this

sol ution being water) and has a pH of about 12.7. Aqueous solution "C' was
prepared w , | ght . pet.cent; i i , 0.1
wei ght per cbﬂ? %ng%é‘ﬁi(@?, XS)B?@% g Ké%([ﬁ%ﬁg%lt Elégtdl’l I o@t%?]rﬂggt@%ﬁ%((??ggé pé?tc%/tDTA) ,
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wei ght percent (cal cul ated a5 ai c SiQz) tetranethyl ammoni um silj caég ( TMAS)
addad (r SREIRHER sihfatg Gneliding Syfrexyvindidiaxy-cRBiRENNE kY SRAps £eptialdy ohisewi
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1, 2- cycl otrepoteanadiethamethliogminehinansiitite @hedsuiGyPTéglal dndreevsligid s@ecesent
of the nonionic surfactant Surfynol~65 (remainder of this solution being
wat er) affl higsin¥ension gpayabroganetaidsd inafiivdydissobying pon oneor Jgee Bt isdrdawiniet h

0.1 weig C . : i 0X ] - '
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Aqueous solution "F' was prepared with 0.08 wei ght percent

t et ramet hyl anmoni um hydr oxi de (TMAH)) 0.1 wei ght percent 25 traps-(

1, 2-cycl ohexyl enedinitril o)tetraacetic_acid (CyDTA), 0.07 wei ght percent
of the non ionic surfactant Surfynol =165 (remai nder of this solution being
wat er) and has a pH of about 10.9. Wafer # 1 sanples with one mcron w de
features and Al um num Copper raised |lines capped with titaniumnitride,
that had been previously prepared as follows: (a) netallization with



M croscope (SEM to determ ne the extent of cleaning and/ or corrosion of

the al um num copper netal features. The results are shown in T3 SeptemBaidon2
1: SEM Ewad vaibdsgn Resul ts ~Sol uti onWei ght P 99/10875
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(remai nder of this solution being water) and has a pH of about 13.6.
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Aqueous solution " re ared with 9 wei ght percent

t et r anet Fpicalmdntludn ﬁpmgf fle 2PRTRAFYately. @wl’gﬁvpfﬁé%éhﬁ performaggss of the
1, 2;5,cycl Q&E@ghm? p] veIgg))%etraacetl c acid (CyDTA), 0.06 weight percent of

t he noni onit sur nol - 465 and 0. 70 wei ght percent (cal cul ated as
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(CyDTA), p@lyh)\sirm ghlcobais.ceglycals. t Bacalonethersi c abuyH-pyelidinomsar fspeipl 246-Nand
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t he non-ionic surfactant SurfSnol -46~ and ercent cuI at ed
b6 9% 91 PTG A A AP ARRFT (SO RS T 4B Atk Srite

sol ution ' r=Yol] o was
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(CyDTA), 0.06 weig ent of the non-ionic surfactant Surfynol-46~ and
Q 2¥ wei gmhaﬁér(ééw@rwaqhwmﬁw idwoys §IBR) t et ranet hyl amontum silicate

(1' MAS) added (remai nder of this solution being water) and 18 wo 99i 6o0a4s
1 24 Septenber 2002 PCT/US99/10875 has a pH of about 13.4. Aqueous sol ution
"S" was prepared with 2.0 weight percent tetranethylanmoni um hydroxide
(TMAH), 0.1 weight percent trans-(1,2cyclohexylenedinitrilo)tetraacetic
acid (CyDTA), 0.07 weight percent of tHhH&® non-ionic surfactant Surfynoi-465
and 0.19 wei ght percent (calculated as % Si O-) 5 tetranethyl amontum
silicate (TMAS) added (renminder of this solution being water) and has a pH
of about |3.4. Aqueous solution "T" was prepared with 0 1 wei ght _percent



% Si O~) pHTi me (m n.) Ternp.r (C) Post - Ash Resi due Renoved.( % ) Al um num Met al
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to prevent or noderate the corrosion of the alum numfeatures that
acconpanthassarexspicahie @ret bydroxdemiriek dlydrosyleoling sdtss paratidshowzaneaand: flaonigst i num
pH range, for the solutions of th resen |ication,ig about 11 to 13.
el o PGB RL SR moval qlbaRisToe Puron e S Riiken PPt

t et ranmet hyl ammoni um hydr oxi de (TMAH). 0.1 wejght percent trans-(

1. 23 cycl ohdXy Icendasitons: o] By PeaseplaiddentionaBay afsg confain anyspitgblet wapesoludo2 WO

99/ 6044 JS99/ 1.0875_ (.Cy.DTA).. 0,0 j : -4 ONj§

our ot ATPTREHE o Ipnik el P picbic (irtSE AL TR EHARR ofp shilfeedlf N1 BB

t et r ametrhey buEE® Bndith f lthe Afr@n(afivhahd 3M@rove WRe HekrindesfB sughdkcs el cladeed
with the remai nder of this solution being water. Kqueous solution "J" was

pr epar edndithdrefore3imprpyehthepdeaning actionr efntbe repimposition uFhe yerfassand enayTalsd beH) |
0. 09 i_ght t, 5.t -(1,2- h | dinitrilo)t ti id
LTS S S e

wei ght percent (calculated as_% Si Q~) tetranethy] gnmonium silicate (TMAS)
and’6 wei gHMBROFEENBUTERCIAREST BIETHd e fPOnFRTRPRSIECTS e iin HIFd BTSN INKETSIOR Gipeiion

bei ng : ' e : b [
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non-ionic piurfa_ct ant Sur;gnol -46~. 0.12 wei ght percent (calculated as Cc
Si O-) t SPPARCRIPP&RToAPRRYUSIYFiIRAES EILUPPRAIPTPBICRBIE niMNOHRENE $HCBt ARSI ene

glycol (GReRapddeflndlildiad B aiRIPARAMiAbARALS Sfind!dxRks ABEN G MR faming 8! ef
# 1 sanples"wth one mcron w eat ures and al um num copper r i sed Ti nes
capped wixides tandaaikyhmidd rallgiamineat oXidad; Htemozik @y sulfomiayes pandp flnednaasi fatkyl ows:
s 5 (a) netallization with al ym num copper alloy followed by titanium
nitride E‘PT?}‘O‘ICP‘E%GQ?HB’W?S %%rni ng using a photoresist material (c)
pattern transfer using reactive ion etching (d) oxygen plasma aching to
renove or gamieraplethsy agphateric sudRsants pigr CQCOARRGRRTRYT RENHNE, 6P¢PARIdOPFARY dues

behi nd e eval er ce .t he si i : r-
sanpl e ﬁ’é‘g‘lﬁ?‘gcg&{aﬁ‘ﬁ' t ?\nggagrﬁs{’é}gﬁﬂ at ngr%ggc ?lfo?{al : 20‘:§ %"ly?\{%k@é?d? @#\é@tg@f
rinsed wiotduntdodiprobivate Wat @cofiplupdopionaee] Wicobogmpstmhydroxyethydi t progivnagas.
After dr~~ing, the sanple was inspected on a Scanning El ectron M craoscope
(SER) t dSUEERPX¥PFRPYHMEN G HPEIPIOTHE a81de AAMrYiminAddiBioPIBaico §Pe4MifOPFRylamine

al um numge¢ r : I I hown in Table 3. 21 WO

99/ 6044?%3&6?‘;%@3 %@é&l{g@%@gﬁ@g@gkﬁgﬁgﬁﬁ SEM Eval uat i on

(I):/Q()e Eg lst _Siglhlﬁzglé%?)g{c}ggurgamarﬁts) Isei‘e%' irg %cs Oclo\xﬁ'x%%giﬁghgl eor}t thgogrtéseem i‘lye\tf'lltigrrl] tincludc:
acetyienic diols, ethoxvlated acetylenic diols, fluorinated alkyl alkoxylates, fluorinated

alkylesters, fluorinated polyoxyethylene alkanols, aliphatic acid esters of polyhydric alcohols,
25 polyoxyethylene monoalkyl ethers, polyoxyethylene diols, siloxane type surfactants, and
alkylene glycol monoalkyl ethers. Preferably, the non-ionic surfactants are acetylenic diols or

ethoxylated acetylenic diols.

Anionic surfactants useful in the compositions of the present invention include
carboxylates, N-acylsarcosinates, sulfonates, sulfates, and mono and diesters of
30 orthophosphoric acid such as decyl phosphate. Preferably, the anionic surfactants are metal-

free surfactants.
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wat er - sol ubl e organi c solvent on the ability to prevent or noderate the
corrosion of the alum num features that acconpani es exposure .tqQ al kaline

sol uti ons deationiqsustactamaisaid in |the, SmpASEIQng £ the, EreseniilRYehHoBfingjude amine

wat er - sal.uhl ol veni. th Ltlons t he i ion ows
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wei ght percent tetranethyl anmoni um hydroxide (TMAH), 0.1 wei ght percent

t r ans- ( 1sajts.Fyeferahlyx fHecationin surfadtags ae halgeen-free swfagtapy DTA) ) 0. 07 wei ght
percent of the non-ionic surfactant Surfynol-465, 0.14 weight percent to
(cabcul at ednahe Yréfertg etndbddiarent lof tizenpreednt inedntion athe cofigaSijionrisl a8 ageeqyist

percent glycerol added with the remainder of this solution hei ter,.
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had beertSAGPEI bPuPBhElchEyRENR% SO St RRRRL Bl (ASE Pase

al um num caopper .foll db fti tanium.nitride gb) coated.with silicon. oxide
di el ect 11 ¢ NEPAET SmERURMERLP! B8 FeseHd YRt Mo COPPPTb i ARG BN ng
of vial u3tdging aBHRIPI-88 3 g%}rﬁrtét?émegtlﬁ&)laxﬂﬁnfohﬁw hidranal erMAHY, Rsodi@drCctric

| ayer using a feactive ion Ing (e) ‘oxygen plasnma aching to renpove nost
of 10he rE&ibyuwadigiphmne( b3icgtlphdnylenedinitrilojteradcatiy adia CYARAL 2ndsbaludDlbERi nd.
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(vi ol ) L UIgH G BIBE 4 B Ao ABR M SO AN Shpper motal at the
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al umi num coBFEPthepFMBYRIECRY Ok the HREsERE IAYENtIoR cthe FPMPRHEAH ISAN: 39USPYS BRI de

vias 1 tEbp ana A Te R e Rrishlse) BB MOV RN 08, O
mat er i al 1%ty weightedhst(l 2R3tRhek yiedddtnimhl@tetehdetic derly@yDTH)nabout Oddel% \by i on
etching (e) oxygen plasnma asking to renove nopst t he resi

f dual
phaf or osVEEht (SHEREA A fy Sif MAATGH HBRPBISFLS here TNAR. fad 24918 96520 es
wer e ”Se‘gei%ﬁte&@m??ﬁﬁgﬁm%‘?@%f%@%gaﬁ)b‘l’%lngl-SO' utions. A wafer sanple was

pl aced in m nutes, renoved) 5 rinsed with

de-ioni zed ter, and,dr.ied with pressurized npitrogen.gas. drvi.png, the
sanpl e cros -@8&?8“’88‘1’5}? ‘%%’ﬁ P?%%Bte’gf' 106n'"s 8 ﬁﬂpﬁrblséné%&(ﬁgéu ﬁl%:t{rz%scdpe
(SEM t ocod@difingiaBButt i18-26X be Weifht wlr@aRhemavaie ho@oxias (DM AH), tabeutf®at-ur es.
The results are shown in Table 4. Table 4: SEM Eval uati on

Resul t s Sty weighintpans-@Rrewsioher vienepinissiloamearsjiccacisi (CobiAonabquidiijnt% by

ChrPosi SRETOBOBTENE ot cive b ERS RO Tl TS B0 by
Referri n@eﬁgfhe dfadivhyddoxylicbpdahds, shdaboube.0adyIm thggasghobf & ReniefidietionMlacdd a

wat er - sol u o
acetylenic diol surfactant.

In another embodiment of the present invention, the composition is an aqueous solution

containing about 0.1-2% by weight tetramethylammonium hydroxide (TMAH), about 0.01-

25 1% by weight trans-(1.2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), about 0.01-1% by

weight (calculated as % SiO,) tetramethylammonium silicate (TMAS), and about 0.5-20% by

weight of an alkyl-pyvrrolidinone such as 1-(2-hydroxyethyl)-2-pyrrolidinone (HEP),
preferably 1-(2-hydroxvethyl)-2-pyrrolidinone (HEP).

In another embodiment of the present invention, the composition is an agueous solution
30 containing about 0.1-2% by weight tetramethylammonium hydroxide (TMAH), about 0.01-
1% by weight trans-(1.2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), about 0.01-1% by
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organi ¢ solvent on the dbl.lity to prevent or noderate the corrosion of the

al um num features that acconpanies exposure to al kaline sol uti easeptember 2002
cont ai ni Qg Jdhgygand i1l ustrate that the addition of a wat eé-i uglw%sol vent
to the conpositions of the present invention allows the cl 4 6/ Yi as

wi t hout corrosion of netal at the base of the via. Exanple 5 Wafer #1 and
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Resul t sSol uti onSanpl e #Ti meTenp. Post - AShAl um num

#T np As o
MVetl@l ( miaRoyy & % yuweishy (Galcelamdias e 8102 usrimehyemmoniuss silicats (EMAS) 2nd ven-~
slisht) 14 L, JOA5] 002(very slieht)L115451002(very
slight) lf%@é%%%?‘wgrﬁk‘%%&i@ 51003(sli ht)L1~651003(slight) Table 5C
f,b'ﬂ\"alE‘(’ﬁl' ﬁaglb %Eﬂggrlscgﬁ%qsdjrﬁ%rﬁgqlfgﬁ Sar:%%)‘ng ﬁw&%ﬁg Fgﬁéésmo%si@%ﬂn%@ué‘o‘ﬁ?solmion
Loss) A4Jo‘5ﬂnlaﬂrm0£s{bﬁeomomz\6%&2£ Qdataedihylanhaiund Q3080 ¢BURIH), about 0.01-
ht) A415201 0010(1i ht)A4?020100h~~~~ ~( g t) 24 1 - WD 99/60448 24
Sept embée® @Mo*zngbcrvm@bl-m@v&:w@s@mtobg@(mcem prid 3690780, 140eps 0.01-1% by
ht ),A453 ( [ | i e i I ~A SB
oS, riemyLatags o9 ok O ARt Edhu Mlealf RS Cohd BRI 9 hoce
f or mul atweigis hpotogempérbxigsol ution "L") and without (solution "A") the
addition of a water-soluble organic solvent. A conparison of Tables SB and
SC al so i | Ilnshétresmbdiatherdtd (Relfekdr? in@intion Wak @6mBEYitidY i§ a8rgastus sslativent

(solution "L") further inproves 5 the process |atitude b_}/ decr easi n% t he
al um nurfCREIMNE almut Osi-0% hweight surameiliammenigay hysrerdés TMAKDs abawt Ol gher

t enper at o i i [, I | t t

For ml ath oy (i dBRKTL 2gvap g RLRAB SaB O X' YRR A3 ABM by

cl eani ngvdighesiatiaes a9fg: 630, \WegatieBflamntonl@i | sdlichfe, (TMA ShhmhatitRt 01208Nbe

sol vent was added, nore than 4% corrosion was observed with cleaning tinmes
great er Weigh hydronylaoness. The data also to illustrate the considerable
process |atitude obtained with the conpositions of this invention and show
t hat proceds ahethér eraleodimentod the prehent invasrion.clbic sgmpordticididianiagneays selptiponal

vat er SOclolrjlpalmemgS a lo\ﬁ? BFEIO% by weight tetramethylammonium hydroxide (TMAH), about 0.01-

1% by weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), about 0.01-1% by
25 weight (calculated as % SiO») tetramethylammonium silicate (TMAS), about 1-10% by
weight hydrogen peroxide, and about 0.01-0.3% by weight of a nonionic ethoxylated

acetylenic diol surfactant.

In another embodiment of the present invention, the composition is an aqueous solution
containing about 0.1-9% by weight tetramethylammonium hydroxide (TMAH), about 0.01-
30 1% by weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), about 0.01-4% by

weight (calculated as <¢ SiO,) tetramethylammonium silicate (TMAS), about 1-20% by

13



Exanpl e 6 Aqueous solution “'V' was prepared with 0.3 wei ght percent .
t et ranet hyl ammoni um 15 hydr oxi de (TMAH), 0.07 wei ght percent o 4t§é‘étember200
non-i oni Wé&wc{oﬂ tant Surfynol -465, and 0. 14 wei ght percent (calcul ated as %
Si 0-) teframetnyl ammoni umsilicate (TMAS) added with the rBHEUSEEI®EY this
sol ution being water. Aqueous solution "W' was prepared with 0.6 wei ght
percent tetranet hyl anmoni um hydroxi de (TMAH), 0.3 weight percent traps-(1,2
cycl ohexYrigheldipdamay: andr have Pi0d -G bYW stf) 2 nomqnigsthepylaiedraceiytensst ¢ he
non- i onicé,1 ?@5’?‘?{ ﬁgct ant Surfvnol -46~, and 0. 14 wei ght percent (,calcul ated
as % Si )0 A thyl ammonium silicate (TMAS ) added with the remai nder of

this solutigon,bein ter. Agqueous solution "X' was prepared with 0.
wel ght _per B Pe PLRBETRY sa AT FoHF SePReitonARadi GPETIE Malte el
traps-( 1hi%h?y§tlycgg%mlzg@@,ggeﬂi trilo)tetraacetic acid (CyDTA), 0.07 weight
percent o he non-1onic surfactant Surfynol -465, and 0.14 wei ght 25

LR tho r canel s Fldnatty beiobs ELARRIHRERR YL LRl e RUnESaS0 o e

m cron warkhlef 10 ot efagtivéTieandrl &bk Qnihei! c2Pfddinlh AueAAGB Mkl ibie@Ael0875
Al um num Copper raised |ines capped with titaniumnitride. that had been

pr evi oustifcugrfeparesdThassexamplesvalso show wetusiliry ofaadding sbelnblalsilisarumtbohighly
alloy followed by .titanijum t "' nitride Lithoagraphic .patternin sin
o ohat o s penbod 7§ Brosker the RUIHRHE rlerd julek B GRS R EERNAY B 0F
oxygen péasiieh@shlufish bath 1iEBMBe R JRbCcatPsRIoRS be bilie &8 bifesng PKla, 2 1183Vi NY

mai nl'y inorganic residues behind, were used to eval uate the perfornance of
t heOsol uandof¥. decrenst ethe sdliqeine digaideptiigleetdici exch hrates chdditional ;advagages « ther 5

m nut es, renoved, rinsed with de-iaqni wat er and dri,ed wi.th pressurjzed
ni t r ogenYRROSIUANE of th DRESRIN TRYFRTQN, arfy iﬁ\?\yﬁ\é\ﬁiwﬁéﬂe‘:@f’%{ bﬁqﬁacggﬁtﬁ PREE®¥ct r on
M cr oscopgsitShih hatedebRidth e Ift@nRufaRNsubh 28 iesptbpdoRNHARS t&?i’e"v@rﬁi puat-of
the al um num copper netal features. The results are shown in Table 6. Table
6: SEM Enigdnizg merel Remodion Syl that mstitsna negligibleTearpon ¢apyanyinaiorCointhe substrigi ght

% Post - Ash, Residue R %) Vi a- base Al uni tal, CorrosionVs210
L DononeseHeE5 8] ERETRE T Bty rasuagerad S BAbYEE BusometRt MBS beng o
Tablse 6,oftm-t@]§ffc%ogfp@ﬁéﬂt§‘§}5ccﬂﬁmy N&&iﬁgiﬁﬁgclﬁﬁr\fo%iﬁ@&%@nie@&vbﬂs,@hﬁ%ké&ﬂﬂ: over

a wi de range of CyDTA concentrati ons. the amount of chel ating agent

present yamehchardfesstindof priat eonemapassionhasehiplstip and clegh daisgrated\pirauit
difficult  sanple Lpequire thig optional.ingredient .to acconplish, .
conpl et esucgjls%%g ’né)n%vig{ydg 39S ﬁnlapnﬁgm[ rcgﬁl‘@"? rgﬂglfe(%nanhs"%w%ﬁggg %‘ﬁ%‘lnati ng

agent i nsybsgatePAPRS tengaaﬁatﬂkﬁths&elpmﬁlﬁy f thedze E¥@idAationé wieh Sbisive Gbwitki on
"Y' was prepared with 0.4 weight percent_tetranmethyl anmoni um hydr oxi de
(TMAH) ) diclecipisirgaerige peadrin integnated(circpits () eompatibdine dpwiateh aiest with sapReri ¢

aci.d {CyDIA., .and 0,14 wetaht. pe t. (cal %, Sl o
retPanet M1 naBLA B ORRBRORME b Rofito RIeE oA ardEhibuagnyignet =

sol ut i onwhRl BhsWaleurin¥@p8ét chémianpeamnivhl folRAR2O0MP)pertish.de features and
Al um num Copper raised |ines capped with titaniumnitride, that had been

g{ le\(;;ousl Y PRERRIRY @Shd PlebéiSnvendn BRAR dehAd@mndBtioivhfdr ShBitHaRYBY CRPRET:
the contaminated substrate to the compositions of the present invention for a time and at a
temperature sufficient to clean unwanted contaminants from the substrate surface. Optionally,

25 the substrate is rinsed to remove the composition and the contaminants and dried to remove

any excess solvents or rinsing agents. The substrate can then be used for its intended purpose.

Preferably, the method uses a bath or spray application to expose the substrate to the
composition. Bath or spray cleaning times are generally 1 minute to 30 minutes, preferably 5
munutes to 20 minutes. Bath or spray cleaning temperatures are generally 10°C to 85°C,

30 preferably 20°C to 45°C.
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fol | oved by titaniumnitride (b) lithographic patterning using a
phot oresi st material (c) pattern transfer using reactive ton eté&"?%erﬁs’érzooz

oxygen plweweeslki N0 to renove organi ¢ photoresist resi due§,c.‘l&ly§99 ying
mai nl'y inorgani c residues behind, were used to eval uate the pertornmanhce 26

| ;. 24 Septenber 2002 WD 99/ 60448 PCTI US99/ 10875 of the solutions. A wafer
sanpl e was aced jn the solution at 20-21 C for 5 ninute removed. rinsed
W th der ont B v Higy GPPoe oty i derondtlp prEPRRL AT et SR

dryi ng, GhGeraBfE0SeYERIs B 3RRIMLES aPbofh éﬁ@e&m}a_ e et P Be-MriZeassanes uS&M) to
determ ne the éxtent of cleaning andlor Corrosion of the al um num copper

met al f e&t onsesthe Tubstratesul ts are shown in 5 Table 7. Table 7: SEM Eval uation
Resul t sSol uti onTi meTenp. Sur f act ant Past - AshVi a- base(m n. ) (C) Sur f ynol - 46SResi
dueAl um numifVedgalrend9inc RAETVBElrAd/ L&D b QstdifMbed ikin¥oany combination of air-

) A5200. 07100noneY5210 Q'Gr]one Referring to Table 7. the data show that good

st ri%ppi n§vViRrftionnhersespipmnHeoropessinzed gasr Tho prafersad emingt welniqurcisr poniRE a

ot i onal unLa b REEIEr:ohF IHF: M thsdhudelf B PREAE B GRF pbll MRl bite )

8 St andaigldipat hs were used to perform open bath aging experinments on two
different formulations. The first bath was run at roomtenperature for
24.7S hours maad, Ly 5@&9\%‘% DAY BvédRidn & Derl, Qe e for QQHﬁxﬁg%&m@ﬁlﬁYﬁf@ﬁc# 4
sanples with one mcron de fearures and Al um num Coppér raise i nes
capped wistibstiatels aghit fave bedndrevidualy toagel easmpy asliedus| yenmprve pbulk dphasorésidt] ows:
(al nmetallization with al um num cqopper alloy followed by titanium 15

ni t 19 de @EBIUCk|aflNonaiah ERRSURIES tCOPHITRE dsTibiepna SHIFER 9*dds, SiliGent Ritmdg tyngpten,
pattern e Si .react| i e i y 8?&:':- 0
renove o&%ﬁ%& %)]ho tcgi?%ns"iqrgt %Edélgﬁu%@?" a&tml lﬂga\(/?%\aégﬁa?n y%ﬁgrgacn C rn%]s?&dues
behi nd) whkmanusedr tiangemah wlloe filhe Trer methodnemouds tinearsal uieradiis and\ ongenér

sanple was placed in the bath at 20C or 45C for 10 rr,'}_nut eﬁ, rem)vedi, ri nsed
Wi th de- CORPTRRENERN [dOShBP FRH SoUIRACER AR TR IORdA thT FiHEk fLIgRR OXjdet Fricon
drying, tf | IRReg it4hi L NGnEhee M GNIGE CBpfer( SEM
to deter%hﬁgé’?ﬁgéﬁiﬁgﬁqﬁ%f] %ﬁghﬁfaﬁgnggﬁ%gﬁﬁ?@r%bgpon St the Al u%ﬁnuﬁﬁeéépper
met &8 f eabppezalioy Rtumiasmldr ahemisumhtdonfilon Tabl e 8. 27 24 Sept enber 2002 WO
99/ 60448 PCTNS99/ 10875 Tabl e 8: SEA4 Eval uati on Resul t sSol uti onQpen Bat h
(Aog/()eAl( Hour s) Schr/bl;ub{l&an X arples Mudtritd eieDspetiB) Rafbodittdht BetedheenBonaessibed in

um num Met a .
Cor r osi onlng Becumenr0As Kveuitkhe aprrsan (o sidlierd atisgre Vaious Fhauss Gof srreifations; . 910
45100none_Ref-erring .to Tabl e’ t. j.Ls. of silicate
bufferi ng"%ﬁ?ﬁg’r‘?{f aé’)%taé%%oé' r%&? ﬁ%é‘;‘{g‘g“e‘ﬁ?%%tp Egg‘éﬁcﬁg%é’? 8’@%‘%#]§%%m t enperature
and at an el evated tenperature. No change in

EXPERIMENTAL PROCEDURES

[L.

20 The percentages given in the examples are by weight unless specified otherwise. The
amount of aluminum metal corrosion is expressed as both percent metal loss and as a general
corrosion remark. The general corrosion remarks given are very slight, slight, light, moderate
and severe. A small amount of aluminum corrosion considered to be within acceptable limits
were assigned very slight or slight. Light, moderate or severe corrosion were considered to be

25 unacceptable. All cleaning and corrosion data entries generated using the Scanning Electron
Microscope (SEM) or Field Emission Scanning Electron Microscope (FE-SEM) was based on
a visual interpretation of differences between untreated and treated samples from the same

wafer.



Stri ppi ng performance occurred during this aging period. The data al so
illustrate the insensitivity to aging of t he conpositions of tgh%;ptembeﬁZOOZ

i-nvent i oRo JoXakde! € 9 Aqueous solution "' Al" was prepared w
percent tetramethyl anmoni um hydroxide (TMAH) and 0. 14 wei %&’8 ?%mﬁ

(cal cul ated as % Si 0=) tetranethyl ammnl um silicate (TMAS) added with the
remai nder of this solution being I ution pH =12.3). Aqueous
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(cal cul hydsaxide (&% ):)0ﬂewmhbtm;qcammnmthclpb@xyéen@dmajom@rmnw ackd t he

remai nd sol ution beln wat er . tlon H 3
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sol ution "B2" was prepaged with 0.30 wei ght percent tgtranethyl ammoni um
0. 10 wei ght percent traps-(
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WO 991 60448 24 Sept enber 2002 PCT/ US99/ 10875 prepared with 0.36 wei ght
percent nethyltriethyl ammoni um hydroxi de (MIEAH) and 0.14 weig S 5%{2002
(-cal cul atwe gagod4sSi O~) tetranmet hyl ammonium silicate (TMAS) o t he
remai nder of this solution being water (solution pH = 12.3). Each solution
was placed into a 125 m gl ass bottle) | oosely capped and placed into a

oven set 458 . . , 0 re
al um numt?‘éls I?P"(':((): %(E))P] o Q&%@We@c\%ﬁ% aé‘gg] éﬁéﬁ&%?}ﬁ‘?ﬁgﬁ@ %é?eaﬁeé%%nﬁoe{]n
anal yti cdbnibalserfastant AfSuefynoRechoatid of.14r eelphat pegemaqbalsclateti @ was Si@foved

fromthe oven and the alum numfoil coupon was then placed into the bottle,
| cosel y reirangindememenium sdisarenddA$nadded ieemainder ofifthie solutien theing water) #odt
45C, the tt SuI d.fromthe oven.,,The al um num coupon .was renmpved,
nnsed w tRovpEy OF BppfioRLE” APt v "V, st ReR WS o Ve B e o
on af anatyirdlaboafee- RY@okRkat (MRATD! r 090N adi geedlet efrilsag - by
wei ght | oss. Tl??‘earesul ts arg&[ghown i(n '/Iiggl e 11. Tabllgﬁl\iv:eﬁeAl um nljmsggl I

Et ch Rat eydohgxytdnsdiniStdstraanepitiBaid (TePTa)AGRMtweaight Basreemdade dhg \Wengbtic
% Rel ative u

i i Rat eC ) )
o s Bk el 3 e peroens tealgutateds as TSI teirAmethEATIRENIYM 3
AFD. 362. 41RaATMAS) baicTaRhfuihder cf i SibrP e Uit 1iPhast G SBbur B

ion-free bases may be substituted for TMAH to gi ve enhanced al um num
et chi ng réquesus Isobitieas&N" aiasi prepared ohitingl.p atvesghar persmtreteiramsthpleientiim

nokal’ afSRicKit: BB ADGoREE PAEE 1T UhResHONPY LRI PAA: RHE
data al sQchbirist bakewkide: Pér‘éexﬂfofnﬁxfz g't)f\liBQFfsru?ﬁc@htk%ff 1&@5%%%?&659%&

varied structures to obtafn a desir e alumnumetching rate for

conposi t iperceni (akentasd defebin,) Eranmpthglafiindd e cdiiscasso( TNIASH addal” (resasinger eypar ed
with 0.14 wei %ht percent tetranethyl amoni um 30 hydroxi de (TMAH) added wth
the renai'fi§sPUgen dgIng %Fat%nemaséiﬁiboww 1850 ARUERH JPlpLon] ) 3Vas prepsd s

sol uti on w;P3" r i ; e ) : el
Pyl oxt Ao g 0 VaER JRERE Hettirhctlarimiolflnd Ryar@SIaE S AR 95" et pABRRkH
t et A& netttapb-ehPropilohesgidnedimitel QR traadetic acid4CIOTAOMDASE VPR peV@nO of GR4uH-

PCTNS99/ 10875 MAS ded Wi h i nd f hi | i bej )
ol L1 on 1T 2 st AEBEREED) s GhT0 Deiaths PHRERarCacHRER 252 et
percent tekinadiRd TR s iR YA VXS Paded '\@Fﬁajﬁdlq o%-u%s\efstua)m bERECRAEr) and

(calcul ated as % Si O~) tetranethyi anmonium silicate (TMAS) add&d with the
r emai nderhasfa pHi sf sbbutt i1843. bejueguswvatletion $BI' Wwasoprepeied Wih 6).9 wjgleopercént

solution "D4" s prepared with 1.8 i ght percent tetranethyl anmoni :
i oxi Q4SRN SRIOnETD Wb R er (VAL al Sibat cueigls o mreety - rans-(l3-
t et pamet ftghl;emwmnlémnﬁﬁhd)&%sceﬁlw&% (%‘%@%&)Wd.d% twégﬁtepgﬁé}ﬁ%f Qe tldhSonic

sol ution being 'water (solution pH = Each soflut was placed into a
12S m glsadactanst t Serfyhadekdd| y andipdbi#t aviglitacpercemt o(calcolatad ses o 450Hor

GRS NN R AR R N A RS
one hour 1k PHE of about 13.3. Aqueous solution “Q” was prepared with 2.0 weight percent
tetramethylammonium  hydroxide @ (TMAH), 0.1 weight percent trans-(1,2-

25 cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.06 weight percent of the non-ionic
surfactant  Surfynol-465 and 045 weight percent (calculated as % SiOj)
tetramethylammonium silicate (TMAS) added (remainder of this solution being water) and
has a pH of about 13.3. Agqueous solution “R” was prepared with 2.0 weight percent
tetramethylammonium  hydroxide (TMAH), 0.1 weight  percent  trans-(1,2-

30 cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.06 weight percent of the non-ionic
surfactant  Surfynol-465 and 0.28 weight percent (calculated as % SiO,)

tetramethylammonium silicate (TMAS) added (remainder of this solution being water) and
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heati ng each solution wgs*renoved fromthe oven and thg al um num foi l

coupon was then placed into the bottle, |oosely re-capped and l@h

i-nto the wydeosagt er one hour at about 45C) the bottle was &?mggéﬁ%ge omt

oven. The al um num coupon was renoved, rinsed with water, F

acetone rinse, dried and then wei ghed on an anal ytical 15 bal ance. The

rel ativepgo n, d:y 0 e I re
%I 3 1&} &P%E)I 3. 12,&8%%5 ?‘stE‘uB o E\é?ﬁ%{éd %fh J0Cwhight pkeft

shown i n um num 0| I

Conpar i senafethylanangiias e HslsiﬁﬂndeAnD(m‘MAbm ~ OVAS wegled (paddeght Yams(1,2-
Si O)Rel ative Al um num Corrosion Rate

112. 3Tmm1®zwﬂemmonma%mfgdammﬁ)scﬂ Bh3¥sight FeIGRRD OB FhRAWIPNIEY t 0
Table 13, 0Gafale BRBNIANALAENG 16 ey At LAl FafhldER! sl 0n2 563
ion-free basic so onlnhl rts t eco I oSt on of umnumrretal

i1 sstr ateeramb@ylstn®fium sikdabd (TMASH h8dedSirérhaindes, ofaﬁdedhmibn\/aemoowazer) and
concentrati onsfl to obtain a desirable alum numetching rate for 20 the
conposi t hasng phhvafnatmat Hér-”el-‘i‘anﬂER%lﬁplueouS TAqWéS)LWSCMduWiIbnO 1 pveighapengenspar ed

th 0.? h t tet t d do
&l ght pé &‘ tai’ﬁ%’ﬁ\%ﬁt eopegréa ’t r a %/h;/"f%él enlﬁfﬁ‘f‘a‘g@ ?rigts-(IJZ-
Sept enbeéycmgﬂené&?ﬁn&%ﬁ@ﬂ‘&&eﬁ’@ﬂcﬁssé@&li@ﬁY50%)'7| weehe p@fEM‘PtS)of alﬂ&'%n%ﬁx@ the

remai nder” of this solution being watef (solution pH 2.2). Agqueous
sol uti onsurmfanmesquﬁyepla‘#@d wnd h @022 weighht Rﬁmem(cﬁleﬂataﬁiretdsyl FrmSidaim

oo eyp b oty Sk (PTASS Rage Grgandir it R o lRioR veiecwrted e

with thehz{seH%H'dcﬁT alSHutth"S Al %uéoxbeungwww afeBOWithi O WElght derednt) -

Aqueous solution "E3" was prepared with 0.20 wei ght per cent
t et r anet WﬁmtﬁrytammomumnydrkMrmdﬁ( TMQFMAI*B 130.\hei gheigiper qeemeen caltrauﬂ-@t?ed as

% Si O~ |
U bty SR R R Rertbatic Pt ST AT 10,67 sl sfi obfihe it 8B or

bei ng watififactan0! WurRoRkb5 hdd 2)0.07A0 USRSt S QeddenOn écﬁ&ﬂaﬂé@s &R epar oy
0.19 wei ght percent “tetranet hyl ammoni um 10 hydroxide (TVMAH), 0.12 wei ght

perent {etrametilytartonismosilgia-{TMAS) amdr(y«tram@merthmsplwmn@e(rrgl\msyr)md 13
wei ght p cen roI |no inder gf this
ool on1 onFhsCE Bl G FRRIb DA A IR §8Fhe Rbibnl AiRg FHRIR 358 Allminit
prepar edCeppedr Ristd 1wsg&1§>pwemmntuahm Aiifedd) thanha bedh b»edi@xrydprebm%
0.12 wei %}t per cent gcal culated as % Si O-) tetranethyl ammonium silicate

a

(TVAS) afrdlows: (el gm b@tx@emltmaéumw@r@pgwyeldny fdlosvedely witamumheitiidengnder

f thi | |
S S o e N X 2 e
0. 1 wei Qﬂﬁhmgé'(ﬁ}?@l}fgeﬁ ohkfd lagting toa&rr%vslof%ahlct;ﬁhbfoam Ineysk G LAy g rhatally e

(TMAS) and 23 wei ghts,\gercent i sopropyl cohol added with the renmai nder of
thi s sol inorganicheesidyesweghond. (vese usgdgn qypluate the pyrformaaee alothgisoltionashA paksed

intoal e 3 i,kO0s8 oven
ot at 45t PG RPN B B 21 395" SRR GonDy P RER MIUE
foi | coupmizedasawanbaichiith RecleRd nittiget @as. ATRR dnerg hmtaﬁmmmmqieyteucal
bal ance. After one hour of pre-heating each solution was renoved fromthe
oven andonthScanimg fileatoni Microsseph (WEM) t Refetpmipedhy axenk pk ckepingedndiGosel v
re pped_and ed back into_t r_at t 45C, the
bot't%?e Wg.% ?Sé%ﬁ?)a‘ﬁ ?\“&W%’ﬂé"’%én%’rﬁ At Surﬁ’%geﬁ]u%ﬁe tgllg)O%Vnnﬁ]’vplvz‘aagPa?;ejm)ved

rinsed with water, followed by an acetone rinse, dri ed and then wei ghed on
an anal ~ni cal bal ance. The relative corrosion rates were determ ned by

wei ght loss. The results are shown in Table 13. 34 1. 24 Septenber 2002
WO 99/ 60448 PCT/ US99/ 10875 Tabl e 13: Al um num Foil Etch Rate

Conpari sonsSol uti onpHOr gani ¢ Sol vent Test edAnount of Organi ¢ Sol vent Added
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(Weight %9 Rel ative Alum num Corrosion RateE 11 2.2----0
| 1E21 2. 1@ ycerol 2. 90. 90E312. 2Tri et hyl enegl ycol nononet hyl 24 September 2002
et her 9. 10v®Bblebds 2N- Met hyl - pyrroi i di nonel30. 2|1 ES12. 1Di et hyﬁéﬂ%swmms
gl ycol 170. 21E612. 71 sopr opanol 230. 14 Referring to Table 13 e data show
the utility of adding water-soluble organic sol vents to decrease al um num
et chi ng [rates—Decreased—dl T Tat e SONMELT Mes needed 1o
conpl etgly avoid al urrunum’g‘g:' o[s%g{\’fg Ation 2 i ppi ng_process. The
al um num eSotitiéy 1| AWeighsPéervént $elpH priopPinké orlaTemp. 2 hPostsmsiNt Adfumtinirn gt
used, reggardless of TeplanRithyld> ¢l assifii qafih9n.| Ao de R@gjd%y of Metal
wat er - sql ubl e sol yeng are illugtrated RQel ow. ‘I* "'é@rrbénbﬁ’ct rate
t he use |of opti ona wﬁterisol ubl e organi c soljvents ¢f (;y ou< pbg
obtain g desirabl je al w et ¢hi ng rate for |the cofrpos ong UE‘
herei n. {Exanpl e 14 Aqu solution 'I' G1" way prepanjed with 0. |gtt
percent [tetranet hyl sealavatedas o hydr oXi de (TMAH) and {0. 14 wei ght percent
(cal cul @t ed as 90 |Si O% SiQDr amet hyl agmontum di | i cate (TM AS) |added wi t|h
remai ndgr of gt i S |SOT Uty o bel hg gt ar (qﬁl utji oigspH[= 12 2) . JAquegpus
sol uti orL;M__p_L_e_pa_L_ed_mh 0. .22 ercent ltetramethyl ammonim
hydr oxi de (TNAH) 0. 140\@@0ght pei@ént (cél cullat 88 ag ~7@0Si Of) 0
tetranet llyl arertH-sHeate T,. :\v%(S) -are—6—3-0—wet ght Pes cert—of—the—oeHi oni c
surfactgnt Surfynol -46~ added with 15 the remai nder of this solution RQeing
wat er (qolutwon pH = TZ0d). Aqliequs jol ujg on ['G3H Was piepareéd wgh 0.122
wei ght percent tetrarmt hyl a i um hydr oxi de [(TVAH) | 0 12 wejlght percdnt
(cal cul dted EBs ~' 9 Si O@plﬂet raﬁretl[h@l atmmm um Si I.’.’tlcat e (IIOQAS) and ©.10
wei ght ercent—of—Tthe—nonronte IOl\.LOlIIL Fttor-acd 7 +EE Pt oduet—af t he
I ndustrilal Oftemical Pr d cts Di Lllgt"or of 53I\/9 g%d mthﬁpt Aemai der |of
t hi s soljuti opf bel rg wat es (sol itipep pH 2@ - 12. 2p. Aquepymp solutign " %4
was prepated.with 22 weight percentl tetranethyl angoniurn hydrox=de
( TMAH) . |0. 14Mpei grt per&dnt (cql ¢3Patled & ~' §50~) 35100 WD) 99 60448 |24
Sept enbdr__2002 PC1/ U899110875 i et r andt hyl ammnl um sill i cate ((TMVAS8jgheind {0. 042
(active)| wei ght percent of the anphoteric surfactant Rewoteric AM KSF-[40 (a
product tef—Witeco-G i dded—w-ththe—eral-nder—oi—t-his—solti-+-4n
bei ng wdter Psol utji on & 12. 3{) 132q0eoud solluti®en s 19s trepa@ ed ith
0. 22 weilght percent tetranethyllanmonilum hydroxi de (TVAH)) 0. 14
percent {5 (cé@l cul 4t ed a&7® Si Of) 188t rlametshy| am@2 up si 10k at ¢ ( TMASI qnd
0.026 (dctive)wei dht percent off the gnionic sfurfactgnt Fluorad BEhd3 (
product |of Te TnqustTigls Chem[Cgk 3Prlodugls OF visl orf of jggV ) [addeg Wi tlh t he
remai ndgr of this {sol utlon bei ng watgr (sol utjion pH{|- |2.2). Aqwe&g,s
sol ut i o—G6wes pl ep Wt Q22 twet reEntitet Ib'LIyId.I o gm
hydromqe (T@AH) cI(é/\g‘éflght teﬂégnt (cal cul jat ag % % 10
tetranethgd-amnum.su_ueaLe_(_JMS)_and_a__Oﬂ—@aet“e\m- ﬂhf ne'“'l@ﬁ)t f the
cationid surRactart BarQ@fat CME- 3844 préduct| of2 23 orjza, 19Gc. )| add®8d wilt h
the rendinder of tihis solutionlbeinglwater i jsolutign pH = 14 (Modem@ed [y
sol utiornl wasSpl acqd i nt@e 125 {mi3@ol lyet Byl ene @Rt lje, l@ms%ljy ca@pped jand
pl aced ijnto a over] set at 45C flor ong hour. 0.05 nMm x 12 MmN pmedrateym
99. 8% pyre—aimm mTOIq %Oupo vya%?ﬁsn WIF) gCetone; oI T ed, g tnan
t

wei ghed {jon an analfyti ca al ange one h of |pre-heati ng( each
SOl ut| O N—AES——-e DY rl 'LLnant hn \_unn Yaral +hn Al |m mlm'Fn|| r\nllr‘nns¢\i§r‘e) en

pl aced into_the bottle, |oos pped and k into the oven.
After one HhOHFTHE ‘86‘@91‘: 45 ‘i’c‘%: fch" '@ &é‘% é‘%ﬁ?/&’@dlt‘\? GOREETHRALAN a5y ﬁ?

al um nug%ﬁqyﬂﬁ&#@cﬁmr&@\{g e\fehpéleﬁl\omrﬁlg t)“@t:@ﬁosx&f’bt* et BnuANe3GRARR

ri nse, ied an en wei ghed on an ana yti1cal balance. The relative

corr osi osccompatieLekporure it eraliaiind sbiytions ayldtshbwskat teheptinasn ipHsraageefos thewn i n
Table i 4. Table 14: Al um num Foil Etch Rate ConparisonsSol uti onpHSurfact ant
Test edSuS(Oﬁ‘&lﬂﬂéﬁfIW%WHFC%W“A&%!?W@}SlPr Factant Added (Weight % Rel ative
Al um num Corrosion RateG 1l 2.2 01®x12. 2

| Sugf ynol - 465noni oni c0. 100. 62G312. 3iEyah oni oni c0. 100. 75412. "' ' KSF- 40anp

hot eri c0. 0420. 37G612. 2FC- 93ani oni c0. 0260. 37G612. ?CME- 35cat i oni c0. 0370 36
r VO 99/6D4A3ue2m59@ptt@nbé‘r »zmzrqp@ndusgb/Qéswezhtewétcwtn&ttam%r@nqmunt he

ot os. | CREPRRE S TR ni PP BBl WBRLTE Rl EEAR AT S OF

avoi d al um num corrosi on during the st t,bppl ng process. Useful alum num
etching rate suppression occurs for alr four surfactant classifications.
This is in addition to the 5 expected desirable feature of inproved sanple
wetting when a surfactant is present. The data also illustrate the use of
opti onal surfact ants of vari ous types to obtai n a desi rabl e al um num
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hydrOX|de (TMAH), 0.1l #eight percent

traps- (1. 2-cycl ohexvl enedinitrilo)tetraacetic acid (CyDTA) andz@sQBtewegbboz
percent oo bhepsswoni oni ¢ surfactant Surfynol -465 added vmthpt;lirms@@,mgw er of
this solution being water (solution pH = 12.3). Aqueous solution "F2" was
prepared with 0.30 weight percent tetramethylanmoniurn hydroxide (TMAH))
0.10 wei r gﬁﬁg epn a&g% d
(CyDTA) Q(‘J'IDEEQ V\g;ggtk#é’%ﬁ?g’gﬁ?llq%h&ca I cu a%’dergiagagt %Fé%d_l%:se? rlgmat ;I gfrirs%i[\)tm um
si | i cat e(ceItMAB)Y aa9el SEDL) Tetsamieghhlamraoniant sibéata ﬁBvaSr)landlﬁoNeagmfmmeahglyccrol

Sur f ynol added with the remainder qof this sol ution being,water
(sol uti o‘?‘iidﬁal ““gl ‘%eEfmalﬂaﬁe‘ifu@‘ss%ﬂhmqnowmg:ym aprus SPoR, 8h W3S PEERAERAg ht

per cent h S-(
eyl o T o P T an b 50 A MBS O 7 LR pbielt
(calscul agrag-(@2-Kelhéxyiendbinitglo)rraideyit anido@yldT4), 0i0Sateightl pFnt of.the wen-ght

percent glycerol and 0.07 wei ght percent of the nonionic surfactant .
Sur f ynol iongs  strtRstanh Syrfypel-465naithtier weight hi Reresat ut Cgpulgdngaswaer SiO2)

solutio 0 0 I t
ppr ox! nrErs g SHAOTIMAD TGS SRR htred My ARe aatdd Jimetbe | e
nmeasur edreYhainded ofEkod o o B¥ir v tef. exmeﬁﬂolﬁtﬁbndﬂte ik peepafed WilteO3abeighti de

t hi ckness. Four areas were neasured and 25 nmapped for a foll ow up

neasur enpaEeTAf f%ﬁamerlwéﬁmmmumEdwﬁr@%d@m @M\Ag)t HEQP pivaighH PeEentt Fansohd-| e.

SR RISl ST A8 bR Byt

renoved, surfaasadSiviindl-uWes. .12 h@iéh@‘p@&eb&’(eﬁl&ul&&@tﬁn% $i03p eaxradfeu@@hm&nmen
nmeasur ed on the Interferoneter. The rel ative corrosion rates were

det er m n&iticasg (TMASHand éﬁ) whight percer disteylenalirel {PER) aAdaskyish sheavmeindereef 30

for four eas.on the s e.resu are_sho n 24
Sept enbel TSRty waRh oV aer FISaubRs sl S plE NN el e sl
Silicon Epphr fAake i GABHSWINS Bahlin-ARAKARURAG eAPReiidusly dpreparedasfol]ows
of Rel ati ve etranethylannnnluanganchMera eSi|icate Adde

Sol ¥t i on(@-mulizsionheitgluminpmseResr gloy dpBewesl by \isgwa arkidss®y hithasraghic
% Rat eF 1} 4
the. dat PRSI us"i%fk@tﬁ%&?&%ﬁ%ﬁﬁ&nﬁ ity WinBrehbie M Al 02

the corr osygen pidsmaidshipgno dérﬁle(\ldiﬁgﬁﬂ’iatphal@mfﬁpmidiﬁs ebmd»wﬁrg inaindy} inalganie
solutions. Silicon dioxide dielectrics are nornally present qgn the

i nt egr at B4idypy baind wererusedtoRyaluals the@edformanss Al thsrSORIORS. A WA SBMPIFi s,
Danage t [ | s I E that, the
addi ti onBla%Qfet rh gr?giugg amr?)r%lgt?h%slf) |7§arﬁing{%g ’ieqz’r ggr:g]ti%y?laﬁrr%og? EAE?Z}\%H roxi de
basmd cl esdidrigd smkmtpr&mmzenhmhbgau ghe Ametear)ﬁ@almecsamptsmn mﬁpeazem al ectric
mat eri al that is conmmonly present in integrated circuits. nple 16

Resi dual Se¥gH% Fée‘am@tl‘éwwa@’%ﬁﬁaﬂterdemm the extgRt %éréamé&ne@r ﬁ@“’@é‘?ﬁ"o?fdar y
| on Mass r | that were sputtered
with O. 3g1te %@&gﬁﬁmfél%ﬁﬁr%ﬂ){?{iﬁ%{ﬁe%u’ﬁ‘hﬂe%ﬁ%g\é%%‘?&vgﬁﬁ?&h%r e cleaned with
silicate solution "A" and also with a commerci al post etch residue renover
EKC- 265 (a product of EKC Technol ogy, Inc.). EKC 265 conprises about 590 of
catechol, 15%- 20% each of hydroxyl am ne and water, and the bal ance being
?-{2-am noet hoxy) ethanoJ. A wafer sanple was placed into solution 15 "A" at
35C for 5 mnutes, followed by a 2 mnute 0.2 mcron filtered de-ionized
water rinse and pressurized nitrogen dry. A second wafer sanple was
simlarly processed in EKC-265"i """, using the tinme and tenperature
recomended by the manufacturer. A third untreated wafer piece. also from
the sane silicon wafer. was used as a control. The wafer sanples were then
anal yzed by Dynam c-SIMS using an etch rate of 22.1 Angstrons per second
with a dwell 20 tinme of 0.5 seconds. The atom c abundance of the carbon-12
ejected fromthe surface was then used to conpare carbon surface

contam nation of the three sanples. The results are shown in Table 16. 38
WO 99160448 ' 4 24 Septenber 2002 PCT/US99110875 Tabl e 16: Rel ati ve

Conmpari son of Residual Carbon Left on the Surface of a WaferAfter

Cl eani ngSol uti onTi meTenp. Rel ati ve(M n.) (C) Carbon Contam nation LeftAfter

Cl eani ngUntreated-------- 1A5351. 1EKC- 265 ""' 20654.1 Referring to Table 16,
the data show the superiority of the present invention for giving a surface
free of organic contanmi nation after clegning and illustrate that the use of
the conpositions described herein results in very little contam nation of
the integrated circuit with carbon-containing (organic) inpurities. 5
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Referring to Table 4, the data show the advantages of the addition of a water-soluble

organic solvent on the ability to prevent or moderate the corrosion of the aluminum features

that accompanies exposure to alkaline solutions containing TMAS and illustrate that the

addition of a water-soluble solvent to the compositions of the present invention allows the

cleaning of vias without corrosion of metal at the base of the via.

Example 5

Wafer #1 and #4 samples each with one micron wide fearures and Aluminum-Copper

raised lines capped with titanium-nitride, that had been previously prepared as follows: (a)

metallization with aluminum-copper alloy followed by titanium nitride (b) lithographic

patteming using a photoresist material (c) pattern transfer using reactive ion etching (d)

oxygen plasma ashing to remove organic photoresist residues, but leaving mainly inorganic

residues behind, were used to evaluate the performance of the solutions. A wafer sample was

placed in the solution at 11-65°C for 5-30 minutes, removed, nnsed with de-ionized water

and dried with pressurized nitrogen gas. After drying, the sample was inspected on a

Scanning Electron Microscope (SEM) to determine the extent of cleaning and/or corrosion of

the aluminum-copper metal features. The results are shown in Tables 5A, 5B, and 5C.
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14. The conposition of €aim1 further containing one or nore water-sol uble
surfactants. 5 15. The conposition of Caim14 wherein the conegryd @I 8b2
wat er - solW@p¥6ms f act ants is fromabout 0.0l %to about 1 %Iqmgg@,hg%'ﬁ g
The conposition of Claim1l wherein the base is selected fromthe group

consi sting of hydroxides and organic am nes. 17. The conposition of Caim
16 wherei n RBRrmkas & TabRel£Cthetatd QRdW NBe ARiPHP of ABSingtd RErfddtan?fio ClsafeieNar y
amoni um hydr oxi des, ammoni um hydr oxi des, and organi C ami nes. 18. The
conposi t Rlgminim cetehing Iratehe Decreasdte abmaipuins ecbingctaged freosometemey oegled 1o

i sti f chol i t et r abut yl i hyd i de, t t hyl i
comt St B ATy e s e e e ol
hydr oxi deate 18pprdddfonCOPRRS Fdrl AN ofir g%x?dc’i‘ﬁﬁ?- YREEBAdnk hehial 8- ?cﬂillt%?ll & Rt al

ion-free silicate is ~5 selected fromthe group consisting of ammonium

si | iScat esxpeadd desitablenfaatyreapfiinyrovedssainpieaw etsing 3Ben kerfawapospresenn e dalaai m 1
wher ei n tlhe.leat er - sol ubl e rretﬁl in,on-f re? silicate is_tetranet h]yl ammpni um

si | cat eSO YUSHAE ReGPEH OPHERR! SHIIEFaNt 0T VRIMHS AYRRS g OPtagh? desdableiumigugny
wei ght 2@chigtk @({m ide:and about 0.01-1 % by wei ght of

t et ramet %;%’lgmﬁwém I ca%dgﬁk%%%ggg%ﬁposi tion of Caim21 further
containing fromabout 0.01-1 % by wei ght trans

(1, 2-cycl ohexyl enedinitril o)tetraac@xamphcidl. 23. A nmethod for cleaning
sem conduct gr waf er s.ubs‘gr?‘r;@t es) comeari sin 25 contacting a sen conduct or

waf er substf ﬁl’eé’_“PéPl“é‘oPi‘ arit BEPH ‘?é\"fﬁ’eg-:&PdY%g@Lﬂqf?e@F famegn g ppium
unugnt edhf&@ii@é"('?ﬁﬂ&ﬁ),a(ﬂ?l r@a%ﬂugacémqmnmzw%é lae%ea@ftkﬁog&u%gbwc Bcid
) onhe or I ases,; C) a

conposition conprising: (a nore netal “ron-tree

wat er - s ol BAedaD.0f ovei gintemerasntt iof abee pomomic 30rfiaintviirBimol-4657 ddded WD te604 48
24 Sept enber GZ%%? CT/US99/,10875 24. The nethod of G aim 23 wherein the
seni cond{FEHARAehRf dRiS SQBUPP Redng Yapsr (SYRUAE PHAF t17-1h S BeRRS 9108 n TRorVasr om

about 1 pRpALEW:LSE 301 Wil 5% f io
seni condBcF or vval%hzg 32quwb%silTr?Z%eégci§é t%{%%éﬁ?g@go@ﬁn%%?lggo%@wi g'r%blz}tg elﬁht

t enpcr at pereensf trénse(h2atyoichedyhadmiaottradsetic 5ci2 6(CyDRA ed. b dweifhtCheadcant2 3
further co I Sin .rinsing and a drying step. 27. T nmet hod of Cl.aim 23
whelPei n f%@@&%?rge@ﬂ f%{ﬁ??%ﬁl)ﬂw oA f@%AéA%%gsﬁ welght P‘E,’F"é‘r‘lf’fﬁ’ﬁount s
t 0 produg&hieni® HufthcthhioSurdhiRUl63 ladded %ﬂﬁpihel;ﬁmaglﬁicr U?etpgewﬁﬁﬂ)ln%ei%%a@rz?’

wherein the concentration of water-soluble net ron-free silicate in the
conposi t {sehtios PH om BhhHutAdqreoasosphmtiah o'tH3 " 5%adh \preparagh with20.29 Teighte peroentof

Claim 23, further containi one, or r hel at | ng agents in the

conposi ¢ 15 ﬁme%fanﬂ%‘"%t hg‘gd{ﬂx‘% ai m er M tWE%Sbnc%?%ti YaAns¢l 2

chel at i ngyckgRRYIEnddnilrlionealciHc RidicyHTR), AU eidfRent R ated3d % §16,) |
met hod of C aim 29 wherein the cheldting agent T's an am nocarboxyiic acid.
15 282, Tistramethlylaenradni@hasiliva2o TMIAB Bi30 whight pertent ighgemd end 0.0% weighe pereentf r om

T e A e e
1, 3- di anjsBhnidn HEIEOPOYII ORRARs Fobh e, Pmret St 108RGAEr Gridf hfbroximately 650 nm of

N, N, N, N -ethyl enedi am net et ra( met hyl enephosphonic acid)) and (1,2
cycl ohex{eEnddpxide rwdre) wasbed auitletacetonei dried2 0h@8 mephwredrawittod Bhdadblai FAIM3

further frRdl e%mn!:tgxg S gtecr)nrﬁnremtrhg t“@}n%rl_gx? eumice}m%gsgﬂiu? a(r:e%s were measured and
25 mapped for a follow-up measurement after treatment. Each sample was then placed into the
bottle. loosely re-capped and placed into the oven, which was pre-set to 45°C. After 24 hours

at about 45°C, the bottle was removed from the oven, sample removed, rinsed with water,

followed by an acetone rinse, dried and then measured on the Interferometer. The relative

corrosion rates were determined by the difference in thermal oxide film thickness averaged

30 for four areas on the sample. The results are shown in Table 15.
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solvents in the conposition. 34. The nethod of C aim 33 wherein the
concentration of water-soluble organic co solvents is from aboyy i, ‘4? 002
about 80%dyyoRiOht . 35. The nmethod of C aim 33 wherein Sabérﬁ‘%@ﬁfos?é) F
organi c co-solvent is selected 25 fromthe group consisting o

1- hydr oxyal kyl - 2 pyrrolldlnones al cohol s and pol yhydr oxy conpounds. 36.

The net Hod of TLner Tal oLn € € tilan umrestdje
r enoval enhanC| ng ghén gr—;nahiﬁgg Hg %Bﬁei‘%%nge"}mélsgﬁ the
concent rlaSolutioaf |t igHNI um r esiAteuntafoval 3 eArhount ofg [agenRelative f r o about
1 %to gbout 50% by wei ghretrﬂx%ethymaﬁlﬁ%‘lf L Qrgan4 Sept eARerage 002
PCT/ US99/ 10875 38. The ngﬂ{@gg3 &fidﬂﬁ Lﬁfbn er@(; SolbvElft ] 'R gdye
renoval |enhanci ng agent |_sIg d‘]s ) grgﬁgeé:onm st 'Cﬂﬂré)ao
m s ts I

hydr oxyliam ne, hydroxylla per XI de m%}p nd fl 39. The
met hod df__Cl aim 23 furtiher containing one or nbEE! gctants
in 5 the comi)osnld)h3 40. The rret--hod of Cailm 39 @urther wherdin the

out 1

concent rfet+0 .u. Watt-ef—+S-otubl-e—st-f-actant-s—Hs—om
% by wei ghtY:l Tﬁ%znﬂthod of (ﬁyé‘i‘m 23 wherlei n the base in t conpqsition

is sel ectedpgromtn '1g1foup consiggyng Of hydroxidgs and oOrgam 4y am ngs. 1o
42. The [net hod o aiH 47 Wh_e_[_GJ_D__Lh_e_b_aS_e_J_ﬂ__[_h_ﬂ_LQ_E[DlQSITIOH I s _sellected

fromthe group consisting of quaternary anmoni um hydroxi des, ammoni um
hydr oxi des, Refertingrigdhable ldnitheedata d@w thhadvastdgecbfohe @idugra 2dicelkedo praventher base

inth t | d f t t f
ot r abut PR APRORTORT SicoR Sibasetiey FoaRRAR PR ol Be sofbtions
met hyl t r §i8tHR Rk ARTARE RO YA forkfifly pridch B ¥ ihfebfitdaydiAmmDAR3 m{ﬁlﬁoomede

44. The method of Cd aim 23 wherein the water-sol ble nmetal ion-free
si | i cat estiippingef mtqbdmcs powmiak.sDamagedd abkest dorledthes gretus avwirdeids Thadatafalso

ammmpni um,si | | cat es aternary anmmuoni um.silicates . _The t hod. pf
3 aBm o PHieEs e adNoa b Gt BT et Fe e B T P gdE
conposi thRRd ichahid rs%ld?r%hb){r'x}ﬁm@meUM££1}%EaE&Toﬁ&r ofr Q%E‘I@&h@%ﬁénéﬂ @htMs23
wherein the conposition contains fromabout 0.1-3% by wei ght

t et r anet ¢orhaomp prasenthy dnegrawd caodisabout 0. 01-1 % by wei ght of

tetramet hyl ammonium silicate. 47. The method of O aim 45 wherein the
conposition further contains 0.01-1% by 25 wei ght

i rans- (1, 2-cycl ohexyl enedinitrilo)t ’f‘?"ﬁ%‘& ic acid. 48. The cheni cal
conposi t i ONREHAUEE drddficidoktardindteon 4Fiee clRhnifiP Meas TRdadlired @Bink ISe€oABERHN Migs a
wat er-sol uble nmetal ion-free silicate; and (c) water. 73 24 Sept enber
2009 73A$mtrosmey émﬂ@sus@lmn wfe(}@mi%ﬂhmuwmeapuw%W@i %5 aricroagfaimsodfe of
hydr ogen XI or conb ,

1, 2-cycl o exy ﬂgddlcﬂi’?cf ¥ raace Béc}]oyén]d Sllhca auug? & rutaﬂqgo with 2

I’O ur none,

gl ucose, c&mhyxdrawpmuamlrésnﬁm @irloved, ERRe5 T (aowoagaldfqﬁxcsoechﬁbuegﬁembod of
Cl ai m 23_wher ein sai d conposition further conprises at |east one
EKC-265"" comprises about 5% of catechol, 15% - 20% each of hydroxylamine and water,

and the balance being 2-(2-aminoethoxy)ethanol. A wafer sample was placed into solution

15 “A" at 35°C for 5 minutes, followed by a 2 minute 0.2 micron filtered de-ionized water rinse
and pressurized nitrogen dry. A second wafer sample was similarly processed in EKC-265™,
using the time and temperature recommended by the manufacturer. A third untreated wafer
piece. also from the same silicon wafer. was used as a control. The wafer samples were then
analyzed by Dynamic-SIMS using an etch rate of 22.1 Angstroms per second with a dwell

20 time of 0.5 seconds. The atomic abundance of the carbon-12 ejected from the surface was
then used to compare carbon surface contamination of the three samples. The resuits are

shown in Table 16.
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of hydrogen peroxide, sdlicylic acid, phosphoric acid,xascorbic acid,

1, 2cycl ohexyl enedinitril otetraacetic acid) hydroqui none) fruct
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&Of 10%&'cgrzloﬁex%'%“@d1Qﬁn$ﬁ€%€fbﬁa‘§a@(CyDTA) 2.4 weight percent (calculated as % SiO,)

tetramethylammonium silicate (TMAS) and 52 weight percent glycerol added with the
15 remainder of this solution being water. Wafer #5 and #6 samples with one micron wide
features and Aluminum-Copper raised lines capped with titanium-nitride, that had been
previously prepared as follows: (a) metallization with aluminum-copper alloy followed by
titanium nitride (b) lithographic patterning using a photoresist material (c) pattern transfer
using reactive ion etching (d) oxygen plasma ashing to remove organic photoresist residues,
20 but leaving mainly inorganic residues behind, were used to evaluate the performance of the
solutions. Wafer samples #7 and #8 with one-half micron wide by one micron deep holes
(vias) through a dielectric material exposing Aluminum-Copper metal at the base had been
previously processed as follows (a) metallization with aluminum-copper followed by titanium
nitride (b) coated with silicon oxide dielectric using chemical vapor deposition (c)
25 lithographic patterning of vias using a photoresist material (d) pattern transfer to the dielectric
layer using a reactive ion etching (e) oxygen plasma ashing to remove most of the residual
photoresist, but leaving mainly inorganic residues behind. Wafer sample #9 with one micron
wide by one micron deep tapered holes (vias) through a dielectric material exposing
Aluminum-Copper metal at the base had been previously processed as follows (a)
30 metallization with aluminum-copper followed by titanium nitride (b) coated with silicon
oxide dielectric using chemical vapor deposition (c) lithographic patterning of vias using a

photoresist material (d) pattern transfer to the dielectric layer using a reactive ion etching (e)
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5 extent of cleaning and/or corrosion of the aluminum-copper metal features. The results are
shown in Tables 17A-17E.
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Table 17A: SEM Evaluation Results for Sample #5
Solution | Time/ | pH | TMAH | TMAS | Glycerol | CyDTA | Surf.. | Post-Ash | Via-base
Temp. (Wt (Wt. % | (Wt. %) | (Wt. %) 465 Residue | Aluminum
{min./ %) as Si0,) (Wt. | Removed Metal
°C) %) (%) Corrosion
Hl 521 (12,1 0.27 0.13 2.7 0.092 | 0.062 100 none
H3 5722 [ 12.1] 0.32 0.15 33 0.11 0.075 100 none
H4 522 1122 0.39 0.19 4.0 0.14 0.091 100 none
H5 522 | 123 0.58 0.28 6.0 0.20 0.14 100 none
H6 5722 1125 1.2 0.56 12 0.41 0.27 100 none
H7 5721 | 13.0] 5.1 2.4 52 1.8 0 100 none
Table 17B: SEM Evaluation Results for Sample #6
Solution | Time/ | pH | TMA TMAS | Glycerol | CyDTA | Surf.- | Post-Ash | Via-base
Temp. HWt | (Wt. %- | (WL %) | (Wt. %) 465 Residue | Aluminum
(min./ %) as Si0,) (Wi, Removed Metal
°C) %) (%) Corrosion
H1 10/45 | 12,1} 0.27 0.13 2.7 0.092 | 0.062 100 very
slight
H3 10/45 | 12.1| 0.32 0.15 3.3 0.11 0.075 100 very
slight
H4 10/45 | 12.2 | 0.39 0.19 4.0 0.14 0.091 100 very
slight
HS5 5/45 11237 0.58 0.28 6.0 0.20 0.14 100 very
slight
H6 5/45 11235 1.2 0.56 12 0.41 0.27 100 very
slight
H7 10/45 { 13.0| 5.1 24 52 1.8 0 100 none
Table 17C: SEM Evaluation Results for Sample #7
Solution | Time/ | pH | TMA TMAS | Glycerol | CyDTA | Surf.- | Post-Ash | Yia-base
Temp. HWt | (Wt. % | (Wt. %) | (Wt. %) 465 Residue | Aluminum
(min./ %) as Si0,) (Wt. Removed Metal
°C) %) (%) Corrosion
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H3 10/45 | 12.1| 0.32 0.15 33 0.11 0.075 100 slight
H4 10/45 | 12.2 | 0.39 0.19 4.0 0.14 0.091 100 slight
H5 10/45 | 12.3 ] 0.58 0.28 6.0 0.20 0.14 100 slight
H6 10/45 {125 1.2 0.56 12 041 0.27 100 slight
H7 10/45 [ 13.0| 5.1 2.4 52 1.8 0 100 slight
Table 17E: SEM Evaluation Results for Sample #9
Solution | Time/ | pH | TMA TMAS | Glycerol | CyDTA | Surf.- | Post-Ash | Via-base
Temp. HWt| (Wt. % | (Wt. %) | (Wt. %) | 465 | Residue | Aluminum
(min./ %) as Si0,) (Wt. Removed Metal
°C) %) (%) Corraosion
Hl 10723 1 12,1 0.27 0.13 2.7 0.092 | 0.062 99.5 slight
H2 10/23 [ 12.1} 0.28 0.13 29 0.097 | 0.065 99.2 slight
H3 10722 1 12.1] 0.32 0.15 33 0.11 0.075 100 very
slight
H4 10/22 1 12.2{ 0.39 0.19 4.0 0.14 0.091 100 none
H5 10722 | 12.3] 0.58 0.28 6.0 0.20 0.14 100 none
H6 10/22 {125] 1.2 0.56 12 0.41 0.27 100 none
H7 10/21 }13.0} 5.1 2.4 52 1.8 0 95 very
slight
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10 being water. Aqueous solution “H9” was prepared with 0.58 weight percent
tetramethvlammonium  hydroxide (TMAH), 0.20 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.14 weight percent of the non-ionic
surfactant Surfynol-465. 0.28 weight percent (calculated as % SiO,) tetramethylammonium
silicate (TMAS) and 6.0 weight percent glycerol added with the remainder of this solution
15 being water. Aqueous solution “H10” was prepared with 0.88 weight percent
tetramethylammonium  hydroxide (TMAH), 030 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.20 weight percent of the non-ionic
surfactant Surfynol-465. 0.42 weight percent (calculated as % SiO,) tetramethylammonium
silicate (TMAS) and 9.0 weight percent glycerol added with the remainder of this solution
20 being water. Wafer sample #10 with one micron wide by two micron deep holes (vias)
through a phétoresist and dielectric material exposing Aluminum-Copper metal at the base
had been previously processed as follows (a) metallization with aluminum-copper followed
by utanium nitride (b) coated with silicon oxide dielectric using chemical vapor deposition (c)
lithographic patterning of vias using an approximately one micron thick layer of photoresist
25 material (d) pattern transter to the dielectric layer using a reactive ion etching (¢) Hard-bake
of photoresist at high temperature to remove solvents, but leaving a mainly organic
photoresist layer behind. This sample were used to evaluate the performance of the solutions
below. A wafer sample was placed in the solution at 45-65°C for 20-30 minutes, removed,
rinsed with de-ionized water and dried with pressurized nitrogen gas. After drying, the sample
30 was inspected on a Scanning Electron Microscope (SEM) to determine the extent of cleaning

and/or corrosion of the features. The results are shown in Table 18.
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Example 20
Aqueous solution “L” was prepared with 0.3 weight percent tetramethylammonium

hydroxide (TMAH), 0.1 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid
(CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-4635, 0.14 weight percent
5 (calculated as % SiO,) tetramethylammonium silicate (TMAS) and 3 weight percent glycerol
added with the remainder of this solution being water and has a pH of about 12.1. Aqueous
solution “Z" was prepared with 1.3 weight percent tetramethylammonium hydroxide
(TMAH), 0.58 weight percent trans-(1,2-cyclohexylenedinitrilotetraacetic acid (CyDTA)
added (remainder of this solution being water) and has a pH of about 13.0. Aqueous solution
10 “MI1” was prepared with 1.2 weight percent tetramethylammonium hydroxide (TMAH), 0.45
weight percent trans-(1.2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight
percent (calculated as % SiO») tetramethylammonium silicate (TMAS), 18.5 weight percent
hydroxylamine and 0.07 weight percent of the non-ionic surfactant Surfynol-465 (remainder
of this solution being water) and has a pH of about 12.1. Aqueous solution “P1” was prepared
15 with 2.2 weight percent tetramethylammonium hydroxide (TMAH), 0.11 weight percent
trans-(1.2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight percent (calculated
as % Si0a) tetramethylammonium silicate (TMAS) and 1.6 weight percent hydrogen peroxide
(remainder of this solution being water) and has a pH of about 11.5. Wafer sample #11 with
0.3-0.5 micron wide by 0.5 micron deep holes (vias) through dielectric and titanium nitride
20 layers exposing Alunﬁnum-Coppcr metal at the base had been previously processed as
follows (a) metallization with aluminum-copper followed by titanium nitride (b) coated with
silicon oxide dielectric using chemical vapor deposition (c) lithographic patterning of vias
using a photoresist material (d) pattern transfer to the dielectric layer using a reactive ion
etching (e) oxygen plasma ashing to remove most of the residual photoresist. but leaving
25 mainly inorganic titanjum containing residues behind (determined by Auger Electron
Spectroscopic analysis of cross-sectioned via residues). These samples were used to evaluate
the performance of the solutions. A wafer sample was placed in the solution at 22-65°C for
20 minutes, removed. nnsed with de-ionized water and dried with pressurized nitrogen gas.
After drying, the sample vias were cross-sectioned and then inspected on a Field Emission
30 Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning and/or

corrosion of the features. The results are shown in Table 19.
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Solution Weight pH | Time Titanium Post-Ash | Aluminum
Percent (min.)/ Residue Residue Metal
Tetramethyl- Temp. Removal Removed | Corrosion
ammonium °C) Enhancer (%) (% Metal
Silicate Added Loss)
Added
(calculated as
% Si0,)
Z 0 13.0 | 20/22 NONE 0 100 (severe)
Z 0 13.0 | 20/65 NONE 98 100 (severe)
L 0.14 12.1 | 20/45 NONE 10 30 (moderate)
L 0.14 12.1 | 20/65 NONE 20 50 (moderate)
Ml 0.14 12.1 | 20/35 | Hydroxylamine 100 3 (very slight)
P1 0.14 11.5 | 20/35 Hydrogen 100 1 (very slight)
Peroxide

Referring to Table 19, the data shows the ability of hydroxylamine or hydrogen peroxide

to enhance the removal of the titanium containing residues at low temperatures.

Example 21

Agueous solution “M2" was prepared with 0.67 weight percent tetramethylammonium

5 hydroxide (TMAH), 0.46 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.14 weight percent (calculated as % SiO;) tetramethylammonium silicate
(TMAS), 1.0 weight percent hvdroxylamine and 0.07 weight percent of the non-ionic
surfactant Surfynol-4635 (remainder of this solution being water) and has a pH of about 12.1.
Aqueous solution “M3™ was prepared with 0.94 weight percent tetramethylammonium

10 hydroxide (TMAH), 0.45 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.20 weight percent (calculated as % SiO») tetramethylammonium silicate
(TMAS), 5.1 weight percent hydroxylamine and 0.1 weight percent of the non-ionic
surfactant Surfynol-465 (remainder of this solution being water) and has a pH of about 12.1.
Aqueous solution “M4" was prepared with 1.1 weight percent tetramethylammonium

15 hydroxide (TMAH), 0.46 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.18 weight percent (calculated as % SiO.) tetramethylammonium silicate
(TMAS), 10.0 weight percent hydroxylamine and 0.09 weight percent of the non-ionic

surfactant Surfynol-465 (remainder of this solution being water) and has a pH of about 12.1.
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Agqueous solution “M35" was prepared with 1.3 weight percent tetramethylammonium

hydroxide (TMAH), 0.42 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.14 weight percent (calculated as % SiO») tetramethylammonium silicate (TMAS)

and 47.3 weight percent hydroxylamine (remainder of this solution being water) and has a pH

5 of about 12.1. Wafer sample #11 with 0.3-0.5 micron wide by 0.5 micron deep holes (vias)
through dielectric and titanium nitride layers exposing Aluminum-Copper metal at the base

had been previously processed as follows (a) metallization with aluminum-copper followed

by titanium nitride (b) coated with silicon oxide dielectric using chemical vapor deposition (c)
lithographic patterning of vias using a photoresist material (d) pattern transfer to the dielectric

10 layer using a reactive ion etching (e) oxygen plasma ashing to remove most of the residual
photoresist, but leaving mainly inorganic titanium containing residues behind (determined by

Auger Electron Spectroscopic analysis of cross-sectioned via residues). These samples were

used to evaiuate the performance of the solutions. A wafer sample was placed in the solution

at 35°C for 20 minutes, removed, rinsed with de-ionized water and dried with pressurized

15 nitrogen gas. After drying, the sample vias were cross-sectioned and then inspected on a Field
Emission Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning

and/or corrosion of the features. The results are shown in Table 20.

Table 20: FE-SEM Evaluation Results
Solution Weight pH | Time Amount of Post-Ash |  Aluminum
Percent (min.)/ Titanium Residue Metal
Tetramethyl- Temp. Residue Removed Corrosion
ammonium °C) Removal (%) (% Metal
Silicate Enhancer Loss)
Added Hydroxylamine
(calculated as Added
% Si10,) (Weight %)
M2 0.14 12.1 | 20/35 1.0 60 3 (slight)
M3 0.20 12.1 | 20/35 5.1 96 1 (very slight)
M4 0.18 12.1 | 20/35 10.0 99 3 (slight)
M1 0.14 12.1 | 20/35 18.5 100 3 (slight)
M5 0.14 12.1 | 20/35 47.3 40 0

Referring to Table 20, the data shows the ability of hydroxylamine to enhance the

removal of the titanium containing residues at low temperatures.
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Example 22
Aqueous solution “M6™ was prepared with 0.82 weight percent tetramethylammonium

hydroxide (TMAH), 0.14 weight percent (calculated as % SiO,) tetramethylammonium
silicate (TMAS), 18.8 weight percent hydroxylamine and 0.07 weight percent of the non-ionic
surfactant Surfynol-465 (remainder of this solution being water) and has a pH of about 12.1.
Wafer sample #11 with 0.3-0.5 micron wide by 0.5 micron deep holes (vias) through
dielectric and titanium nitride layers exposing Aluminum-Copper metal at the base had been
previously processed as follows (a) metallization with aluminum-copper followed by titanium
nitride (b) coated with silicon oxide dielectric using chemical vapor deposition (c)
lithographic patterning of vias using a photoresist material (d) pattern transfer to the dielectric
layer using a reactive ion etching (e) oxygen plasma ashing to remove most of the residual
photoresist, but leaving mainly inorganic titanium containing residues behind (determined by
Auger Electron Spectroscopic analysis of cross-sectioned via residues). These samples were
used to evaluate the performance of the solutions. A wafer sample was placed in the solution
at 35°C for 20 minutes. removed, rinsed with de-ionized water and dried with pressurized
nitrogen gas. After drying. the sample vias were cross-sectioned and then inspected on a Field
Emission Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning

and/or corrosion of the features. The results are shown in Table 21.

Table 21: FE-SEM Evaluation Results
Solution Weight Amount of Titanium Post-Ash | Aluminum
Percent Metal Residue Residue Metal
Tetramethyl- Chelating Removal Removed | Corrosion
ammonium Agent Enhancer (%) (% Metal
Silicate CyDTA Hydroxylamine Loss)
Added Added Added
(calculated as | (Weight %) (Weight %)
% Si0»)
M1 0.14 0.45 18.5 100 3 (slight)
M6 0.14 0 18.8 100 4 (slight)

Referring to Table 21, the data shows that good stripping performance can be obtained

over a range of CyDTA concentrations. Thus, the amount of chelating agent present can be
adjusted to accommodate the sample to be cleaned. More difficult samples may require this
optional ingredient to accomplish complete cleaning. The data also illustrate the optional use

of a chelating agent in the compositions disclosed herein.
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Example 23
Aqueous solution “M7"” was prepared with 6.0 weight percent tetramethylammonium

hydroxide (TMAH), 0.35 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 1.2 weight percent (calculated as % SiO,) tetramethvlammonium silicate (TMAS),
17.7 weight percent hydroxylamine and 0.06 weight percent of the non-ionic surfactant
Surfynol-465 (remainder of this solution being water) and has a pH of about 13.0. Aqueous
solution “M8” was prepared with 7.1 weight percent tetramethylammonjum hydroxide
(TMAH), 0.46 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA),
2.7 weight percent (calculated as % SiOa,) tetramethylammonium silicate (TMAS) and 19.1
weight percent hydroxylamine (remainder of this solution being water) and has a pH of about
13.0. Aqueous solution “M9” was prepared with 8.2 weight percent tetramethylammonium
hydroxide (TMAH), 0.45 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 4.1 weight percent (calculated as % SiO-) tetramethvlammonium silicate (TMAS)
and 19.0 weight percent hydroxylamine (remainder of this solution being water) and has a pH
of about 13.0. Wafer sample #11 with 0.3-0.5 micron wide by 0.5 micron deep holes (vias)
through dielectric and titanium nitride layers exposing Aluminum-Copper metal at the base
had been previously processed as follows (a) metallization with aluminum-copper followed
by titanium nitride (b) coated with silicon oxide dielectric using chemical vapor deposition (c)
lithographic patterning of vias using a photoresist material (d) pattern transfer to the dielectric
layer using a reactive 1on etching (e) oxygen plasma ashing to remove most of the residual
photoresist. but leaving mainly inorganic titanium containing residues behind (determined by
Auger Electron Spectroscopic analysis of cross-sectioned via residues). These samples were
used to evaluate the performance of the solutions. A wafer sample was placed in the solution
at 35°C for 20 minutes. removed. rninsed with de-ionized water and dried with pressurized
nitrogen gas. After drying. the sample vias were cross-sectioned and then inspected on a Field
Emission Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning

and/or corrosion of the features. The results are shown in Table 22.

49



% & ()-#10% % & ()-/ K ##10% % & () - no} ~xX8hLO/ #10% % & () - #10% % & () - #10%
% & ()-/ K ##10% % & ()-#10% % & () - 0S7ThLO/ #10% % & () - #10% % &nly ksehlboritich 002
% & () - #30608m0Red ) - #10% % & () -\ @LO/ ##10% % & () - #/ K ##10 %98% -gt,f}.O% %

& ()-#10% % & () -#10% % & () -/ hLO/ K ##10% % & () - #10% % & () - Z106 05

& ()-#10% % & () - #10%

Table 22: FE-SEM Evaluation Resulits
Solution Weight pH | Time Titanium Post-Ash Aluminum
Percent (min.)/ Residue Residue Metal
Tetramethyl- Temp. Removal Removed Corrosion
ammonium (°C) Enhancer (%) (% Metal
Silicate Hydroxylamin Loss)
Added e Added
(calculated as (Weight %)
% Si0,)
M7 1.2 13.0 | 20/35 17.7 100 100 (severe)
M8 2.7 13.0{ 20/35 19.1 100 80 (severe)
M9 4.1 13.0 | 20/35 19.0 100 40 (moderate)

Referring 1o Table 22, the data shows the ability of tetramethvlammonium silicate to
prevent or moderate the corrosion of the exposed aluminum at the base of the via even when

the formulation pH is very high.

Example 24

5 Aqueous solution “M10” was prepared with 0.34 weight percent tetramethylammonium
hydroxide (TMAH), 0.47 weight percent trans-(1,2-cyciohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.01 weight percent (calculated as % SiO,) tetramethylammonium silicate
(TMAS), 18.6 weight percent hydroxylamine and 0.06 weight percent of the non-ionic
surfactant Surfynol-465 (remainder of this solution being water) and has a pH of about 10.1.

10 Wafer sample #11 with 0.3-0.5 micron wide by 0.5 micron deep holes (vias) through
dielectric and titanium ntride layers exposing Aluminum-Copper metal at the base had been
previously processed as follows (a) metallization with aluminum-copper followed by titanium

nitride (b) coated with silicon oxide dielectric using chemical vapor deposition (c)
lithographic patterning of vias using a photoresist materia) (d) pattern transfer to the dielectric

15 layer using a reactive ion etching (e) oxygen plasma ashing to remove most of the residual
photoresist, but leaving mainly inorganic titanium containing residues behind (determined by

Auger Electron Spectroscopic analysis of cross-sectioned via residues). These samples were

used to evaluate the performance of the solutions. A wafer sample was placed 1n the solution

at 20-65°C for 5-30 minutes, removed, rinsed with de-ionized water and dried with

20 pressurized nitrogen gas. After drying, the sample vias were cross-sectioned and then
inspected on a Field Emission Scanning Electron Microscope (FE-SEM) to determine the

extent of cleaning and/or corrosion of the features. The results are shown in Table 23.
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Table 23: FE-SEM Evaluation Results
Solution Weight pH | Time Titanium Post-Ash | Aluminum
Percent (min.)/ Residue Residue Metal
Tetramethyl- Temp. Removal Removed Corrosion
ammonium °C) Enhancer (%) (% Metal
Silicate Hydroxylamine Loss)
Added Added
(calculated as (Weight %)
% Si0;)
M10 0.01 10.1 | 20/35 18.6 5 0
M10 0.01 10.1 | 20/45 18.6 90 0
M10 0.01 10.1 | 20/55 18.6 100 2 (slight)
M10 0.01 10.1 | 10/65 18.6 100 1 (very slight)
M9 4.1 13.0 | 5721 19.0 0 0
M9 4.1 13.0 | 20/20 19.0 99 2 (slight)
M9 4.1 13.0 | 30/20 19.0 100 10 (light)

Referring to Table 23, the data shows at high pH, higher concentrations of
tetramethylammonium silicate can be used to inhibit aluminum corrosion. The data also

shows that at high pH, lower operating temperatures can be used.

Example 25

5 Aqueous solution “P1” was prepared with 2.2 weight percent tetramethylammonium
hydroxide (TMAH), 0.11 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.14 weight percent (calculated as % SiOa) tetramethylammonium silicate (TMAS)

and 1.6 weight percent hvdrogen peroxide (remainder of this solution being water) and has a

pH of about 11.5. Aqueous solution “P2” was prepared with 9.7 weight percent
(TMAH), 0.11

cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight percent (calculated as % SiO,)

10 tetramethylammonium  hydroxide weight  percent trans-(1.2-
tetramethylammonium silicate (TMAS) and 9.4 weight percent hydrogen peroxide (remainder
of this solution being water) and has a pH of about 11.5. Wafer sample #11 with 0.3-0.5
micron wide by 0.5 micron deep holes (vias) through dielectric and titanium nitride layers

15 exposing Aluminum-Copper metal at the base had been previously processed as follows (a)
metallization with aluminum-copper followed by titanium nitride (b) coated with silicon
oxide dielectric using chemical vapor deposition (c) lithographic patterning of vias using a

photoresist material (d) pattern transfer to the dielectric layer using a reactive ion etching (e)
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inorganic titanium containing residues behind (determined by Auger Electron Spectroscopic
analysis of cross-sectioned via residues). These samples were used to evaluate the
performance of the solutions. A wafer sample was placed in the solution at 21-35°C for 20
5 minutes, removed, rinsed with de-ionized water and dried with pressurized nitrogen gas. After
drying, the sample vias were cross-sectioned and then inspected on a Field Emission
Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning and/or

corrosion of the features. The results are shown in Table 24.

Table 24: FE-SEM Evaluation Results
Solution Weight pH | Time Titanium Post-Ash | Aluminum
Percent (min.)/ Residue Residue Metal
Tetramethyl- Temp. Removal Removed Corrosion
ammonium °0) Enhancer (%) (% Metal
Silicate Hydrogen Loss)
Added Peroxide
(calculated as Added
% Si0,) (Weight %)
P1 0.14 11.5 | 20/22 1.6 99 0
Pl 0.14 11.5 | 20/35 1.6 100 1 (very slight)
P2 0.14 11.5 | 20/21 9.4 99 0

Referring to Table 24, the data shows that a range of hydrogen peroxide concentrations

10 are useful for the removal of the titanium containing residues in the vias.

Example 26

Aqueous solution “P3" was prepared with 3.5 weight percent tetramethylammonium

hydroxide (TMAH), 0.10 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.14 weight percent (calculated as % SiO,) tetramethylammonium silicate (TMAS)

15 and 1.5 weight percent hvdrogen peroxide (remainder of this solution being water) and has a
pH of about 12.2. Aqueous solution “P4” was prepared with 3.9 weight percent
(TMAH), 0.096

cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.59 weight percent (calculated as % SiO»)

tetramethylammonium  hydroxide weight  percent  trans-(1,2-
tetramethylammonium silicate (TMAS) and 1.4 weight percent hyvdrogen peroxide (remainder
of this solution being water) and has a pH of about 12.2. Wafer sample #11 with 0.3-0.5
micron wide by 0.5 micron deep holes (vias) through dielectric and titanium nitride Jayers
exposing Aluminum-Copper metal at the base had been previously processed as follows (a)
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oxide dielectric using chemical vapor deposition (c) lithographic patterning of vias using a
photoresist material (d) pattern transfer to the dielectric layer using a reactive ion etching (e)
oxygen plasma ashing to remove most of the residual photoresist, but leaving mainly
5 inorganic titanium containing residues behind (determined by Auger Electron Spectroscopic
analysis of cross-sectioned via residues). These samples were used to evaluate the
performance of the solutions. A wafer sample was placed in the solution at 22°C for 10
minutes, removed. rinsed with de-ionized water and dried with pressurized nitrogen gas. After
drying, the sample vias were cross-sectioned and then inspected on a Field Emission
10 Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning and/or

corrosion of the features. The resulits are shown in Table 25.

15

Table 25: FE-SEM Evaluation Results
Solution Weight pH | Time Titanium Post-Ash | Aluminum
Percent (min.)/ Residue Residue Metal
Tetramethyl- Temp. Removal Removed Corrosion
ammonium °C) Enhancer (%) (% Metal
Silicate Hydrogen Loss)
Added Peroxide
(calculated as Added
% Si0,) . (Weight %)
Pl 0.14 11.5 | 10/22 1.6 99 0
P3 0.14 122 | 10722 1.5 99 100 (severe)
P4 0.59 12.2 | 10/22 1.4 99 6 (light)
Referring to Table 25, the data shows that higher concentrations of

tetramethylammonium silicate can be used to inhibit aluminum corrosion when hydrogen

peroxide is present.

Example 27
Agueous solution “P5” was prepared with 2.1 weight percent tetramethylammonium

hydroxide (TMAH), 0.14 weight percent (calculated as % SiO.) tetramethylammonium

silicate (TMAS) and 1.5 weight percent hydrogen peroxide (remainder of this solution being

water) and has a pH of about 11.5. Aqueous solution “P6” was prepared with 2.4 weight

percent tetramethylammonium hydroxide (TMAH), 0.53 weight percent trans-(1,2-

cyclohexvlenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight percent (calculated as % SiO»)

tetramethylammonium silicate (TMAS) and 1.6 weight percent hyvdrogen peroxide (remainder
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&0-1) #olf(%lcl)/i% zglution being water) and has a pH of about 11.5. Aqueous solution “P7” was prepared
with 2.9 weight percent tetramethylammonium hydroxide (TMAH), 1.4 weight percent trans-
(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight percent (calculated as %
Si0») tetramethylammonium silicate (TMAS) and 1.5 weight percent hydrogen peroxide
5 (remainder of this solution being water) and has a pH of about 11.5. Wafer sample #11 with
0.3-0.5 micron wide by 0.5 micron deep holes (vias) through dielectric and titanium nitride
layers exposing Aluminum-Copper metal at the base had been previously processed as
follows (a) metallization with aluminum-copper followed by titanium nitride (b) coated with
silicon oxide dielectric using chemical vapor deposition (¢) lithographic patterning of vias
10 using a photoresist material (d) pattern transfer to the dielectric layer using a reactive ion
etching (e) oxygen plasma ashing to remove most of the residual photoresist, but leaving
mainly inorganic titanium containing residues behind (determined by Auger Electron
Spectroscopic analysis of cross-sectioned via residues). These samples were used to evaluate
the performance of the solutions. A wafer sample was placed in the solution at 21-23°C for
15 20 minutes, removed, rinsed with de-ionized water and dried with pressurized nitrogen gas.
After drying, the sample vias were cross-sectioned and then inspected on a Field Emission

Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning and/or

corrosion of the features. The results are shown in Table 26.

Table 26: FE-SEM Evaluation Resuits
Solution Weight Amount of Titanium Post-Ash Aluminum
Percent Metal Residue Residue Metal
Tetramethyl- Chelating Removal Removed Corrosion
ammonium Agent Enhancer (%) (% Metal Loss)
Silicate CyDTA Hydrogen
Added Added Peroxide
(calculated as | (Weight %) Added
% Si0») (Weight %)
P35 0.14 0 1.5 99 0
Pl 0.14 0.11 1.6 99 0
P6 0.14 0.53 1.6 97 0
P7 0.14 1.4 1.5 99 0

Referring to Table 26. the data shows that a range of CyDTA concentrations are useful.
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937" 1096 &arfs}(1,2-cvciohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.13 weight percent (calculated
as % SiO,) tetramethylammonium silicate (TMAS) and 16.7 weight percent methylamine
(remainder of this solution being water) and has a pH of about 12.1. Wafer sample #11 with

15 0.3-0.5 micron wide by 0.5 micron deep holes (vias) through dielectric and titanium nitride
layers exposing Aluminum-Copper metal at the base had been previously processed as
follows (a) metallization with aluminum-copper followed by titanium nitride (b) coated with
silicon oxide dielectric using chemical vapor deposition (c) lithographic patterning of vias
using a photoresist material (d)' pattem‘ transfer to the dielectric layer using a reactive ion

20 etching (¢) oxygen plasma ashing to remove most of the residual photoresist, but leaving
mainly inorganic titanium containing residues behind (determined by Auger Electron
Spectroscopic analysis of cross-sectioned via residues). These samples were used to evaluate
the performance of the solutions. A wafer sample was placed in the solution at 35°C for 20-
30 minutes, removed, rinsed with de-ionized water and dried with pressurized nitrogen gas.

25 After drying, the sample vias were cross-sectioned and then inspected on a Field Emission
Scanming Electron Microscope (FE-SEM) to determine the extent of cleaning and/or

corrosion of the features. The results are shown in Table 27.
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" 8#40% 8A¢§x)cbus sAUEOYE 84 ( 1va® phellitedEdY combining 99.0 grams of solution “Sl" and 2.5

grams of Sodium Dithionite (solution pH=6.7). Aqueous solution “S5” was prepared by
combining 99.0 grams of solution “S1”” and 2.5 grams of Sodium Sulfite (solution pH=12.3).
Agqueous stock solution “S5b” was prepared by combining 1,775.2 grams de-ionized water,
96.0 grams 25% aqueous tetramethylammonium hydroxide (TMAH), 8.8 grams trans-(1,2-
10 cyclohexylenedinitrilo)-tetraacetic acid (CyDTA) and 114.8 grams tetramethylammonium
silicate (TMAS, 10.0% as SiO;). Aqueous stock solution “SS5c¢™ was prepared by combining
900 ml de-ionized water and 300 mi solution “S5b”. Aqueous solution “S6" was prepared by
combining 80.0 grams solution *“S5¢”, 5.0 grams L-ascorbic acid and 18.2 grams 25%
aqueous tetramethylammonium hydroxide (TMAH) (solution pH=12.3). Aqueous solution
15 “ST7” was prepared by combining 80.0 grams solution “S5c¢”, 5.0 grams hydrogquinone and
27.1 grams 25% aqueous tetramethylammonium hydroxide (TMAH) (solution pH=12.4).
Aqueous solution “S8” was prepared by combining 80.0 grams solution “S5¢”, 5.0 grams L-
(+)-cysteine and 29.6 grams 25% aqueous tetramethylammonium hydroxide (TMAH)
(solution pH=12.4). Aqueous solution S9 was prepared by combining 80.0 grams solution
20 “S5¢”, 10.0 grams Ammonium Pérsulfate and 329 grams 25% aqueous
tetramethylammonium hydroxide (TMAH) (solution pH=12.6). Aqueous solution “S10” was
prepared by combining 80.0 grams solution “S5c¢", 5.0 grams Nitric Acid and 10.2 grams
tetramethylammonmum hydroxide pentahydrate (TMAH) (solution pH=124). Aqueous
solution “S11” was prepared by combining 90.0 grams solution "S5¢”, 5.0 grams and 19.2
25 grams 25% aqueous tetramethylammonium hydroxide (TMAH) (solution pH=12.3). Aqueous
solution “S12” was prepared by combining 80.0 grams solution “S5¢”, 5.0 grams 88% Formic
Acid, 10.0 grams 25% aqueous tetramethylammonium hydroxide (TMAH) and 12.7 grams
tetramethylammomum hydroxide pentahydrate (TMAH) (solution pH=12.6). Aqueous
solution “S13” was prepared by combining 80.0 grams solution “S5¢”, 5.0 grams Sulfuric
30 Acid and 17.5 grams tetramethylammonium hydroxide pentahydrate (TMAH) (solution
pH=12.3). Aqueous solution “S14” was prepared by combining 80.0 grams solution “'S5¢”,

5.0 grams Phosphoric Acid and 20.1 grams tetramethylammonium hydroxide pentahydrate
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i igfgﬁ %x@@%@ ?’(}‘8%1}1 %%T@ré@p}@m@). AU 48 dubn GRS YO as' EEed by
5 combining 80.0 grams solution “S5c”, 5.0 grams Catechol and 16.1 grams 25% aqueous
tetramethylammonium hydroxide (TMAH) (solution pH=12.4). Each solution was placed into

a 125 ml polyethylene bottle, tightly capped and placed into 2 oven set at 45°C for 1 hour of
pre-heating. A 0.025 mm x 13 mm x 50 mm, 99.94% pure titanium foil coupon was washed

with de-ionized water, acetone, dried, then weighed on an analytical balance. After one hour

10 of pre-heating each solution was removed from the oven and the titanium foil coupon was
then placed into the bottle. tightly re-capped and placed back into the oven. After 24 hours at

about 45°C, the bottle was removed from the oven. The titanium foil coupon was removed,

rinsed with de-ionized water, followed by an acetone rinse, dried and then weighed on an

analytical balance. The relative corrosion rates were determined by weight loss. The results

15 are shown in Table 28.
Table 28: Titanium Foil Etch Rate Comparisons
Solution pH Potential Titanium Residue Relative
Removal Enhancer Added Titanium
Corrosion
Rate
(all relative to Solution L)

L 12.1 NONE 1

A 12.2 NONE 1.3

P8 12,1 hydrazine 0

S1 12.5 NONE 1.7

S2 12.2 B-Cyclodextrin 0.7

S3 6.7 Sodium Hypophosphite 0.7

S4 12.3 Sodium Dithionite 1.7

S5 12.3 Sodium Sulfite 1.7

Sé6 12.3 Ascorbic Acid

S7 12.3 Hydroquinone

S8 12.4 Cysteine

S9 122 Ammonium Persulfate 0.3
S10 12.4 Nitric Acid 0.3
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lithographic patterning of vias using a photoresist material (d) parttern transfer to the dielectric

b'z_

layer using a reactive ion etching (e) oxygen plasma ashing to remove most of the residual
photoresist. but leaving mainly inorganié titanium containing residues behind (determined by
20 Auger Electron Spectroscopic analysis of cross-sectioned via residues). These samples were
used to evaluate the performance of the solutions. A wafer sample was placed in the solution
at 35°C for 20 minutes. removed. rinsed with de-ionized water and dried with pressurized
nitrogen gas. After drying. the sample vias were cross-sectioned and then inspected on a Field
Emission Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning

25 and/or corrosion of the features. The results are shown in Table 30.

61



&#10%&&' ()- VWWWWWWWt X8#10YR&8#10%R&' () - &#10%&&' ()- &#10%&& () -

&#10%8& () - &H10%B& ()- &H10%B& ()- &H#10%8& () - 4 Sepember 2002
WX xX | \ ROBHAPYRSSH 109 () - &H#109R& ()- &#109&& ()- &#109&S: 8’f

=40" xxX! X' X+XO0X _?8#1098&&H10%8&' () - &H109R& ()- &#109&& ()ECKH /%9&5()
810988 () - &HL0YB& ()- Ox1x2x3x4x5x6xdH, B#&#1098&! () - &#L0%BS ()-

8#10%&&) &
=4u" 8#1DYR& () - &#10%%8 le(§0 F@#SE VQI)Jatxm&Rgm)&@ﬁwpamocy&& ()-
Bx Ex Mk RKY S5 )i6mD0 ,Erﬁu' L#iﬂx@&"ﬂmp #1%% ﬁ’fii‘:ﬁﬁ&&T -
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S#109R&Y () - YB#100R& () -
0 0 Enhancer (% (% Metal Loss)
Added
P1 11.5 20 35 Hydrogen 100 1 (very slight)
Peroxide
M1 12.1 20 35 | Hydroxylamine 100 3 (slight)
EKC-265"™ | 11.5- 20 35 Contains 0 0
12.0 Hydroxylamine
(from
MSDS)
ACT-935™ [ 11.0 20 35 Contains 0 0
(from Hydroxylamine
MSDS)

Referring to Table 30, the data shows that at the low process temperature of 35°C, the
compositions of this invention were effective in removing residues known to contain
titanium. This data also shows that the use of the titanium residue removal enhancer

hydroxylamine for low temperature cleaning is unique to the compositions of this invention.

5 Example 32
Aqueous solution “L” was prepared with 0.3 weight percent tetramethylammonium

hydroxide (TMAH), 0.1 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid
(CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-465, 0.14 weight percent
(calculated as % SiO-) tetramethylammonium silicate (TMAS) and 3 weight percent glycerol
10 added with the remainder of this solution being water and has a pH of about 12.1. Aqueous
solution “M1" was prepared with 1.2 weight percent tetramethylammonium hydroxide
(TMAH), 0.45 weight percent trans-(1,2-cyclohexylenedinitriio)-tetraacetic acid (CyDTA),
0.14 weight percent (calculated as % SiO,) tetramethylammonium silicate (TMAS), 18.5
weight percent hydroxylamine and 0.07 weight percent of the non-ionic surfactant Surfynol-
15 465 (remainder of this solution being water) and has a pH of about 12.1. Aqueous solution
“P1” was prepared with 2.2 weight percent tetramethylammonium hydroxide (TMAH), 0.11
weight percent trans-(1.2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight
percent (calculated as % SiO-) tetramethylammonium silicate (TMAS) and 1.6 weight percent
hydrogen peroxide (remainder of this solution being water) and has a pH of about 11.5. A

20 silicon wafer sample with a cured layer of hydrogen silsesquioxane (HSQ) low-k dielectric
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P28#10YREH#AL0YRE () - G =4u" &H#10%R& () - &H10%&R&' ()- &H109%&R&' () -

XXXXXXXXT X<&HLO0YREHL10YRE () - &H#L10UR& () - &H109%R& () - &H#10%&R& () -

EH#10%8& wis pREDHEL FonrierSTrhA%BEm (Difra-R¥& XKKIR ) @p¥edorh O aid Q% frénce spectra
&H1098& ()- G =4u"&H#109R& ()- &HLOURE ()- XXXXXXX_?<&#109R&H10%E& () -
8#10%&&' V3 taken. o4RQ has- Sigh topgin jts sgucromgad(is -apparenb@ig2{0Q cm™. The wafer

i oves PRI VR eyt Bogiees/i B e fral TKu BT jdmperacure
&#10Y8& (about&#3O9&kiséd with de-ionized water, then dried. The sample was then placed into the
5 FTIR and a second spectrum obtained. The S-H peak area at about 2100 cm™' was used for
comparing the treated wafer spectrum to the reference spectrum. A commercially available

post etch residue remover, EKC-265™ (a product of EKC Technology, Inc.) was also tested

in the same manner, at the manufacturer's recommended temperature of 65°C (10 minutes),

for comparison. The resuits are shown in Table 31.

Table 31: HSQ Low-k Dielectric Compatibility Test Results
Solution pH Time | Temp. | Titanium Residue Percent
(min.) | (°C) Removal Si-H Infra-Red Peak
Enhancer Added | Remaining in HSQ

L 12.1 10 22 NONE 95

Pl 11.5 10 22 | Hydrogen Peroxide 99.5
Ml 12.1 10 22 Hydroxylamine 85
EKC-265™ | 11.5-120 | 10 65 Contains 0

(from Hydroxylamine
MSDS)
10 Referring to Table 31, the data shows that the compositions of this invention are unique

in that they are compatible with sensitive low-k dielectric substrates such as HSQ.

Example 33
Aqueous solution “A” was prepared with 0.3 weight percent tetramethylammonium

hydroxide (TMAH), 0.1 weight percent trans-(1,2-cyclohexvlenedinitriloltetraacetic acid
15 (CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-465 (a product of Air
Products and Chemicals, Inc.) and 0.14 weight percent (calculated as % SiOj)
tetramethylammonium silicate (TMAS) added (remainder of this solution being water) and
has a pH of about 12.2. Aqueous solution “L” was prepared with 0.3 weight percent
tetramethylammonium  hydroxide (TMAH), 0.1  weight percent  trans-(1,2-
20 cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.07 weight percent of the non-ionic
surfactant Surfynol-4635. 0.14 weight percent (calculated as % SiO,) tetramethylammonium
silicate (TMAS) and 3 weight percent glycerol added with the remainder of this solution

being water and has a pH of about 12.1. Aqueous solution “M1” was prepared with 1.2
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(- MQL3>5f ox - & = Aol ohe 8ol - T Thhher 5 -
G ool T Gy, 1] Qe Byl LT TERGRE T > Cper Fon
D' #" 100@F & () - #" 100 37 §us TQogetient) | 6335 x | Corrosion Rate
D' #" 109@F & () - #" 100@*Repoval. 1 doledkeduce LopRER1 & () - 4" 100pAANESrOMIMOUR) | Pa>#
"100@* & [) - #" 1099 & Enhangemp+e ()Corresion g () - #" 1009+ &] () - #" 109%2* & () | #" 10
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-5W8 X DI vV: 3#" 1002 Bydrdzer” 1092* & NONE 109%°1& ()RBWB X 0
D' - #" 109%* & () - #" 10%@P&okilie V64>#" 109%2* & () - 518 X 45 29

A NONE NONE 45 170

L NONE Glycerol (2.4%) RT 38

45 190
85 135

T2 NONE Glycerol (7.4%) 85 79

T3 NONE Glycerol (12.4%) 85 46

T4 NONE Glycerol (17.4%) 85 30

T5 NONE Gilycerol (22.4%) 85 7

T6 NONE Glycerol (27.4%) 85 0

T7 NONE Glycerol (52.4%) 85 0
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0%&>* &&' (CyDaW), 0.07 weight percent of the non-ionic surfactant Surfynol-465, 0.14 weight percent

(calculated as % SiO,) tetramethylammonium silicate (TMAS) and 3 weight percent glycerol
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I"@U4$‘ "Y1I0% & ()- ss10% & ()-1 xam lllﬁ 10>* , <10%* &' () -
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2,0 by A A W o AL

""130%) ShydrexXidYTRIAD)," A.0%veigh) -pefkBl) &rags-¢T, Z:G?@(&Ie@ylened’ﬁmﬁﬂ%raacctic acid
N5 109 0 0 0 €0)0!!
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ig:;g %lgculgég%%ﬂ g?b%%ﬁ;{%)ﬁé&hoal%%@lﬁ‘cz@ S’(ﬁ%ﬁﬁ(and 3 weight percent glycerol

" (" 109%) #ided WithOde SerbinderQofthis (sphutinh WpiRE (Waterlmdhas @)pHholv abtev2. X Aqueous
solution “M1” was prepared with 1.2 weight percent tetramethylammonium hydroxide

20 (TMAH), 0.45 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA),
0.14 weight percent (calculated as % SiO-) tetramethylammonium silicate (TMAS), 18.5

weight percent hydroxylamine and 0.07 weight percent of the non-ionic surfactant Surfynol-

465 (remainder of this solution being water) and has a pH of about 12.1. Aqueous solution

“P1” was prepared with 2.2 weight percent tetramethylammonium hydroxide (TMAH), 0.11

25 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight

percent (calculated as % SiO,) tetramethylammonium silicate (TMAS) and 1.6 weight percent
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"109 & ()-"109 & ()-"109 & () - 5WA X 24 September 2002
" 1099 & 5"10% & 10% & () - 5WA X

| " oég &W(?”m%%' () - /()10%§ A & () - r? VUEL)SSV\A X PCT/US99/10875
1""10% & ()-"10% & ()-"10% & ()-"10% & ()-"10% & ()-

P4 AU s ) AT B 30 it b A0S ot 9B 0

I P #$( - Slacﬁﬁmﬁbﬂam&am)t -SiQ0%) & afer- Wﬂlﬂ‘k@g&b(&i}'ﬁﬂm 660 nm of thermal oxide were
"109% & 8<’?ABEI 44" 1

" 100 & ki rl a&etéig dfigdy then yneﬂw;é) @tﬁ‘}%@&% %TMJ&“'{@%IR%W&‘C{WTEO% &

b e bl i A PR thd (AR R

&Y 10%n&astemehDUfrek tlem®NA Bach shrmplRi & thén 1hOEA fitd IheCiafd, [lodké] §5ed
#10% & ()- | 1 8&4&10% &' ()- ! &4&10% & () - &L0% & ()- ~&y)&l %5& (
_8y) &10%9@lgcpd imq thepven itk af pre-en 45 6y % deft pt rogmitemperaure (about 22 C)

& 1 9100 21T Pl dontal T3 bl iy B Bl i Kb o 9 G

# V! 10%:&:&0%&&&@% &nﬁa)wz\{erlt?&ﬁ&we(d) byVarl @8 dne( singé, HRYUE &nd )men#ﬁa&asu?edﬂ&me
&5V 10%{& -V 10%gr& ()-V' 10% & ()-V'10% & ()- V' 10% & ()- V' 10% & S) : CDEM\V
nmQLv U4V Ingsesoreten/ The aglatiyg etcly rmw&re( Jletermipeq &y(t)lc v!a‘w;nx in thermal oxide

ﬁ \\f‘oigﬁy(@"‘% %hx%@/dager?ged%o\ff@gggfe)a {olndt 100/ %ommermally available post etch

#" (V' 10%e8idhe reMhol AR ¢- )st@{éréddc) ofEROHe8hdol ?ﬁQ 1A 8x0-2

#'V'10% & é) V'10% & () - V' 10% )-V'10% & () - 10%{& ()- V' 10% () erSVU45
V' 1094 & EKC\Terbnqlegy,)ns/, TENE1() - posdper ¢f) EBRTeehnology, Inc.), ACT 935™

ﬁ & 18%%0{3% W 2“ élof\oéfé\g% Qg%g%&gjzlnc ) and ACT-941™ (a product

# V' 10% & ACTY IOV s (a)so\fzeh%{oil& uh): syméOfffifaer) atVikOfbfubdinteP44reMohMidhded() - V'
10% & ()-V'10% & ()-V'10% & ()-V'10% & ()-V'10% & ()-V'10% & () - (r R2445V' 10
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V' 109 & () - V' 10% & () - V' 109% & Etch Rate
(Angstroms/hour)
L 12.1 4.2
Pl 11.5 22 Hydrogen Peroxide 1.2
M1 12.1 45 Hydroxylamine 0
ACT-935'™ 11.0 65 Contains 6*
(from MSDS) Hydroxylamine
ACT NP- 11.1 65 Contains 6*
937™ (from MSDS) Hydroxylamine
ACT-941™ 11.5 65 Contains 6*
(from MSDS) Hvdroxylamine
EKC-265'™ 11.5-12.0 65 Contains 7.2
(from MSDS) Hydroxylamine
EKC-270'M 10.8 65 Contains 13.7
Hydroxylamine
EKC-311™ 10.8-11.4 65 Contains 12.6
(from MSDS) Hvdroxylamine

*18 hour test at 65°C.

Referring to Table 34. the data shows that the compositions of this invention are unique

in that they clean unwanted residues from wafer substrates without unwanted etching of the
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silicate is from about 0.01% to about 5% by weight.

10 4. The composition of Claim 1 further containing one or more chelating agents.
5. The composition of Claim 4 wherein the concentration of chelating agents is from
about 0.01% to about 10% by weight.
6. The composition of Claim 4 wherein the chelating agent is an aminocarboxylic acid.
7. The composition of Claim 4 wherein the chelating agent is selected from the group
15 consisting of (ethylenedinitrilo)tetraacetic acid, diethylenetriaminepentaacetic acid,
tricthylenetetraminehexaacetic acid, 1,3-diamino-2-hydroxypropane-N,N,N',N’-tetraacetic
acid, N,N,N’,N’-ethylenediaminetetra(methylenephosphonic acid), and (1,2-
cyclohexylenedinitrilo)-tetraacetic acid.
8. The composition of Claim 1 further containing one or more water-soluble organic co-

20 solvents.

9. The composition of Claim 8 wherein the concentration of water-soluble organic co-

solvents is from about 0.1% to about 80% by weight.

10. The composition of Claim 8 wherein said water-soluble organic co-solvent is selected
from the group consisting of 1-hydroxyalkyl-2-pyrrolidinones, alcohols and polyhydroxy

25 compounds.

11. The composition of Claim 1 further containing one or more titanium residue removal

enhancing agents.

12. The composition of Claim 11 wherein the concentration of titanium residue removal

enhancing agents is from about 1% to about 50% by weight.
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28. The method of Claim 23 wherein the concentration of water-soluble metal ion-free
silicate in the composition is from about 0.01% to about 5% by weight.
10 29. The method of Claim 23 further containing one or more chelating agents in the
composition.

30. The method of Claim 29 wherein the concentration of chelating agents is from about
0.01% to about 10% by weight.

31. The method of Claim 29 wherein the chelating agent is an aminocarboxylic acid.

15 32. The method of Claim 29 wherein the chelating agent is selected from the group
consisting of (ethylenedinitrilo)tetraacetic acid, diethylenetriaminepentaacetic acid,
triethylenetetraminehexaacetic acid, 1,3-diamino-2-hydroxypropane-N,N,N’,N’-tetraacetic
acid, N.NN' N -cthylencdiaminetetra(methyl.enephosphonic acid), and (1,2-
cyclohexylenedinitrilo)-tetraacetic acid.

20 33. The method of Claim 23 further containing one or more water-soluble organic co-
solvents in the composition.

34, The method of Claim 33 wherein the concentration of water-soluble organic co-

solvents is from about 0.1% to about 80% by weight.

35. The method of Claim 33 wherein said water-soluble organic co-solvent is selected
25 from the group consisting of 1-hydroxyalkyl-2-pyrrolidinones, alcohols and polyhydroxy
compounds.
36. The method of Claim 23 further containing one or more titanium residue removal
enhancing agents.
37. The method of Claim 36 wherein the concentration of titanium residue removal

30 enhancing agents is from about 1% to about 50% by weight.
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