MICROELECTRONIC CLEANING COMPOSITION CONTAINING HALOGEN OXYGEN
ACIDS, SALTS AND DERIVATIVES THEREOF FIELD OF THE INVENTION [0001]This
invention relates to methods and cleaning compositions for cleaning microelectronic

substrates, and partic ﬂi:%lr% I E%IR it \j lag jmproved
compatibility with micr@gﬁsgc%mc Su g?!]igg;c ar&ﬁé@%@Qﬁbﬂ%ﬁgﬁQM| ve low-K
or high-x dielectrics gl Ge¢ oI BIFKE: §[‘?#l'.'°ﬁs')mﬁiDE‘ﬂﬂmki?|§bS°ﬂ@ﬂ%F
platinum, chromium, ruthenium, rhodium, Iridium, hafnium, titanium, molybdenum, tin and
other metallization, as well as substrates of Al or Al(Cu) metallizations and advanced

interconnect technologies. The inventiBIERBORFHESIMWENTISNOT such cleaning compositions
for stripping photoresists, and cleaning residues from plasma process generated isorganic,

organometalli inorganic ' ' fization processes
such as Chem?c(,?gtlaflniechiﬁlil%:glrl1 %%m@m%%%%%g@%@%@#@ﬁﬁg @W%@ Faning
20[0002] Man{shesiselspsic pippriratapdarsisadicalaty épsshatednastingropoumsitinngsesiefuhe
microelectroniggfields dey fe%b%\}éﬁCkc%?ﬁp%iiﬁﬂﬁ){“WaCFHf&‘ﬂQeMkﬁrﬁﬁé‘”eéEbéﬂéﬁé%

manufacturing process a thin film of photoresist is deposited on a wafer substrate, and then
circuit design RORRRRESH e HiseRIFioKgRoRANG BiIoy-the uNEBmsivlectica padicopper,
rerSO\ig_d with m@%@ﬁ@i@ﬂ@ﬂdﬁ?p@o@?@o@ t,J|ﬁﬁl§hﬂﬂf}‘%edféﬁham§@ﬁ68mﬁ}mdh%niurﬁ,
underlying material, which is generally a dielectric o tal, by way of reactive plasma etc
gases or cherrrlﬁ?(? '%’t‘?:h'é'ﬂl”é&ﬁr%?ﬁ' L."¥??H%%%@nf@%&@femgﬁeméqitﬂ%ﬁt@%‘5@0"' as
selectively attae tize phiistratig-ofprdtentetl(@repn witthtizatmstsatand\sdvarstdt ofrtfeecptasson

etehing procepsiphataies el Saumaas 40 Aichad rpeRL gy aBroduaR A R SRROSIIGR:

the si etched openings on the substrate.
100031 AdditiéPamfirpingpheivresistmiaatoriasiing etsitddgssfepmtpassiispragessnaeserased
removed fro .me?teﬁgsH&f@@aﬁ&t%waﬁ%&%r@%@%&nmnam IoBsfRLKm

place. This can be accomplished in a plasma ashing step by the use of suitable plasma
ashing gases RIRIZAIEMRIQCERTSS ST RuRRGRicRli B RhaNicHiRglishing §eMBN-for removal of
this resist mask material without adversely affecting, e.g., corroding, dissolving or dulling, the
metal circuitry has also proven problematic, 1a[00041As microelectronic fabrication integration
levels have increased and patternedppiciReRCUNIE TEWWeEJNVENTIONhave decreased, it
has become increasingly common in the art to employ copper metallizations, low-x and high-K
dielectrics, These materials have presented additional challenges to find acceptable cleaner
compositions. Many process technology compositions that 15 have been previously
devel@fed forl8PQditionMaay Ritriceefishalrresricand iesiiufe tareavesy aav deen Brameed
AI(CU)15i02 steCies iRATRE! RAPEaReVEHitERPREY, HEVIRERaAN G UBLANCKRL 981d the
cobalt, palladium, platinum, chromium, ruthenium, rhodium, iridium, hafnium, titanium

molybdenum, TAAHRCHARY niBgIPEaNSsd oW Ko Hmpkfmic@'ﬂﬁ?fﬁre%. i ééilﬁ}nﬁfe,
hydroxylaminetiftohsaststdsstitppeited tesiluakarsaveraempesitienscheisdesessisivagaddar
cleaning deviges with %I met gﬂgyv%ls, tt)) t.are racticag}/ unsuzi(ta ble &t’ort 0se with %O%%r
and other me?ﬁﬁzﬁ“ NS Similar Y, mgny ef netam2ed/ 5047 g?rlbsée LFERGTSufahI&
for Al psetallizpbicdendsiet deNefpsignifibarread|tisgnimateiist tiketotransitiveds tar¢henaddeBing

[0005]Removﬁlﬁ%ﬂ%ﬁf@ﬁéﬁnﬁ%@@éﬁg %gﬁ!%%%&ﬁﬁ?%%ﬁh B)PWrég‘éf%‘éEﬁ\/@S/ﬂé&ﬁQi%?ch

process has prove ely remove“or neutralize these residues

can result in tH@s@ssefpaosrocal oplehanhriptions:nidtfo retshand cansas com sleraisah stahant
cause corrosigg|fidhs BRIGNIRHEHEER tH BrRGEHI HPRIRIMN re s of PRESLIBY R, As a

undesirable materials and%i)roduce discontinuances in the circuitry wiring and undesirable

increases in dRRYHEIhssRigaRe qishig pisesarBhPinierIE §iehing drsarfheichrddnalegalor

compagbility Wilthroducts are deposited as residues around or on the sidewall of the etched
openings on the substrate.



certain, sensitive dielectrics and metallizations, ranging from totally unacceptable to
marginally satisfactory. Many of the current strippers or residue cleaners are not acceptable
for advanced interconnect materials such as porous and low-K dielectrics and copper
metallizations. Additionally, the typical alkaline cleaning solutions employed are overly
aggressive towards porous and low-K and high-K. 10 dielectrics and/or copper metallizations.
Moreover, ma f thes %( line cleanjng.compositions contai anjc. solvents tg t show
poor product s y, € [ rang igher pr e ratires:

cuct SN, cobRBLRy O GTIBTIS ol SR LB el B S0 Ber e SEor
[0007]Heretofarmstxidirstrbbaeenbeed fread fhecleaténtecoarpasifothe ivafBmpsiontrly thguiteals
form. Oxidizers, sughas e eemmonyusaddydiagen peraxide and Bsracids, ALe KAORIS,
react readily or decompose easily, especially In organiC solvent matrices that have been
generally empiigpdiy shipping cdnspiishienglasmaucisirisgugssssherowelizihgaigahtstippers.
consumed and-hegamesJinaunilanle RlgtsdmisadRshRS: AABNANBIMNRIFSSISRIRihaterial

cleaning compositions containing 20 oxidizers often show poor product stability, especially in
the presence J¥idighiticariairriy nasefting wid or RGBT rglsse kidefts it &Gh@i‘%fﬂ'
ranges and high-piRaeRadATRERIVERSpfoIEAamOre, in many compositions the use of
stabilizers and solvents often tie up the oxidizing agent resulting in diminished capabilities of
performing effective oxidation/reduction reactions employed in the cleaning 25 process. In US
Patent No. 6,116,254 the inventors teach introducing chlorine gas into pure water in a tank to
thereby gener§@®@hloriddsomicioghecnuiitcfabricatinforicddoratianderdtrdievierindreasepuaad
water and, thepuRRIGIEGShFRIR JhRRUENGHELRY R tcBRaBg: BYRl 2eEAAE

scheme is not well contro or stable over a period of days and is certainly no

environmentalSFREFINSKEPRUB IR B e RHEr BEW IRy gridRRl N ekrllizatenR: BMisapd bigh-«

chlorine is limitgeldetAes moreHbse Quaterdie teathe Ipritadinadf daaifsnarnitilehlyénadagnd
dissolvable in the water. Furthermore, the pure water solutions with dissolved chlorine %a%is
e e that

always an acidiCTRRRRE SHBARGCHBPARLNS in iGTOSERE EPARNQIRAY nE BRSS!
solutiongs deshiaveobsequpenidisie deesisush farcitaditigras ubiofreannatto st femniebpdodtart
capable of bei ackaged and tr ted for us site r e its.pr ion., AlsQ,
the patentees Es}%éﬁg%#a |n(|1s'?I g]c')rﬁe%unl%?g ﬁe%eg‘i(gﬁ{g}g%re%% ne}%ra%%%f%g VISI qg%gr?d or%
UV light to thegsunieeivatiengsitiotantatinainingkele daldolvebatinloaladis, iplatinento ghroreinm,
decomposition fiRgLRARUMAGTIRE PHERWEISRALITONRaRARInG R disnalyedishisinedgas:
is is also temperature sensitive and is %enerall kept at a temperature of 10C while being

generated andipidilEafiyaRd Jow-sPbhiglhse ARpEiFRSHIERET®Ts EIRaRATBlRt BNy REnne
desir:al%lf and b@‘é@g??trﬁm@ﬁ Hﬁlrké&ﬁj@ﬁ?éﬁﬁad @ﬂ%%Bét’ﬁ&FsBrFéW&dﬁfﬁl%N%&@?Bb&Ebﬁgﬁg
is, therefore, a peed for microelectronic dewjng compositions that are suitable for en
cleaning oper %“%?%m{gﬁ é@msfﬂﬁ%sﬁgrﬁrel’éa@&%ﬁ%‘f&&ﬂ&é’ﬁﬁ‘a{ﬁef%dﬁaﬁ?e"‘fﬁﬁ ﬁ?&&ﬁﬁg
photoresists andd ieitveing etslithadisisonSipliianyamemyessppen enateliized dnvcx s ipperaetal ot
and inorganic 20. paunds, cleaning.resi from planarizati e as,C

and which canggét%&ﬁ%dofé? azl\lla(r?;@é%] ﬁnztr%drscgarﬁlz%%gma@%%% em%gly%%ccggg'é} @%ﬁ%ﬂ?&r M%
metallizations,dagipaiiippstaretiiatisd to tungsten, tantalum, nickel, gold, cobalt, palladium,
platinum, chromium, ruthenium, rhodium, iridium, hafnium, titanium, molybdenum, and tin
metallization, and porous or non-porous low-K (is., 25 a K value of 3 or less) or high-K (1,e,, a
K value of 20 ter) dielectrics_as well as usefyl for cleaning conventiong| devices, such
as those with AR BETNA GimReHh el e aRBR M QDG TR R R £
or high-x dieleatigfor Etiagspaazssriees jrovedchrotdemiaticco frgiluséi tn sahgiletebio-@itialts or
and drawbacks of the cleaning system disc n S ’ 4 igned
hereinbefore. ?ﬁl%trlﬁﬁlze% |o%sg?rs%g('rqélll§f%e§%o }585‘?@ %‘ﬁ&ﬁ@?@é‘%ﬁﬁé‘%ﬁ%ﬁaﬁ@ %‘%E‘gfﬁ\ﬁé% i
cleaners for clefnindeslirablsh metdéciedsothet sandwmusageonigsionctmditometadsoopivies bdbe

discoveted thagrilRr v rmiGHaRIdron L RERNINS FOMBOSIHABSIapE CARIRAARCARI Hialce
substrates, and partiCularly cleaning compositions useful with and having improved
compatibility with microelectronic substrates characterized by silicon dioxide, sensitive low-r or
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15 alkaline bases, non-ammonium bases, acids, organic and inorganic metal cheiating or
complexing agents, cleaning performance enhancing additives including metal ion-free
silicates, metal corrosion inhibitors, fluorides, and surfactants. 20tOoillA further feature of this
invention COMGISe ﬁ%ﬁ&éﬁ%%‘s’eff{ e e &fﬁ?%ﬂn‘?y ok ﬁﬁ'c?essi%%gea“ﬁc%%%ﬁaﬁ“Yr?seﬁ%S{r A
useful in this invention are stabilized, as o their available halogen, by the use therewith of a
stabilizer compesisiangeat is a triazole, thiazole, thtrazoie or imidazole. This stabilization
feature is particularly applicable to microelectronic cleaning compositions of this 25 invention
containing an oxidizer selected from halogen oxygen acids, organic salts of halogen oxygen
acids, particularly organic salts of hypochlorous add, and especially alkyl hypochlorites and

tetraalkylamm hypt¥hiohfent back end cleghefeagpw & WEE kP PRty with
INVENEION 38éviédin RRRESifRRIER EhdE abfd MENTIZatiOe, 2ah g treal haskyanthcceptable to

microelectronic cleaning composition Wthis ipyention Wi# amprise an oxjdizer selected fro
one or more o%%-ﬁ@%gowgg%%%, [ &’B'a |c|}§18u0¢8%n|scr? Nt r&éﬁ?&?ﬂ\??@ﬂ%%%? no
wherein the deabmptelslarémeIa«tvad_dedmimtarogemmm@ahsams;fchasrirp@rdiuaid!ﬂq:HMke
monoxide, a”%la{deﬁﬁ@&o%apegg&?@t%@m ?S%E.W'Khﬁlﬁoﬂ%lw,%@iﬁl 08 LiREAEUREhRg

hypochlorous acid the cleaning composition also must contain a non- éYmonlumproduc[ng
alkaline base. SHutioaR GERPEXRIE ArECRISIYAREITESSING dONWaIEHh HRTEHS Ve JaWeredN thbitlte

such compounglsuhigrsiniiR hapaen may Ra e iMfoldREPen BRYBIRABGIRMNE ML RHE

especially chlorine, bromine, and fluorine, and Ic more especially chlorine. The halogen

oxygen acids, SRR aFHS KRR arerBIS: Al gaadhalyShevkReNPTRINE SirhilibsifsRsRially

amount, basedpRighertpiakieiebilapiitberighappridess aéiiparcairist 0.001% to about 30%,
preferably In an amount of from about 0.001% to about 15%, and preferably in an amount of

from about 0.001% to about 8% by weight. The compositions will be such as to generally is
provide from about 0.001% to about 30% available halogen, preferably from about 0.001% to

about 15%, and®@die prerieiBipRorRdseiso ave heeibdlresdmvaRabiBth Aeawediians in

compositions, whREeiy Hueyadabimhaeepis, deaimined iametic isatinpirdgeHedBkiliee
halogen oxygen acids include, hut are not limited t%ldhgﬁohatous acids, halous aé]ds, hallo

acids, perhalicPidRETaAEHAFYERUBHIA TR BRAN S BPHREBRIGPON efSRRHRS LSRRI
Ts. Examples epiospeaialiicasethhhiadvgareonymeie g smnploged hicsivippingidomppsitidnsouis
4. hypob 3 chlotic acid.. finplp : : "
s, Such as ST AT SR R 3 G RO B G SR (TR RIBEE R
inorganic salt dftgrsihdiogn oxfgditiemly, nraipioelecternisiopish it ecopmnpaititian scontaiging
nventig. The dapiigRiGREH BBAMIoBRRALESERIRICODEAAN RPRS BIBMSIP U SifRhnt

limited to, organic and morgaﬁmc 30hypohalites such as hypochldrites and hypobromites

chlorates, chlopfeRUakHohR-WGr-RE SNaeerfraRaifSeledispreat RIBReR IFaRgeaIRARHgN
Earth rr?letal Sakslﬁo%%kyé}h%ﬂ@sLhﬁaﬁh&mﬁfaﬁarﬁaﬂl GRS nﬁﬁialfhéwewlefaﬁmab
ypochlorite salts, most especially suc ochlorite salts, and.in particular sodium angd.
catoium hypocATHRONATIR R decHn SR AN RYBU UNE A TG BB R e o
sodium chloritpefftrhiitin\esiittinte onjdatiorsedtiottioa hadagiiomexyeplaads imayhbe cleaning
employed in the compositi his inventiqn. ~auch organi Ilts ingl Jimj
o sl Shiortds S PE e B e e OGS Iedeh Mo iy Saehe das
tetraalkylammdntiurpthgpoeitdorites dabkthutthereykgensmninichiotkirians ahiradbiiiaciens,

ralkyiammoni gy upReiaie igkAe iodARIRBARL LRI dikesiafptiarling BhemaeRil

hypochlorites, and benzoxonium chlorites and benzoxonium hypochlorites. Examples of such

preferred metdRfddeWeleisglylas fRtklaavRethLels Cleaane, sobgpe is not well controlied

tetramethylampanisi, seERSHYldaINVRYSIAT. IS EaRERRY ABTBSAIAMEHRMN MG @R Ras
dimethyldiethylamrnonium,_(2-hydroxé%§‘h )tri inethylarnm an ju

um.glycidyl . .
trimeth{fammdRXif RRRFBISRIr RSt Ae tiRaARRLALAT, ﬁ'@ﬁ@‘{)ﬂﬁrﬁé’@fﬂ?&rﬁﬁwmﬁﬁ‘ﬁ to no
totrabutylphosphonium and benzeixonium salts. Especially preferredmetal-free salts
aret-butYlhypochlorite and 20tetrainethylarnmonium hypochlorite, [0016]The derivates of the
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(0017]Especially preferred for use in the microelectronic cleaning compositions of this
invention are sodium hypochiorite, calcium hypochlorite, alkyl hypochlorites such as t-butyl
hypochlotite, and tetraalkylammonium hypochlorites such as tetramethylammonium
hypochlorite. In one embodiment of the invention the microelectronic cleaning compositions
of this inventiomai# toanaiBestakiititedipiteiomriitteirmeurdef eilatan-dns Hige¥atle the

compositions. ﬁ}gc gngilﬁjﬁﬂejg«;g}gmmé Be AR RIS RO RN SRR B UGO8 ks is

imidazole. Such stabilizers incl but are not limited to, benzotriazole, 1-

hydroxybenzotabiaie. B1ontisHShatisetivaans, stkeyal LEaRe i, stiveiiors where an alkaline

benzotriazoie-Yyearhr dit Al ioduLiRReBZ AliRTale. INNFesnle, Aemzimiriaarlg solution is not
2-inercaptobenzothiaz0le. 2-mercaptobenzimiciazole, 1-phe y%]érH-tetraégle- - thloi

,and |
5-pheriy1-1H-t@RESRTEAPMRAHS saRa RGP g AR HansRied LPsHRf gpa‘rt‘)ﬁ&eer
employed in thesipyeatiesnnay heanessiablaeaotid, paonige ey, fakedoméimes
total weight of the composition, about 0.5% by weight or less, aenerally. 2% or le
and preferably ﬂ%ﬁ%ﬂ%ﬁfﬁ.ﬁ%%%ﬁoﬁw. 8 %ygwé'fa'ﬁ’ 91%”3 ?s %Wz@gﬁﬁa&g g'éeaﬁé{&% ﬁ’)%%ﬁre
composition Saiguiidih toethiningethexdigsi\acd:atire: .gmmwdehéoememnhaiﬁpanmpsition
most cases prefe rr{qllbc%'?lfrr"f‘rg led o tBErée\%ﬂ%F%&%BW ﬁgﬁ@r‘ﬁﬁbﬂ?ﬁehéﬁwvrbﬂxé’ﬂeﬂr@'gﬁﬂt

y fo -fre yl

15 or derivative thereof Is produced. Especia r metal-free organic salts such as t-bu

hypochiarite oralswaterpssiatinm sanaitivey pochioraeneralytkenizal o greprmue fotfasomils
employed in (N GACHGAMTIINTENR BHICRLHE REPAE IsRrodiect 2REEaINAIRYEHY dleaning
0

available halogen the product is maintained, or at least its lessening is substantially
abated or inhibREseIDROMRIY AREiFARIEIESRYSEM TR § b ipositions of this invention may

be and preferably are formulated as aqueous compositions, but may be formulated as
semi-aqueous and non-reactive (inclusive of minimally non-reactive) organic solvent based
compositions. Generally, the preferreBRIERSUISMERY.Oh & HEIVERTWNe present as part
of the rz]i%ueous portion of the other components and/or as additional added water, However,
the co

ositions of this invention ma;g%so be form I?ted with pon-reacti e or anig ns‘olc\)/e{ntﬁS
which are chos&PB8ked Hhetife Balhié ?fﬁmag%ﬁeéiy%’eﬁ“%?&%‘éff’BPd‘e’ﬁ(‘?é‘t‘f?/% fiereor o
employed. Exathpleaf sudalssitédhiebamh-readtivieanianiopetatons,inchide, bargesiions are
limited to, sulfolgne 30(tetrahydrothiopene-13- sylfol A-Rr X , Q= ;
suifone, sulfoleﬁ?ﬁ%&&diﬁ%&%ﬁoﬁ%&- ?1%%&%%%@3%%%%&%&%@%@5 s%ﬁc%ﬁ%iseanm.g
1-(2-hydroxyetiresigyas lfdimomeeguiEr pratesshgrpeatad e ganim pionRaeialls @BRdiRerganic

(NIVW), aind diWﬁ%ﬁﬁ@@i@&n@@"é@d@&@?Pbbﬂf?ﬂmﬁﬂm@%béﬁés?%uéﬁt% apholind
such as methanol, ethanol, propanol, butanol, hexanol, ethylene I)é%?ﬁl %ﬁ&ﬁ&?ne
o)

lycol,

glycerol, and h efals 10| S

axpitheraR SR opsRTy feall i vaRRes dntarearaeeh SRt l’é‘ag and
(CEi2,t2zY2), Wd(Sjlﬁ@ Yniﬁa’irl]iﬁélmg.n memimdgfmir:]ﬁaltwhﬂfefmom ﬂ.utrggteaumh dar, exiekelejold,
CCl4, 02015 and C2F6. The organic salts of the halogen en adds are t .that are. .
generally formufQ&ftin Qﬁgaﬁﬁﬁg’e f%f')%“&?ga E%@N)ﬁﬁt-%%@%%%m&lg@gr% ﬁﬁc?d\';gf\?érﬁﬁﬁgrqq '
the organic salttigaatumljyldymimiietjtearit¢imaretalizétien ayahposnisarntrismpoerugiewhidel.e.,
sultan, sulfolene, S%ﬁ&%”%g;ﬁfﬁ%#:%&%@% 0L SONENL) JOEr D UL UrBLRTY BRILUMRES as well

composftions oftfis gther the solvent is Water, water and non-reactive organic
solvent, or non-esautietibfgatieauivg reeanBrignsiaeYiessmpusheas ntimese AP ostigminugh of

amount, based g 5 IAFRIGIGN' AISHALTERE S EBRLAGTSAEOH! ERade, 2oL 99y

weight. [0019]The mic onic cleaning compositions of this invention may ogétiona

li
contain other cofigiemieegs Hieie i AIRT SeRRAFbINE HWShHRFEBM FeRIRGALCaR tﬂ\éﬁ"@/ﬂ%ﬂﬁ
components inciyde ghiiisHaE At esldamintk alaehnenscrBE PR S| drhtore rNaMBbIBLEE4 as
bases, acids, organic and 20inorganic metal chelating o corjg!exi%zéﬁnts clea{ai(p% af5
performahce enﬁ'&ﬁ@@f@egdlﬂfﬁiﬁg‘#ﬂﬂﬁdiﬁa'%%qgﬂg@[ Osff , EBIFRSRINaN ig]%rs,
fluorides, and sydaetanysefieedll Themdkslioe desriig ahsndmindobsnoyEndueide tege arfigH
can be 25 present in an amount, based on the total weight of the composition, of from 0% to

about 30 %, generally in an amount of from 01% to about 30%, preferably in an amount of
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R4N+01-1" where each R is independently a substituted or unsubstituted alkyl groups,
preferably of | to 22 carbon atoms and more preferably 1 to 4 carbon atoms. Among the
non-ammonia derived alkaline bases useful in the compositions there may be mentioned, for
example, tetramethylammonium hydroxide, tertrabutylarrirnonium hydroxide, choi ine
hydroxide, ben??ﬂﬂ ﬁylammonium hydroxide, a tetraalkylphosphoniurn such as
tetrabutylphosphonium hydroxide, benzoxonium hydroxide and the like. Inorganic bases such
as for example potassium hydroxide, sodium hydroxide and the iike may also be used as the

alkaline base. 10011 e, cOMBASIIORR A fbisdnVRRHOT MRS hARRIAHYFRS1N:ARN g

suitable inorganic or'organic acid. it is generally preferred to employ an inorganic acid if art
acid is employS@MMRSIHENS {ih BRABINGISYEPRISAIRNaIS WS RENSH @&%d&%ﬁﬁ@@%éﬁmﬁtﬁs
desirable, and ggm hssRBH @I IOGE RIS Ve @emqraabids: mtarimasabewiaele

acids include, but are not limited to, hydrochloric add, hydrofluoric add, sulfuric acid, = .
phosphoric adF4PRIAEsENGERseFREL RIS A Bioxs Qséﬁ'i'ﬁq'\’ﬁéo%ﬁlﬂﬁgfﬁgﬁ% Piffdrics and
invention in an gsppentilaseshomatitaltoial vekightefidheebattp psiteathuef, frdutiifn fachhobium,
20%, generally in,an amount qf from about 0,01% to about. 10%, preferably in an amopnt of
from 20about d %%n?ib&'ﬂl? %‘?’[o ﬂ@rggﬁjlfg%mho}%gﬁ‘fg‘ Chﬁ%&%éeonr%néta Coiile ﬁE‘)Sr
agents are not meztalliedtidnyt axffeect s swritisttaie s efit A\ lsac AES fp mstalligsito e @y eatipaoded t
stability. Exam | i inpited to
rans-1 oy o T O A L crrger
(EDTA), stann&esphigiagp ebsphidizey, aalgriashEUh e R s @siflmtralisefgsaid acids,
ethane-l-hydroxyid. kphRRRNEAE) WheRRh aRRiessRoRiedy g tisaRdiamiienhalogenated
diethylertetriamine, or triathylenetatramine functional mmeﬂes_q{;:’,g. ethylenediarnine .
tetra(methylendSPRGEHERicANRINEE SIPWAR), SBArEIRy IMERERInE R nhyRAGHYIpPhosphite
phosphonic addpniijtsRetcneitetramineovisyafiaetiyienethbosyibigsc Beibypbblelamptisnatid the
heisting agent V\ii” be present ir.gthe fom osition in an a(r)n(_)émh‘gased_ on the. rt10t%j Wﬁi_%hé é)sfe
the coriﬁositioﬁ,e 0[S MR Va0 o,%l%%%?%'ﬂly F A o R R aB ot 5% '
[0023]The cleaiﬁhuﬁe_mpnh;ig@mbﬁiﬁsmﬂmmﬁmyram_@ﬂmmgrimmlﬂmmeﬂﬂdgesidue
performance eRORAGRIAAH LiamIRI° SRIEPESHBBRAKELS IRYCTIERy ARG X660 tes.

pyrogallol, gallic acid, resorcinol a and particularly metal ion-free silicate stabilizers.

Any suitable mStithomireeeiartanicnAganingssanypasiliensn Sulitemarsiap s pptldrentalrash.
The silicates argprRietRitK 4Rd YHRIGHRABHARNOSHINEHIsHRfasabbAtiRIRRdmes oM

silicate (including hydroxy- and alkoxy-containing alkyl groups generally of from 1 to 4 carbon
atoms #Pthe alRPCHLRGRNGOERYPERPRINEIBSferable metal ion-free silicate components
are tetramethylammonium silicate, tetraethylorthosilicate, and tetrakis(2-hydroxyethy1)
orthosilicate. The cleaning performance enhancing additives may be present in the

composition in A AFOYAL BARGHALERRIO R MRIAR! SbMBRBROSHICRMIET IHEMABAYCAR K2

30%, preferably in an amount of from about 0,1% to about 5%. [0024]The compositions of this
invention may Bistemamhighi ARUSRKS O RVNIATEROHRINBPE-8GHALSHRIIARK €., non-
thiazole, tetrazple e BRBATCRIGEMNIFRER 1 rINaial saresienyuhieasildergarmdasibiit
an amount, based on the total weight of the com osir%'(\)%r%r, of froiﬁﬁ(}% to abou 3C¥V é} n?ral.lx
in an aRfount oPA%HA:HRAIPBIURE é(ﬂghf@/cfrg?%?) WGBS LTS E)8Utﬂ§/o
25[0025]The clegyirg ecinositionRgl oypovhilyimathalsohemiaina zitedieideyr fadionds sulfolene,
Examples of suitable surfactants.include, but are not limited-tq, dim I h i0l. lynplz61),
ethoxylated tetfe?i?&%@? o%rcfnggfgﬁ uitybr?%?hféS ,° %50 @etraﬁﬁ?’o%ge%ﬁiﬁéngsw&%ﬁg% 8 ﬂ%
cetoxypropylbeitataeti@oayd Midatie fiy! ﬁ@pgmon@iﬂme@ﬁa_em ViaRideee fao asma
present in an 3%38%%%§b i R840 4ok W h SN SR RRFEIAT UdHBHIAslOAROHAve

6%, preferably 0.0 out 5% and more preferably from about 0.001% to about 0.3%.
(00261TMe cledmpigein posinatidliyayilissripaaiealfprisntahsiaies ehrsacterized by silicon
ammonium-producing fluoride. Examples of such suitable fluoride compounds include, but are
not limited to, tetramethylammonium fluoride, and tetrabutylarninonium fluoride. Other suitable

(7]

-5 -



20o0xide and tantalum nitride) can be readily cleaned with the cleaning compositions of this
invention. [0028]Examples of cleaning composition of this invention containing metal

halogen oxygen adds salts thereof and derivatives are set forth in the following 25Tables 1
and 2. In the following Tables 1 and 2 the abbreviations employed are as follows. Na0O1=

5.25% Na0C1 gieiide.synssiveipwsnaidugi=<Alirlestis BBRIBMIRIAM 55086 Whaiigha,
chlorine NaOCL:3Q!utinn B 5AMMERH D NARAS Ui MRSy bl Weiine, HEHRIST

Chian acid TMAH= 25% 'I’etramethyiammmonlum hydroxide (aqueous? CyDTA=
trans-1,2-cycio@RiHB dimelRs eayaa it @aA PR ERP B izRiRYe AR HEl 2F SHRTE O RIcAL R

DC= ethylene glyenl)\Wrsgir-adeiionadvatennved Watttdrpschqesnidospstionddicomppntiets
Zonyi FSH= Surfactant TABLE | Cor&;l)?dsitionsiP.art

Compos?tions/lgléﬁ’?g'w Wé’l‘gﬁ’ﬁ?ﬁ@ﬁ 4 c‘:TKF&B‘?,‘]Sﬁ%ﬁ&“%&éﬁﬁ@%ﬁﬁ?%%ﬁﬁ”
EG EDHP CyDsatnpleidyldobtdining very stubborn plasma etch and ash residues and also
hardened (e.g., polymerized) photoresists that are generated in the manufacturing
process for producing Cuflow-x and high-x dielectrics structures, whereas other
highly aggressive reagents such as HF, hydroxylamine and strong alkaline
10 solutions often fail to provide the necessary or required cleaning and to do so with
acceptable substrate compatibility. The cleaning compositions of this invention
may be used alone or coupled with other cleaning solutions. Additionally, the
cleaning compositions of this invention may optionally contain other components
employable in microelectronic cleaning compositions, including but not limited to,
15 alkaline bases, non-ammonium bases, acids, organic and inorganic metal
chelating or complexing agents, cleaning performance enhancing additives
including metal ion-free silicates, metal corrosion inhibitors, fluorides, and

surfactants.

20 [0011] A further feature of this invention comprise the discovery that the
halogen oxygen acids, salt and derivatives thereof useful in this invention are
stabilized, as to their available halogen, by the use therewith of a stabilizer
component that is a triazole, thiazole, tetrazole or imidazole. This stabilization
feature is particularly applicable to microelectronic cleaning compositions of this

25 invention containing an oxidizer selected from halogen oxygen acids, organic salts
of hal'ogen oxygen acids, particularly organic salts of hypochlorous acid, and
especially alkyl hypochlorites and tetraalkylammonium hypochlorites.

DETAILED DESCRIPTION OF THE INVENTION
30 AND PREFERRED EMBODIMENTS



, Water  (00291The cleaning capability of such microelectronic cleaning compositions of
this 5 invention is illustrated by the follawing tests in which a microelectronic structure that
comprised a silicon wafer of the following structure, namely photoresist (PR)fcarbon doped

ide (CDO)/NjridejC ' I .in.a fi he,mi I IC.;
ot mmersecl IV BEo:1 LAY G ) BRI ) RO Gl OB e
(Mallinckrodt Bmmanoyi&rmblﬁm{shmquﬂizpemmedtfm (o éopBOminwichkaingerhexygen
e Com SR SIRR: IhREORI e Shd HRiRAuRAE teR UG Tha'Beatces

washed. Composition Aremoved % of all PR (bulk PR and tough "skin") and
stubborn via reslaelsctedrioositielpgeanie @ignpitedrést HuntiBa siaYrec sHpanNe M mwide,

there was no %9&?%@%%%%%ﬁ\t%%ﬂ%lé%%ﬁﬁl@i%@ﬁ:@ﬂ&?ﬂ%ﬁ%@ fesudRie 8. a

first microelectronic structure that is comprised a silicon wafer of the following structure,

PRICDO via, WYBIRIREPSE ARAEBMBESRIBE erpireskien2is? SoHsTiRaRaIn@ et AmrteaHm-

water rinsed, 3 fuSRECAKANKEOBIIIONTRSHbEh OhijigeRantieoBaesiipR AR B tIiE) esned

in Composition | of Table 2 for 30 minutes at 40C and then water rinsed. Compositions G and
| both removed M DIRGP W?J\‘!-'Bléoﬁ‘ﬂ? E?E}P&?Bﬂaw’ﬂgkyﬁ\‘) E‘Q#d %n&%g;go‘la?ﬁrﬁ%{me’

residues: ComfpagitiensrEivane drdsiodinbiltite ciexestieriabutisitrrite coraputiti ktydsfluceitkeand
was no CDO etch. [0030)Examples of cleaning co iti hig,j ' ini

metal e halGUER SRPRSR Ho L Lk Hder el qomat Adegs Saly BRI Mereor
wherein: TMA@{ igBotudnnba Petsantdthijiasompusiticnipashisriesiplvitesedssnihsipizbreight
stabilizer) as prepar el 64RBATAIIDLM KBIAWHG029¢5:d ALMAGKSL IHHPELET an amount of

Tetramethylammoniun hypochlorite (with about 0.1% benzotriazoie stabilizer) as prepared in

Preparation B fesrovahguiseiffdte so-anouhiethy R nreRIFP B Ab AEUIL 1R Fiorh 72994
available chlorngoiwithaeetp 49% benatiazoEnhstabiipesitions will be such as to generally

15 provide from about 0.001% to about 30% available halogen, preferably from about
0.001% to about 15%, and more preferably from about 0.001% to about 8%
available halogen in the compositions, wherein the available halogen is determined

iodometric titration.

20 [0013] The halogen oxygen acids include, but are not limited to, hypohalous
acids, halous acids, halic acids, perhalic acids, and halogen-containing oxyacids of
the group VIA elements S, Se and Te. Examples of especially useful halogen
oxygen acids include chlorous acid, hypochlorous acid, hypobromous acid, chloric
acid, perchloric acid, and monobasic fluorine containing oxy acids, such as

25 HOSO,F, HOSO,CF3, HOSFs, HOSeFs and HOTeFs.

[0014] Any suitable inorganic salt of the halogen oxygen acids may be
employed in the compositions of this invention. The inorganic and organic salts of
the halogen oxygen acids include, but are not limited to, organic and inorganic
30 hypohalites such as hypochlorites and hypobromites, chlorates, chlorites and



TiVIAF= 20% Totramethylammonium fluoride (aqueous) TMACI= Tetramethylammonium
chloride Suifolane= Tetrahydrothlopene4,1-dioxide 20Preparation A To a 250-m1 Erlenmeyer
flask was added 152.8g of 25% TMAH (tetrarnethylammonium hydroxide). Chlorine gas was
introduced in a slow bubbling rate for approximately 6 minutes to give a yellow solution (with a
weight gain of I&Rblpratesthidhesolorgayiclsalts chtiqriaiersiy ddichdifidoakieites gastie ,26do
JVAAH 1o iveadnIIERII NI O, QCSEemRNEg Shig B esmeasty manthiafdupee!
3,1g of 25% TWIAH was added t0 the rémaining solution to give a yellow solution of TMAOC1
(tetramethylamoaReiHeHestsonest BsrasE!YFch RoPehipsiecaftisizRad 1B RaripEsedium

following compgRENEe: i %eyYeighlddeO CEdrb et Makl r8Yeddriav HapecHibale, Walefum

30The available chlorine was calculated to be about 8.6%. A cleaning formulation of this
inventior? was préperRaHs andinedieBFBIOMR mixture, 160g water and 0.155g Zany! FSH
surfactant. Thus this formulation was calculated to contain the following: 7.6% (wt) TMAQOCI,
6.6% TMACI, 0.43% TMAH, 85.3% water, and 0.05% of Zonyi FSH. The available chlorine

was calcuiated gyl abot il P BrURS HASIBRAISTRY KGR e ioBhioved

Preparation B 1 0-ml Erlenmeyer flask was char 3.4g°0of 25% and 0.13¢
benzotriazoie, @harisergaesitions g Wis imvesticteSivca Sreanisutbimig shdeidut aip Ashifisdo
give a clear, yeflow.gglutiapfeadcated9/2 %y b diractestadigisaswnan viRaieRlutRe

gave the following assay of available chlorine; 8.1% (initial, <2 ho rf, after synthesis; 8.1% (1
day oldlé’tandin@%@%ﬁ%ﬁﬁ%u@f%ﬁ%‘@daﬁéﬁ’ém t%do%et'h ALyROHI N GBI ERE e

dgxés old). A?I@mmmmmwmﬁ" tm?]jmvam@ch' wﬁggwmgwrmm mgawﬁmlrmméscarm/

adding is sufficient water, 26% tetramethylammoni roxi IMAM) and Zonyl ESH

surfac%ant to gi\lg%?rzﬁfﬁséﬁ fo?ﬁ%%ﬁ%ﬁ@%’lugéx%ﬁﬁ% 0 gv%ﬂéblgoéﬂlz&)l(ng "W 0 /%nfﬁAl-ﬁnd

0.025% Zonyl Eﬁh!zamm&?/mhpmmimﬁee_le..ErdampIdsobh i@ a_cgfemesl sukelﬂbfr_a?asm:uainmg

pr 13 at 256C. oLl TR AILHOR el ool il et aletnbBmAtRRIIAD dEtiachdl
e 20level ot availlable chlor

berizotriazoie in maintaining t lable ne is illustrated by this Preparatio

B. [00313in ad@BAAIWAD TMOACI-SEHARRHOREHBMMIAC-Solutien B tetratidyiasaeianiven,
further examplesiraé gRmRASAMEhMALal-Tree halpgeRyeRERERGiIEmAHInaUde, byaigy

not limited to, Compositions J, K, L and tvl in Table 3, 30 Comgon Compositions/Parts Table
3 by Weight Soltifs /2 88i4%.syRatan 55chiorohydroxypropyl wriethylammonium,

benzyltrimethylammonium, tetrabutylphosphonium and benzoxonium salts.
Especially preferred metalfree salts are t-but))I hypochlorite  and
20 tetramethylammonium hypochlorite,

[0016] The derivates of the halogen oxygen acids that may be employed in the

microelectronic cleaning compositions of this invention include haldgenated

isocyanates, particularly chlorinated isocyanates, chlorine dioxide, dichlarine
25 monoxide, and hypochlorite-phosphite complexes.

[0017] Especially preferred for use in the microelectronic cleaning compositions
of this invention are sodium hypochlorite, calcium hypochlorite, alkyl hypochlorites
such as t-butyl hypochlorite, and tetraalkylammonium hypochlorites such as
30 tetramethylammonium hypochlorite. In one embodiment of the invention the



45 TWIAF 10 Water 10 ilbT [0032]The excellent cleaning performance, and substrate
compaibilities of such metal-free cleaning compositions of this invention are illustrated by the

results c_)f_ the foIIov_ving experiments. The copper, tantalum and tungsten etch rate for cleaning
compositions of this in\ﬁrentjon are demonsis
g 5 s'%)t

The etch rate WSEOFS Nl Egrr?po ﬁﬁgv@ﬁéﬂﬁg%ﬁih@?ﬁ&%ﬂﬂ doatianoyinariRlivg 4-

ion o -Solution B utilizing the followin

test proceduregRitices ofaintaieriftitaleven ahdvigiigete Mg R riEnRABHOEENSH nGvlere
employed. Thetége‘ﬁ%{%g(r) tr(1a t@”%%@%@?\%ﬁlgﬁ@fﬁgzﬂefhfé%‘l@i.ngimml RIRC@BINAEDR-

propanol, distfieqd wa acetone and the foil pieces are dried in a drying oven. Tpe
bapliFeole, -

cleaned, drieciattpiestebilizss théitiked oodtsy apipediitifes 6 pr
TMAOGI-Soiyfion & cleaning ceRpesiimioné ietiiea isn e, pirescimactdanis oven for a

period of from to to’twenty-four hours at the Indicated temperature. Following treatment and
;ei;nt_ﬁ\égl frotm thg(g%éﬁﬂ?jéaféfsg&éﬁﬁoﬁ?ﬁcﬁwe(Sfﬁita)WEd‘irisade/,\/iﬂnidapiﬂaslzemzimit@wle,

illed water and dried in a drying oven for about 1 hour and the jjte rgom
20temperaturé‘5iﬁjﬁ?%tﬁ*?ﬁgzgﬁvg\‘ﬁqﬁ' 'c%fgﬁﬂci‘ﬁé{c? LS %f/’igugﬁfqggﬁ g‘)? v?/g%%{t?%%éjﬁégé.
TABLE 4 Corgepitier TNAEGI-Beitetoar8ld uETeRseemedstiabiliasmis e RzeH Ipeae-at T4st

(Aimin) 4 V/ Eg:rno%%tteo?tsﬁgt?stabilizer employed in the invention may be any suitable amount,
10 but will generally be, based on the total weight of the composition, about 0.5% by
weight or less, generally about 0.2% or less, and preferably from about 0.01% to

about 0.2% by weight. The stabilizer may be added to the composition along with

the halogen oxygen acid, salt or derivative thereof, or may, and in most cases

preferably, is added to the reaction mixture in which the halogen oxygen acid, salit

15 or derivative thereof is produced. Especially for metal-free organic salts such as t-

butyl hypochlorite or tetramethylammonium hypochlorite, the stabilizer, especially
benzotriazole, is employed in the reaction mixture in which the product is produced

so that the level of available halogen from the product is maintained, or at least its

lessening is substantially abated or inhibited.
20

[0018] The microelectronic cleaning compositions of this invention may be

and preferably are formulated as aqueous compositions, but may be formulated as
semi-aqueous and non-reactive (inclusive of minimally non-reactive) organic

solvent based compaositions. Generally, the preferred solvent is water. The water

25 can be present as part of the aqueous portion of the other components and/or as
" additional added water. However, the compositions of this invention may also be
formulated with non-reactive organic solvents, which are chosen based on the
particular halogen oxygen acid, salt or derivative thereof employed. Examples of

such suitable non-reactive organic solvents include, but are not limited to, sulfolane

30 (tetrahydrothiopene-1,1-dioxide), 3-methylsulfolane, n-propyl sulfone, n-butyl
sulfone, sulfolene (2,5-dihydrothiopene-1,1-dioxide), 3-methylsulfolene, amides



(Almin) <1 [00331The dielectric and barrier etch rates for the TMAOCI-Solution B
Comp_osition of this invention against various dielectrics and barriers were evaluated by the
followmg test procedure. The film thickness of the wafer pieces is measured using a Rudolph
interferometer and/or ellipsometer. The wafer pieces (with dielectric or barrier materi

2 I
?oep;,’;“e-d on silichres Aré2shyensyetintibrecaifalinaas gHERY SiBiinPRTRIGINS 2 ksic
r 30 minutes : ' i e-ioni i i )
e T e

rates were thetPbARdulanst Bakeatem eI YA it TRRARLS, GIRRIPL-ESRSES eg?é%r']{%

indicated treatmgnise(Therielestds es bardpyieeh gtes WithodelT MAOREXSblatiwspiBopanol,

Compossmon Wael&r&ansitﬁleetsf%ﬁghinas %kgzlgtgf\iigﬂaéBlﬁgloSgenated alkanes (CpHani22Y2), where Y is a
] ntign+22vz),

" halogen and n is an integer of from 1 to 6, such as for example, CCly, CoClg and

CoFs. The organic salts of the halogen oxygen acids are those that are generally

formulated in the non-reactive organic solvent-based formulations. However, when

the organic salt is an alkyl hypochlorite, the non-reactive organic solvent is not an

10 amide, sulfone, sulfolene, selenone or a saturated alcohol solvent. The amount of

solvent in the compositions of this invention, whether the solvent is water, water

and non-reactive organic solvent, or non-reactive organic solvent, will generally be

employed in the composition in an amount, based on the total weight of the

composition, of from about 70% to about 99.999% by weight.
15

[0019] The microelectronic cleaning compositions of this invention may
optionally contain other components found in microelectronic cleaning
compositions. Such other optional components include, but are not limited to,
alkaline bases and particularly non-ammonium bases, acids, organic and
20 inorganic metal chelating or complexing agents, cleaning performance enhancing
additives including metal ion-free silicates, metal corrosion inhibitors, fluorides,

and surfactants.

[0020] The alkaline base is a non ammonium-producing base and can be
25 present in an amount, based on the total weight of the composition, of from 0% to
about 30 %, generally in an amount of from 0.1% to about 30%, preferably in an
amount of from about 0.1% to about 10 %, most preferably in an amount of from
about 0.1% to about 5%. Any suitable alkaline base may be employed in the
cleaning compositions. As examples of suitable non-ammonia derived bases there
30 may be mentioned tetraalkylammonium hydroxides such as those of the formula

- 10 -



Dielectric/ Barrier Etch Rate @ | 45C (A/min <1 Carbon doped oxide (CDO)
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15

20

25

30

RJN'OH where each R is independently a substituted or unsubstituted alkyl
groups, preferably of 1 to 22 carbon atoms and more preferably 1 to 4 carbon
atoms. Among the non-ammonia derived alkaline bases useful in the
compositions there may be mentioned, for example, tetramethylammonium
hydroxide, tertrabutylammonium hydroxide, choline hydroxide,
benzyltrimethylammonium  hydroxide, @ tetraalkylphosphonium such as
tetrabutylphosphonium hydroxide, benzoxonium hydroxide and the like. Inorganic
bases such as for example potassium hydroxide, sodium hydroxide and the like
may also be used as the alkaline base.

[0021] The compositions of this invention may also optionally contain any
suitable inorganic or organic acid. It is generally preferred to employ an inorganic
acid if an acid is employed. The acids can be employed to generate lower pH
compositions when that is desirable, and can be employed to couple with halogen
oxygen acids. Examples of suitable acids include, but are not limited to,
hydrochloric acid, hydrofiucric acid, sulfuric acid, phosphoric acid and acetic acid.
The acids may be present in the compositions of this invention in an amount,
based on the total weight of the composition, of from 0% to about 30%, generally in
an amount of from about 0.01% to about 10%, preferably in an amount of from
about 0.01% to about 5%.

[0022] Organic or inorganic chelating or metal complexing agents are not
required, but offer substantial benefits, such as for example, improved product
stability. Examples of suitable chelating or complexing agents include but are not
limited to trans-1,2-cyclohexanediamine tetraacetic acid (CyDTA), ethylenediamine
tetraacetic acid (EDTA), stannates, pyrophosphates, alkylidene-diphosphonic acid
derivatives (e.g. ‘ethane-1-hydroxy-1,1-diphosphonate), phosphonates containing
ethylenediamine, diethylenetriamine or triethylenetetramine functional moieties
[e.g. ethylenediamine tetra(methylene phosphonic  acid)  (EDTMP),
diethylenetriamine  penta(methylene phosphonic  acid), triethylenetetramine

- 11 -
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hexa(methylene phosphonic acid). The optional chelating agent will be present in
the composition in an amount, based on the total weight of the composition, of
from 0% to about 10%, preferably from about 0.1% to about 2%.

[0023] The cleaning compositibns of this invention may also optionally include

cleaning performance enhancing additives for the compositions of this invention,
such as catechol, pyrogallol, gallic acid, resorcinol and the like, and particularly
metal ion-free silicate stabilizers. Any suitable metal ion-free silicate may be used
in the compositions of the present invention. The silicates are preferably
quaternary ammonium silicates, such as tetraalkyl ammonium silicate (including

_hydroxy- and alkoxy-containing alkyl groups generally of from 1 to 4 carbon

atoms in the alkyl or alkoxy group). The most preferable metal ion-free silicate
components are tetramethylammonium silicate, tetraethylorthosilicate, and
tetrakis(2-hydroxyethyl) orthosilicate. The cleaning performance enhancing
additives may be present in the composition in an amount, based on the total
weight of the composition, of from about 0% to 30%, preferably in an amount of
from about 0.1% to about 5%.

[0024] The compositions of this invention may also optionally contain metal
corrosion inhibitors such as the triazole, thiazole, tetrazole and imidazole
stabilizers. The metal corrosion inhibitor will be employed in an amount, based on
the total weight of the composition, of from 0% to about 30%, generally in an
amount of from about 0.1% to about 5%, and preferably about 0.1% to about 3%

[0025] The cleaning compositions optionally may also contain suitable
surfactants. ‘Examples of suitable surfactants include, but are not limited to,
dimethy! hexynol (Surfynol-61), ethoxylated tetramethyl decynediol (Surfynol-465),
polytetrafiucroethylene cetoxypropylbetaine (Zonyl FSK), Zonyl FSH and the like.
The surfactant will generally be present in an amount, based on the total weight of
the composition, of from 0% to about 5%, preferably 0.001% to about 5% and

- 12 -
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more preferably from about 0.001% to about 0.3%.

[0026] The cleaning compositions may also optionally contain suitable non
ammonium-producing fluoride. Examples of such suitable fluoride compounds
include, but are not limited to, tetramethylamrhonium fluoride, and
tetrabutylammonium fluoride.  Other suitable fluorides include, for example
fluoroborates, tetrabutylammonium fluoroborates, aluminum hexafluorides,
antimony fluoride and the like. The fluoride components will be present in an
amount, based on the total weight of the composition, of from 0% to 30%,
preferably from about 0.01% to 30%, and more preferably from about 0.01% to
about 10%.

[0027] The cleaning compositions of this invention can be used over a wide
range- of process/operating conditions of pH and temperature, and can be used
to effectively remove photoresists, post plasma etch/ash residues, sacrificial light
absorbing materials and anti-reflective coatings (ARC). Additionally, it has been
discovered that very difficult to clean samples, such as highly crosslinked or
hardened photoresists and structures which contain titanium (such as titanium,

~ titanium oxide and titanium nitride) or tantalums (such as tantalum, tantalum

oxide and tantalum nitride) can be readily cleaned with the cleaning compositions
of this invention.

[0028] Examples of cleaning composition of this invention containing metal
halogen oxygen acids salts thereof and derivatives are set forth in the following
Tables 1 and 2. In the following Tables 1 and 2 the abbreviations employed are
as follows.

NaOCI= 5.25% NaOC! (aqueous)

NaOCI-Solution A= Aqueous NaOC! solution with 12.9% available

chiorine
NaOCI-Solution B= Aqueous NaOQCl solution with 12.3% available

- 13 =



Fluorinated silicate glass (FSG) Tetraethytorthosilicate (TEOS)

10

15

chlorine
HCIO3= Chloric acid
TMAH= 25% Tetramethylammmonium hydroxide (aqueous)
CyDTA= trans-1,2-cyclohexanediamine tetraacetic acid
EHDP= 1-hydroxyethane-1,1-diphosphonic acid
EG= ethylene glycol
Water= additional water over water from aqueous solution of
components
Zonyl FSH= Surfactant

TABLE 1
Compositions/Parts by Weight

Component A B C D E

NaOCI 100 | 40.6

NaOCl- 60 30
Solution A

NaOCl-
Solution B

HCIO3 ; 6.6

TMAH 2.7 ‘ 8.3

EG

EDHP 0.6

CyDTA 0.58

Zonyl FSH

Water 8.8 39.7 30

_14_



SiOC SIC Silicon nitride (SiN)

10

15

~ TABLE2

Compositions/Parts by Weight
Component F G H I
NaOClI
NaOCI-Solution A 30 30
NaOCI-Solution B 150
HCIO; 20
TMAH
EG 3
EDHP
CyDTA ,
Zonyl FSH 0.06 0.07
Water 40 30 = (147

~ [0029]  The cleaning capability of such microelectronic cleaning compositions of this

invention is illustrated by the following tests in which a microelectronic structure that
comprised a silicon wafer of the following structure, namely photoresist (PR)/ca}rbon
doped oxide (CDO)/Nitride/Copper vias was cleaned. In a first test, the microelectronic
structure was first immersed in a 10:1 solution of commercially available CLk-888
cleaner/residue remover (Mallinckrodt Baker, Inc) and 30% hydrogen peroxide at 75°C
for 30 minutes and then immersed, in a second step, in Composition A of Table 1 and
then the structure was water washed. Composition A removed 97% to 99% of all PR
(bulk PR and tough “skin") and stubborn via residues. Composition A also exhibited
excellent substrate compatibility since there was no CDO etch. Similarly, in a second
test employing Compositions G from Table 2, a first microelectronic structure that
comprised a silicon wafer of the following structure, PR/CDO via, was immersed in
Composition G of Table 2 for 30 minutes at 40°C and then water rinsed, and a
second microelectronic structure of the same composition was immersed in
Composition | of Table 2 for 30 minutes at 40°C and then water rinsed. Compositions
G and | both removed 97% to 99% of all PR (bulk PR and tough “skin") and 100%

_15..
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stubborn via residues. Compositions G and | also exhibited excellent substrate

compatibility since there was no CDO etch.

[0030] Examples of cleaning composition of this invention containing metal-free
halogen oxygen acids salts thereof and derivatives are set forth in the following

wherein:

TMAOCI-Solution A= Tetramethylammoniun hypochlorite (without
" benzotriazole stabilizer) as prepared in
Preparation A following, and
TMAOCI-Solution B= Tetramethylammoniun hypochlorite (with about
0.1% benzotriazole stabilizer) as prepared in
Preparation B following.

Solution 81= Tetramethylammonium hypochlorite solution with 7.8%
available chlorine (with about 0.1% benzotriazole
stabilizer)

TMAF= 20% Tetramethylammonium fluoride (aqueous)

TMACI= Tetramethylammonium chloride

Sulfolane= Tetrahydrothiopene-1,1-dioxide

Preparation A

To a 250-ml Erlenmeyer flask was added 152.8g of 25% TMAH
(tetramethytammonium hydroxide). Chlorine gas was introduced in a slow
bubbling rate for approximately 6 minutes to give a yellow solution (with a weight
gain of 18.25g). To this resulting yellow solution was added additional 33.8g of
25% TMAH to give an intermediate solution. After removing 3.5g for pH
measurements, additional 3.1g of 25% TMAH was added to the remaining
solution to give a yellow solution of TMAOCI (tetramethylammonium
hypochlorite) ‘mixture. This mixture was calculated to contain the following
components: 15.2% (wt) TMAOCI, 13.2% TM_ACI, 0.9% TMAH, and 70.8% water.

The available chlorine was calculated to be‘about 8.6%. A cleaning formulation

._16._



10

15

20

25

30

of this invention was prepared by mixing 160g of this mixture, 160g water and
0.155g Zonyl FSH surfactant. Thus this formulation was calculated to contain
the following: 7.6% (wt) TMAQOCI, 6.6% TMACI, 0.43% TMAH, 85.3% water, and
0.05% of Zonyl FSH. The available chlorine was calculated to be about 4.3%.
This formulation was designated TMAOCI-Solution A.

Preparation B

To a 250-ml Erlenmeyer flask was charged 113.4g of 25% TMAH and 0.13g
benzotriazole. Chiorine gas (10.2g) was introduced in a slow bubbling rate for 11
minutes to give a clear, yellow solution (calculated 92.2% TMAH reacted), The
resulting TMAOCI! solution gave the following assay of available chlorine: 8.1%
(initial, <2 hours after synthesis; 8.1% (1 day old standing at room temperature);
8.1% (6 days old); 8.0% (14 days old); and 7.5% (70 days old). A cleaning
composition of this invention was prepared from this reaction product by adding
sufficient water, 25% tetramethylammonium hydroxide (TMAH) and Zonyl FSH
surfactant to give a final formulation solution with 3.5% available chlorine and
0.5% TMAH, 0.025% Zonyl FSH and 0.1% benzotriazole.. The pH of a 10%
aqueous solution was about pH 13 at 25°C. This formulation was designated
TMAOCI-Solution B. The stabilizing effect of benzotriazole in maintaining the
level of available chlorine is illustrated by this Preparation B.

[0031] In addition to said TMOACI-Solution A and TMOACI-Solution B
compositions further examples of compositions of metal-free halogen oxygen
acid salts include, but are not limited to, Compositions J, K, L and M in Table 3.
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Table 3
Compositions/Parts by Weight

Component J K L M
Solution 81 45 45 45 12.1
Sulfolane 55 45 45
TMAF 10
Water 10 86.3
1N HC! 1.6

[0032] The excellent cleaning performance and substrate compaibilities of
such metal-fréee cleaning compositions of this invention are illustrated by the
results of the following experiments. The copper, tantalum and tungsten etch
rate for cleaning compositions of this invention are demonstrated by the etch rate
data in the following Table 4. The eich rate was determihed for Composition
TMAOCI-Solution B utilizing- the foliowing test procedure. Pieces of copper,
titanium and tungsten foil of approximately 13 x 50 mm were employed. The
weight of the foil pieces was measured. After cleaning the foil pieces with 2-
propanol, distilled water and acetone and the foil pieces are dried in a drying
oven. The cleaned, dried foil pieces were then placed in loosely capped bottleé
of preheated TMAOCI-Solution B cleaning compositions of the invention and
placed in a vacuum oven for a period of from two to twenty-four hours at the
indicated temperature. Following treatment and removal from the oven and
bottles, the cleaned foils were rinsed with copious amounts of distilled water and
dried in a drying oven for about 1 hour and then permitted to cool to room
temperature, and then the etch rate determined based on weight loss or weight
change.
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[0034]The cleaning performance of the metal-free halogen oxygen acid salt containing
compositions, TMAOCI-Solution A and TIVIAOCI-Solution B, is illustrated by the cleaning
results set forth in Table 5 in which the cleaning compositions of this invention were employed
to clean silicon wafers of various iiiicroelectronig gigpgtyre as detailed in the Table. Table 6

Compaosition Cu Etch | Ta Etch Rate at|W Etch Rate at
(1]
Rate at 45°C | 45°C 45°C
(A/min) .
(A/min) (Amin)
TMAOQOCI-Solution B <1 <1 <1

[0033] The dielectric and barrier etch rates for the TMAOCI-Solution B
Composition of this invention against various dielectrics and barriers were
5 evaluated by the following test procedure. The film thickness of the wafer pieces is
measured using a Rudolph Interferometer and/or ellipsometer. The wafer pieces
(with dielectric or barrier material deposited on silicon wafers) were immersed in
the designhated cleaning compositions at 45°C for 30 minutes, followed by rinsing
with de-ionized water and drying under nitrogen flow/stream. The thickness was
10  then measured again following the treatment and the etch rates were then
calculated based on the change in film thickness, which are produced by the
indicated treatments. The dielectric or barrier etch rates with the TMAOCI-Solution

B Composition were as set forth in Table 5.

TABLE 5
Dielectric/ Barrier Etch Rate @
- 45°C
(A/min)
Carbon doped oxide (CDO) <1
Coral (carbon doped oxide) '
Black Diamond (carbon doped oxide) 5
Fluorinated silicate glass (FSG) C <1
Tetraethylorthosilicate (TEOS) <1
SioC <1
SiC <1
Silicon nitride (SiN) <1

15
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MicroelectronicComposition and Process StructureConditions

10

[0034] The cleaning performance of the metal-free halogen oxygen acid salt
containing compositions, TMAOCI-Solution A and TMAOCI-Solution B, is illustrated
by the cleaning results set forth in Table 6 in which the cleaning compositions of this
invention were employed to clean silicon wafers of various microelectronic structure
as detailed in the Table.

Table 6
Microelectronic Composition and Process - Results
Structure Conditions
PR/CDO TMAOCI-Solution A; 50°C for | 100% clean (PR, shell,
20 minutes via residues)
PR/CDO | TMAOCI-Solution B; 50°C for | 100% clean (PR, shell,
20 minutes via residues)
PR/SARC/CDO Immersed first at 60°C for 16 100% clean (PR, sheli,

minutes in a solution of 8 parts | via residues)
of a solution of
150:60:17.5:1.8: 30 parts of
sulfolane, water, 25%TMAH,
EDTMP and EG, and 1 part
30% hydrogen peroxide;
followed by:

immersion in TMAOCI-Solution
A for 15 minutes at 55°C

SARC= Sacrificial anti-reflective coating

TMAH= Tetramethylammonium hydroxide
EDTMP= Ethylenediamine tetra(methylene phosphonic acid)
EG= Ethylene glycol

[0035] While the invention has been described herein with reference to the
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Results PR/COOTMAOCI-Solution A; 50C for 20 minutes 100% clean (PR, shell, via
residues)

specific embodiments thereof, it will be appreciated that changes, modification

and variations can be made without departing from the spirit and scope of the

inventive concept disclosed herein. Accordingly, it is intended to embrace all

such changes, modification and variations that fall with the spirit and scope of the
5 appended claims. '
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| claim:

A composition for cleaning photoresist or residue from a microelectronic
substrate, the cleaning composition comprising: (a) an oxidizer selected from
the group consisting of an alkyl hypochlorite and a tetraalkylammonium
hypochlorite, and (b) a solvent for component (a), (c) a stabilizer for available
hydrogen from the oxidizer, the stabilizer being selected from the group
consisting of triazoles, thiazoles, tetrazoles and imidazoles; and, optionally
one or more of the following components: (d) an non ammonium-producing
alkaline base, (e) an acid, (f) a metal chelating or complexing agent, (g) a
cleaning performance enhancing additive, (h) a metal corrosion inhibitor, (i) a
non ammonium-producing fluoride, and (j) a surfactant; with the proviso that
when the oxidizer component (a) is an alkyl hypochlorite, the component (b)
solvent is not an amide, sulfone, suifolene, selenone or a saturated alcohol

solvent.

A composition according to claim 1 wherein the oxidizer component (a) is
tetramethylammonium hypochlorite.

A composition according to claim 2 wherein the component (b) solvent
comprises water, and the composition also comprises a

tetramethylammonium hydroxide as component (d).

A composition according to claim 3 additionally comprising a component (j)

surfactant.

A composition according to claim 3 comprising benzotriazole as component

(c).

e



PR/COQOj TMAOCI-Solution B; 50C for 20 minutes 100% dean (PR, shell, via residues)

10.

A composition according to claim 2 wherein the component (b) solvent
comprises sulfolane, and the composition also comprises
tetramethylammonium fluoride as component (i).

A composition according to claim 6 wherein the composition comprises
benzotriazole as component (c).

A composition according to claim 1 wherein the component (b) solvent
comprises water, and the composition also comprises tetramethylammonium
fluoride as component (i).

A composition according to claim 8 wherein the composition comprises
benzotriazole as component (c).

A composition for cleaning photoresist or residue from a microelectronic
substrate and stabilized as to the amount of available halogen, the cleaning
composition comprising: (a) an oxidizer selected from the group consisting of
a halogen oxygen acid, a salt of said acid, or derivative thereof wherein the
derivative is selected from the group consisting of halogenated isocyanates,
chlorine dioxide, chlorine monoxide, and hypochlorite-phosphite complexes,
and (b) a solvent for component (a), (c) a stabilizing effective amount of a
stabilizer for available hydrogen from the oxidizer, the stabilizer being
selected from the group consisting of triazoles, thiazoles, tetrazoles and
imidazoles in an amount of from about 0.1% to about 5% by weight of the
composition and having been incorporated with the oxidizer component
during synthesis of the oxidizer; and, optionally one or more of the following
components: (d) an non ammonium-producing alkaline base, (e) an acid, (f) a
metal chelating or complexing agent, (g) a cleaning performance enhancing
additive, (h) a metal corrosion inhibitor, (i) a non ammonium-producing
fluoride, and (j) a surfactant; with the provisos that when the oxidizer
component (a) is an alkyl hypochlorite, the component (b) solvent is not an
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11.

12.

13.

14.

15.

16.

amide, sulfone, sulfolene, selenone or a saturated alcohol solvent, and when
the oxidizer component (a) is hypochlorous acid the cleaning composition
also must contain the non-ammonium-producing alkaline base.

A composition according to claim 10 wherein the composition comprises a
halogen oxy acid or salt or derivative thereof in an amount, based on the total
weight of the composition, of from about 0.001% to about 30% and provides
from about 0.001% to about 30% available halogen.

A composition according to claim 10 the oxidizer is selected from the group
consisting of a halogen oxy-acid, salt or derivative thereof wherein the
derivative is a hypochlorite-phosphite complex and wherein the stabilizer (c)
is present in an amount up to about 0.5% by weight.

A composition according to claim 10 wherein the stabilizer is benzotriazole.

A composition according to claim 10 wherein the oxidizer component (a) is
selected from the group consisting of an alky! chlorite, an alkyl hypochlorite, a
tetraalkylammonium chlorite, a tetraalkylammonium hypochlorite, a
substituted trialkylammonium chlorite and a substituted trialkylammonium
hypochlorite, and wherein said oxidizer provides from about 0.001 to about
30% available halogen.

A composition according to claim 10 wherein the oxidizer component (a) is
selected from the group consisting of hypochlorous acid, chloric acid, alkali
and alkaline earth salts of said acids, alkyl hypochlorites and
tetraalkylammonium hypochilorites.

A composition of claim 10 wherein the oxidizer component (a) is selected

from the group consisting of sodium hypochlorite.
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PRLSARC/CDOI Immersed first at 60C for 16 minutes in a solution of 8 parts of a solution of
150:60:17.51.8: 30 parts of sulfolane, water, 25%TIVIAH, EBTiviP and EG , and 1 part 30%
hydrogen peroxide; followed by: 100% clean (PR, shell, via residues)

17. A composition according to claim 16 wherein the solvent is water.

18. A composition according to claim 10 wherein the oxidizer component (a)
comprise HCIO.sub.3.

19. A composition according to claim 18 wherein the component (b) solvent
comprises water, and the composition comprises a component (j) surfactant.

20. A process for cleaning photoresist or residue from a microelectronic substrate,
the process comprising contacting the substrate with a cleaning composition
for a time sufficient to clean the photoresist or residue from the substrate,
wherein the cleaning composition comprises a composition of claim 10.

21. The process for cleaning photoresist or residue from a microelectronic
substrate, the process comprising contacting the substrate with a cleaning
composition for a time sulfficient to clean the photoresist or residue from the
substrate, wherein the cleaning composition comprises a composition of claim
11.

22. The process for cleaning photoresist or residue from a microelectronic
substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to clean the photoresist or residue from the
substrate, wherein the cleaning composition comprises a composition of claim
12.

23. The process for cleaning photoresist or residue from a microelectronic
substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to clean the photoresist or residue from the
substrate, wherein the cleaning composition comprises a composition of claim
13.
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Immersion hi TMAOCI-Solution A for 15 minutes at 55C

24.

25.

26.

27.

28.

The process for cleaning photoresist or residue from a microelectronic
substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to clean the photoresist or residue from the
substrate, wherein the cleaning composition comprises a composition of claim
14.

The process for cleaning photoresist or residue from a microelectronic
substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to clean the photoresist or residue from the
substrate, wherein the cleaning composition comprises a composition of claim
15.

The process for cleaning photoresist or residue from a microelectronic
substrate, the process comprising contacting the substrate with a cleaning
composition for a time sulfficient to clean the photoresist or residue from the
substrate, wherein the cleaning composition comprises a composition of claim
16.

The process for cleaning photoresist or residue from a microelectronic
substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to clean the photoresist or residue from the
substrate, wherein the cleaning composition comprises a composition of claim
17.

The process for cleaning photoresist or residue from a microelectronic
substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to clean the photoresist or residue from the
substrate, wherein the cleaning composition comprises a composition of claim
18.
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29.

30.

31.

32.

33.

The process for cleaning photoresist or residue from a microelectronic
substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to clean the photoresist or residue from the
substrate, wherein the cleaning composition comprises a composition of claim
19.

A process for cleaning photoresist or residue from a microelectronic substrate,
the process comprising contacting the substrate with a cleaning composition
for a time sufficient to clean the photoresist or residue from the substrate,
wherein the cleaning composition comprises a composition of claim 1.

A process for cleaning photoresist or residue from a microelectronic substrate,
the process comprising contacting the substrate with a cleaning composition
for a time sufficient to clean the photoresist or residue from the substrate,
wherein the cleaning composition comprises a composition of claim 2.

A process for cleaning photoresist or residue from a microelectronic substrate,
the process comprising contacting the substrate with a cleaning composition
for a time sufficient to clean the photoresist or residue from the substrate,
wherein the cleaning composition comprises a composition of claim 3.

A process for cleaning photoresist or residue from a microelectronic substrate,
the process comprising contacting the substrate with a cleaning composition
for a time sufficient to clean the photoresist or residue from the substrate,
wherein the cleaning composition comprises a composition of claim 4.

A process for cleaning photoresist or residue from a microelectronic substrate,
the process comprising contacting the substrate with a cleaning composition
for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 5.
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SARC:= Sacrificial anti-reflective coating TMAH= Tetramethylarnmonium hydroxide

EDIMP= Ethylenediamine tetra(methylene phosphonic acid) 1 ciEGir--- Ethylene glycol
specific embodiments thereof, it Mil he appreciated that changes, modification and variations
can he made without departing from the spirit and scope of the inventive concept disclosed
herein. Accordingiy, it is intended to embrace ail such changes, modification and variations
that fall wiPthe sPIREEsR f6f siraping P hpinsasistianspsidue dram aAnicieplestroni¢subietiatag
photoresist or ragidue &l GMISRE SoARIC D MR ILRALCARINY EREARY IR HIBRERINY:

(a) an oxidizer selected from the ?roup consisting of an alkyl hypochlorite and a

tetraalkylammofAUf B suiisiaet i aean dheoratprepist Rjssidte o fhesubatratesor
available hydroggeéamiibeiesiiag cdhf sz ebhpinseslecsathBsiibi8raiaR gonsisting of
triazoles, thiazoles, tetrazoles and imidazoles; and, optionally one or more of the following
components: (d) an non ammonium-producing alkaline base, (e) an acid, (t) a metal chelating

prhqg_mple(?ag mpmc@bqwm%mg_@ﬁ?ltm%m 6ﬂ5§§_?&ﬂ&fﬁ?ﬁiﬁvﬁﬁéf§9ﬁ@eﬁt&§ﬁ|@9%§£me,
inhibitor, (i) a ngn_ ammonium-producin orjide, an a surfactant; with the proviso that
when the oxidi%ﬁ@dﬂﬁ%ﬁe‘fﬂrﬁﬂﬁ'%%R&%ﬁﬁﬁﬂbﬂf?&%ﬁﬁﬁr@%ﬁﬂ}%gﬂmﬂpﬂtm an
amide, sullen%feudiavees sificisahto wieansheathdtatesiztissabsidtefréns thepasisomrccording
to claim | wherej idizer camponent (a) is tetramethylammonium h lorite. A
composition ac%éﬁ%é? @%ﬁ%@%@@ﬁoﬁﬁ%’bﬁ%’@)ﬂgﬁ?%bﬁ %WBR?@B’H@E??@% ter, and the

composition also comprises a tetramethylarr3moniurn hydroxide as component (d). 4. A

composiion s RS Homed Tarh e EBLL R0 CORT S M EEHIATE sdtie

according to cléhe mmﬁpmnr&inwmac(bpéba@upwmpmﬁb 8uiferanieg sothpusition
composition a'?@rcé’mﬁﬂ%‘?ﬁffagﬁmswmBﬁ%ﬂé&g%r‘%ﬁﬂﬂ@ﬂaﬁpﬁ@'sab'g;trate,

composition according to claim 6 wherein the Composition comprises benzotriazole as

component (c) VhetaiB HsocieBRing coaresition Samprisas aisanpesiipo Aéstap) Solvent

comprises water, and the composition also comprises tetramethylammonium fluoride as

component (i),é. A corggosition according to claim 8 wherein the composition comprises
e

benzotria BEMBEN I 252719 PROIRRRIG fGSNEHR AN ERErcais dubsHiHea
microeleqtronicmelmaeéeﬁe&ﬁpaiggh@domd&iﬂﬂnmgugé@é@wm%@ﬁ@ f a8y
composition comprising: (a).an oxidizer selected from t roup consisting of a halogen
oxygen acid, a@zfl?jm%ié@ﬁ:&?@rtaéfmi %ﬁgﬁ%fﬁﬁ@rgrd?gﬁﬁsjm%%%%‘é & from
the group consishiereinf thel efEarireridenpesitdescamprisesdiaode cditivinefroiamdde, and
hypochlorite-phosphite complexes, and (b) a solvent for component (a), (c) a stabilizing
effective amount of a stabilizer for available hydrogen from the oxidizer, the stabilizer being
selected fid$n thecgroppsifiorsistahilizédiag detheaaroled dbavaitdbiedral dgedecmesrisien (a)

amount of fro”bﬂb%%i& Qé‘r‘@éf&&%%&%tpé y%gatc%h%%@%%ﬂé%mg LAY L3058 0en

incorporated with the oxidizer componen Ing'syn Izer; and, optionafly one

or more of the RkIRMGUdRpIeseddron) thewaumeonsisiingedalkyhghiokisiaaliske, (e) an
aci, (1) 2 metah SIS, R RS R SIRRL A RS EIRRSG oG

additive, (h) a metal corrosion inhibitor, (i) a non ammonium-producing fluoride, and (1) a

surfactant; withROPhRites Sihsiittadietmatiyaneaapisme ehianiesaartkyuhgiibdetbrite, the
component (b)téﬂusmyiamm&numweamm;%@'&g?ea %smn%]@f@awatﬁaﬂcam
orous aci

solvent, and when the oxidizer component (a) is hypoc d the cleaning composition

also must contdiARsicie AR ARm BRaRiRFaNsiftibatriazples Hiaselssolteiiazsiamg

to claim 10 wharRinrifi¢aenapan iaeesuRLise frarh ABEEN0VKY, 36 A 198 R YR thirseof
in an amount, based on, the to %eé% t of the cog;ositionh of from about 0.001% to about

30% and proviG@LRBHIBAN SBJ0EEY a4 uiR tha sgaaniesalt obthsosition
according to clhiiodOrtlvsyndizridsdieingteghiicesither gneusrganisistigod taehalngsrin oxy-acid,

salt or derivative thereof lx@herein the derivative is a hypochiorite-phosphite complex and
wherein the stSBiiZel @% ; present in an amount up to about 0.5% by weight.
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13. A composition according to claim 10 wherein the stabilizer is benzotriazole. 14. A
composition according to claim 10 wherein the oxidizer component (a) is selected from the
group consisting of an alkyl chlorite, an alkyl hypochlorite, a tetraalkylammonium chlorite, a
tetraalkyiammonium hypochiorite, a substituted trialkylarnmonium chlorite and a substituted
trialkylammonium hypochlorite, and wherein said oxidizer provides from about 0.001 to about
30% available halogen. 15. A composition according to claim 10 wherein the oxidizer
componeny2) ierelosiibingh e RS AURAAL BRBRBLRYS Aeidighloric acid, alkal
and alkaline earth salts of said acids, alkyl hypochlorites and tetraal kylam mon i um
hypochlorites. 16. A composition of claim 10 wherein the oxidizer component (a) is selected
from the gipUP PRESIBHASRIRAALITBIAMRAR IRTkReinthe/SEAMRRS LRSI claim 16
wherein the soivent is water. 18. A composition according to claim 10 wherein the oxidizer
component (a) comprise FICIO.sub.3. 19. A composition according to claim 18 wherein the

componerdzb) Fak/ohfee8RIGIESIMRIRH 0/ HPHR THROSKIGR SIOEBRTSG AR R UEEE Y
surfactant, 20. A EE)rOﬁ?ess for cleanin% E;hojoresist or residue from a microelectronic substrate,

the process comprsiG SEMRERIR kyd BvRochietites RpddstRIsHiBm P AYme
sufficient to dedyplaehibritesesist or residue from the substrate, wherein the cleaning
composition comprises a composition of claim 10. 21. The process for cleaning photoresist or
residue from a microelectronic substrate, the process comprising contacting the substrate with
a cleaningdbmpbeittomfosititmefstiinicd twehaesin the pkidinee istproresid (&) firo seleted
substrate, whergej C ' ] itlen comurises. a,composition of claim 11. 22. The
orocess for clel LR SroU o RERS o AR BRI B atnaute
comprising conty@melildréeubstrate with a cleaning composition for a time sufficient to clean
the photoresist or residue from the substrate, wherein the cleaning composition comprises a
composition of claim 12. 23. Th(laggéocess for cleaning photoresist or residue from a

microelectfniclitheamiosiion Ricelain g pharir theaxidizeiceuipansrt (AlHsselesiedg
composition fofR{MReSYFEGISBbIsHEAR BiR-BORICRGRISLNBIREAHE Ea BRI RiuADerein
the cleaning composition comprises a composition of claim 13. 24. The process for cleaning
photoresist or Bif-a microelectronic substrate, the process comprising contacting the
substrate with a cleaning composition for a time sufficient to dean the photoresist or residue
from the s%gstsréte, wherejn the cleaning composition comprises a composition of claim 14.

e

25. The paRess RIPGRSH A HFERRSRIPTERRARY feite B ERr RS U R ate,
process comprihia @ eeiss togirs B sttEctiil thelsabénaROWIRIP St G donspaeifisient
to clean the phgtoresist or residue. from the substrate, wherein the cleaning co sition
comprises acoP rp% '.ﬁ‘&nséﬁﬁ&‘fé‘?&?i%.cb‘@“ﬁﬁsﬁ 85%%’8 8fer§r?i'ﬂ%$ﬁ8f8rr&?s§ %@t‘ﬂue from
a microelectroniherdinttheecltenjmg cess pusitjansooynpoizies tngoting asitistr ateclaifn' $8leaning
composition for a time sufficient to dean the photoresist or residue from the substrate, wherein

the cleaning composition comprises a composition of claim 16. 27. The process for cleaning
photoresigtor rdgiReend fonoieaningaehetoresisbsir sesidue frareasnioroglesingniostaustratehe

otoresidor Agigees ingeohgoresishsirac piosist
o the substn e g B oot

28. The procedok& Hea siifinotdncietn thenhatonesisboniesiduscfromdhrisubattene
process COmMpRgHSARFRCHRAH; SREAhISAURS CURPRSHRIA 1 adimagufficient

to clean the photoresist or residue from the substrate, wherein the cleaning composition
comprises a composition of claim 18.

47. A process for cleaning photoresist or residue from a microelectronic substrate,

the process comprising contacting the substrate with a cleaning composition
for a time sufficient to clean the photoresist or residue from the substrate,

wherein the cleaning composition comprises a composition of claim 41.
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29. The process for cleaning photoresist or residue from a microelectronic substrate, the
process comprising contacting the substrate with a cleaning composition for a time sufficient
to clean the photoresist or residue from the substrate, wherein the cleaning composition
comprises a composition of claim 19. 30. A process for cleaning photoresist or residue from a
microelectronic substrate, the process comprising contacting the substrate with a cleaning
composition for a time sufficient to dean the photoresist or residue from the substrate, wherein

the cleaning;coptResKIOR,FRIBRAETh GRS PRl fiokn S RIGERRDARE SIARRIRE

photoresist or residue from a microelectronic substrate, the process comprising contacting the

substrate with dNSRIFFREESPRBSIHG RAnantieoit subsigieaniihifedipritie seporitniue
from the substrase aieERiD R fpIER UEhAAP PABIBRSAITBF RES dLIE ABRP GBS frigEn 2. 32.

A process for cleaning photoresist or residue from a microelectronic substrate, the grocess
comprising cont4ErRiniRecisshing GamrositiemFRRisps SraMmBPailitnosatALt0 dean
the photoresist or residue from the substrate, wherein the cleaning composition comprises a
compositioj). of Sélaim 3. 33, A process for cleaning photoresist or residue from a

microelectronic’sMEREERE DIPOMBPRIMPLESRERLR SRR  BigrareGHPnic s bsIrR]e.
C(?]mDOSitir(])n f?rthdipnewﬁiwm' mgmmamhgtmegebstra@%siﬁﬁm E@I@éhmgldlﬁﬂﬁ&fition
wherein the clegning.compagsition comprises a composition of claim 4. 34, A prqcess, for
cleaning photo r%’gigt OPFed b%%?%ﬁﬁ g%ﬁ@iﬁ& @%IPT#S%&%W&@@%%?H?&&% %@ﬁ%ﬁ&mg
contacting the sviereindheiitieaniagreamposifimrsitiom fdsastianeopufibcitiontofdtaimtis.

photoresist or residue from the substrate, wherein the cleaning composition comprises a

composition of claim 6. 35, A process for cleaning photoresist or residue from a
microelectP@nic’saeteae faicieaningptotopesistopc oesidtiedran aubitroeiestiithricciabatrage,

composition fogaati ic] ' i '!QEH .
wherein the cIetferﬁrgi%r%%ggggn‘%c%%agﬁﬂ?eg'scgngé?{nggglﬁ%{rﬁégégﬁiﬁmgg%énﬁaproceéé%%'? :
cleaning photofe&iat @?éﬂ!:!(f@ﬁ‘bfﬁ Q'ﬂﬁﬂmm@%ﬁtﬁtm%fmﬁtm sdvapateng
contacting the s mqn@me’aﬁlﬁgr&a&ﬁm LR fnsadineompbsriohiorinim be.
photoresist or residue from the substrate, wherein the cleaning composition comprises a
composition of claim 7. 37. A process for cleaning photoresist or residue from a

microelecm.ni@sphséé's@a&&mmw&embmmqa@%mdﬁﬁiﬁéﬁwﬁﬁ@s%aﬂing
composition for a time su[{ig}%r;htg%gean the photoresist or residue from the substrate, wherein

the cleaning coPhpddtSA 3'&8?%5%6’?1 P anarat Basgd,pnthe teipbeigief
photoresist or rié@ideenipositmicf sRIATHDOIE OLIBIPALR HisODIBD% At PROFIGsdRoRetiduthe

substrate with 66'8?%3%%%@;@% géf@a&ﬁ:?ﬂg %?I‘lt%ﬁcient to clean the photoresist or residue

from the substrate; w | ?lnCOmprises a composition of claim 9, 39.
A composition stabilized as to the amount of available halogen comprising: (a) an oxidizer
selected f t CONSISti [ of logen axygen acid selected from
the groupgc%asgs?r%ggg gl 3%'5 éﬁﬁ?r%e?g) %ﬁl{:ﬁ%éﬁéﬁ%% %ﬁ‘ ?e%é\a&?/?é%ﬁngﬂm%'%ﬁforites,
tetraalkylammdgoaetiigrsia asieenganstiti(el tetraalkylammoniurn chlorites, and substituted
tetraalkylammonium hypochlorites; and (b) a stabilizing effective amount of a stabilizer
selected from the group consisting of triazoles, thiazoles, tetrazoles and imidazoles in an
amount oPRonf\eGESs1a5%erdinsLitaglaiim At yhetgimthestaltlines(clrie presant ieen
incorporated wgh,yw,pﬁwggaumg% B9I%¢§h9xygen acid during synthesis of the organic
salt of the halogen oxygen acid. 40. The composition of claim 39 wherein the stabilizer is a
triazoie. 41. The composition of claim 40 wherein the stabilizer is benzotriazole. 42. The
compositign. ofclpigt8Ssetiing e sidine 5 WmPERh@LEhfsserier fsegroup
consisting of agﬁ/l hé{o_ochiorites and tetralk{i/lammonium hypochlorites, 43. The composition of
claim 39 wherdliRRERFRSRRSABORBANAF)s selected from the group consisting of t-butyl
hypochlorite and tetramethylammonium hypochlorite. 44. The composition of claim 41 wherein
the oxidizer component (a) is selected from the group consisting of t-butyl hypochlorite and
tetramethylammonium hypochlorite. 45. A process for cleaning photoresist or residue from a
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63. A process according to claim 51 wherein-the stabilizer (c) is present in an amount up to
about 0,5% by weight. 54. A process according to claim 53 wherein the composition
comprises benzotriazole as component (c). 55, A process according to any one of claims 30,
31 or 32-54 wherein the microelectronic substrate being cleaned is characterized by the
presence of at least one of a copper, tantalum, tungsten, nickel, gold, cobalt, palladium,
platinum, &orfilieaespascondingtianyitdeuof dirimiigl), Raud?-frblybemiotheand tin

metallization, apgFEORILNYEARYsutAAe Bellg bikantri iR5EEES ized by the presence of
at least one of a copper, tantalum, tungsten, nickel, gold, cobalt, palladium,
platinum, chromium, ruthenium, rhodium, iridium, hafnium, titanium,
molybdenum, and tin metallization, and sensitive low-.kappa. or high-.kappa.
dielectrics.
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