COVPOSI TI ONS FOR THE REMOVAL OF POST- ETCH AND ASHED PHOTORESI ST RESI DUES
AND BULK PHOTORESI ST FI ELD OF THE | NVENTION 5 [0001] This invention rel ates
to met hods and post-etch and/or photoresi st ash residue cleaning
conpositions for cleaning mcroelectronics substrates, particularly

al um num or titanium containing mcroel ect roni c conponents. The

conposi tions of this in rovi rotectlon of netal, i.e.,
i nhi bition of corrosl on\ASmdS%t\@ ﬁ) qu R@'&VA; HO 3:“s*ubst rates are subj ect ed

to cleaning and a 1.9 %ﬁ'ﬂ%’éﬁ’u@ﬁ?’%ﬁﬁ%ﬁ@"rNPHs’é< PHEACRGGIROUND TO THE

| NVENTI ON [ 0002] Many photoresi st strippers and residue renovers have been

proposed for use in the m croelrfécbponicsvdnrehd as downstream or back end of
the manufacturing line cleaners. In the manufacturing process athinfilm

of phot oresiggs i s dg e re I ] nholorksis] agll resi ugp clreuit
design is i I{%é}gsql RO BHAR, tgmgt%?(f' i ?mcmg%kr e ?Ehg XBEEE W resi st is

reroved with Rnsr}m cp\anm é?mccrfelochfnbcﬁ éslubsua.taﬁepapggw ?lllm?ﬂj'ml %6@Lm? éﬂ"f‘3ﬁ@$]

transferr edmfciﬂ’e’?ﬁ‘é“cl&?fa’érfcl“ i T CHraTsdPTs &1 this iRiteTyrdvide epbmendalolegtiomofdiced ectri c or
met al , by way i %swasifet eien gl@;Sescr@mrir@hemmadzs @4 ohjatdc s okditnh @sa The

et chant ¢gase$scorenichemsoat. et cbant sol utions 20 sel ectively attack the

phot aresi st-unprotected area of the substrate. As a result of the plasna
etching process, photoresi st I by- products are deposited
as residues around or on theBAg?g'e&jwm%q Eﬁlﬁgml'e(?\]ched openi ngs (vies) on the
substrate and the photorosist. (0003]Additionally, follow ng the

termi nati onlP®PI t he @boivhogesstsepestae ck@s isbveraale WaStophed foemevies. from t he
pr ot ect ets amedcldfonitsmed & usteat @ bePent Bdk mbRBREKhe d%r%%%%m?xg%fa%nh n can take

place. 25 THics:s6an iRer AGSQRRH c!c&:g@&ion a@hbglrawmaiﬁrrrp‘?r;[d il 09 o8 desﬁu sgsdm e use of

sui tabl e pl sh “A suitable
cl eani ng Coﬁf)mﬁh% |!ow$cblggng ?e prafé’cYg (fsjsttjannéochd éagli as"[’"“?fg?gweﬁﬁf‘?ér‘i“al% % hout
adversely aff&c¢t tl“ﬁdfa“s@'"d o IC\BHTEH e abieHY grgerady @ eieltolrit prgnetet hewaret al
circuitry Hé%mfalﬁ”s*bgﬁm‘?d’véwmm obiearattios. MeCOB4] dsesni clieoed ectaroniend abri cati on
i Nt egr at $oorsekewelagachty gobaet@aseths arsl oRat LRFRe ths 3Qesti am@elamt&cem c device

di mensi ons Hawe peRekeasReed irticRAS, p.%&%@deb&&& A5 abu o] Jn s ‘é,dewafF 0 provide
sui table ph@ﬁm@&éﬂ@ oﬁc;nm%t(vraf Q)plhpfgms%gle anﬁ lhe @Bt‘o n&t conposi tions pr ovi de

sui tabl e st r| ?pl n es W t hout pr odum ng ot her

det ri ment al ®%fIf ect stlf"H’a‘tYhfe“O\mﬁetae Gfmﬂstmmc’ttbﬂdldetg@rcs teendsidt etk paned  di spl ays
(FPO, the prabliemtiofporetedeacoths 0850 sttiktitRGep oty Hbih camlidik PRNY, resi due
renpval @&ndrakshe b@@&c&ﬁpi:slhld?ﬁ@prés&a AshE W8S IR e LAWPAGK ke p@% d'slﬂélggs Léfrw t h the use

of sel ect qﬁénﬁéaﬁstrﬁﬁe%h I‘ﬁﬁ{ngae! H}UAbB% nmg Cé@Q&!IiH or rgrqgial (}P{% lesrlst ma%i i“%“ﬁ?' m ght be

[ 0005] A ty RAoUL g VG‘I'S@ alke
an al kalin &tﬁ?{) e fﬁ HC“"@ n%ocg {%di”%rf hipgr C?“'Fi‘él ‘ﬂ%@%‘a*pﬂj‘f"ﬁf g FRriTensol vent s

bl ended wi tHf 'BPPﬂ&nl c ami nes or hydroxyl am nes or other strong bases
typi cal ly #0990l ar &r garbletsel Fuitisn amdaoh heris Sele atbag agepitsnmidn an
attenpt o diessedndeiied dafeodinglcattbdsG @-ﬁwﬁsa&akow@rilmfé%rfq@%lff@ﬂ io MIL@eS

2??;2??/1/2215@@§e g{agregstt Qtﬁrfpm@ Eir{dqnagnugacaﬁ&)s mﬁb\/ﬁdi Q%ﬁtﬂl s%n 9!@ s!n;rpm% LOCLS (bc‘ldnuag ds the
JRpert? QRFLR ﬁ'odu(’mcha r'e 90“‘&]‘0%“3 r“!ec%vﬁlﬂ“”f Sid r?[ﬂ’oé‘ﬂ“P’HWé‘”se"i?b&f‘ Péfce car bon

However, suc
di oxi de upt é‘lﬁ%" FFONe Hete & mefikperon firipostorelisernghsrite matershenddiceaner
sol uti on' s “eefragetly asevelsaltayodch. peticulp p@ohars of tdrelsetab sah kadiinmemcl=eianer

cConposi tb Onsi tageenielatyi.vel y sl ow acting and require the substrates to be

kept int h@D@J] eanerpy %!:Ntrfls@t'f&s:e%g%m %X%%ﬂg&% fel mﬁwnf%& ﬁzi}!*ﬁ \ﬁ@‘t % ml%tgrp eratures.

Nbr eover, te a
strongly a | nef)((%po&dor'S{R%‘l m(\luclc(3 mgg Orqd“cf f‘%iu '{? ”e'?ﬂie‘i é’“é\ "fJB”' B'H's‘? d@r abl e | oss

of netal ’gﬁf‘*ﬂaﬂ’@esﬁé‘fﬂfeé’?”ﬁ'@d”"’I‘*F H*e“s’”y gt aeetit savany eud olivd avatasee e dns very
sensitive to corrosion in al kaline aqueous solution, This necessitates an
I nternmedi ate rinse between the cleaningfstripping step and the 10 aqueous
rinse. Such an internediate rinse, typically wth isopropyl alcohol, adds
undesirable tine, safety concerns, environnental consequences, and cost to
t he manufacturing process. NOM There is, therefore, a need for stripping
and cl eaning conpositions for photoresists and residues that enable one to
conpletely renove etch and/or ash residue, as well as bul k photoresist,
fromthe mcroel ectronic substrate, especially a need for such cl eaner and
resi due renoving 15 conpositions that do not produce any significant netal
corrosion. SUVVMARY COF THE | NVENTI ON (0007} The invention provides cl eaning
conpositions for cleaning mcroelectronic substrates 20 that are able to
.essentially conpletely clean such substrates and inhibit metal corrosion or
produce essentially no corrosion of the netal elenents of such substrates,
and to do so at relatively short cleaning tinmes and rel atively | ow




30 characterized by an absence of organic am nes, hydroxyl am nes or other
strong bases such as ammoni um bases and the |i ke that would neutralize the
i nor gani ¢ phosphorus-contai ni ng acid conponent. The cl eaning and residue
renoval conpositions of this invention are especially suitable for cleaning
m croel ectronic; substrates containing alumnum titanium and tungsten.
DETAI LED DE%@BPEL ON AND P RRED EMBODI VENT'S [ 00081 The
i nvention pQQYHHWE?mﬁFgﬁﬁ%C%Nmﬁg{mkg(m“?m¥sgmm gﬁf%ﬁ“ﬁi@?8@?é5??onlc
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m croel ectr hventi on
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i nor gani ¢ pRSEEHBPUE %WF%"”ﬁﬁ PiRyiCuaEly fumingRahiciely vajeerstive 1 @OOB] Frkelod eani ng
conposi t i on&gsks foifias. Tlripvesrtdilent ac biatraiiae wrevepreRreRarg Wb tiab) Sopnad s -

sol ubl e 6f waitoey rmp.S Buch e inBigaitd @& OhMBNEIS . isoANFDINGLoiloN BadY AhdoQUIS: @Fdani C

sol vent s subdeglbgeral &vs@’\l%ﬁ@b&aqu@@s Ry EE Q%% :ﬁh@a@zﬂa@\ §rbce§‘UCh as for exanpl e,

gl ycerol, g I's, 5, mo ra{ ippin R any com 5 tms of photg di et hyl ene
ol yoerol, Shuel s, SUah 35Tk XA e, L a0iLese, QLICCL nd 10 ol et

SucC
( car bi t ol ) at ena% fe one to comp!etely remove e tch and/or ash residue, as wo as hulk pyotorczaial

ai kyl pyn- obtfi BReEooeletione séstasy cwsdaiph @cdd fonetchylemyr prol ioedun oPeovibNVP) |

1- hydr oxyal feyguspenpippidohd gednenesigsiahnas cdafonexanpl e,

1- (2- hydr oxyet hyl ) - 2- pyrrol i di none (HER), dinethyllormam de (DW),

di net hyl acet am de (DVAC), sulggmﬁ§Y0§ %hﬁagikgr exanpl e sul tol ane, and

sul f oxi des, such as for exanple, dineth oxi de (DVBO . The organic
sol vent s argﬁﬁreferabl pol ar ani c solvents Preferred water-sol ubl e
organi c sol V&t s arémﬁﬂﬁwﬂyﬂﬁﬂﬁ‘g?WEGWW”BWEHVF@ﬁ@@@vabﬁmm(&mﬁmmb

N-r net hyFhyfH ateiedi froreenialy somriteyrpean DVBGLwAes aiit meitihydd cebamiodecdadhe cl eani ng
conposi ti onssaofaiit dei Sredsiav e 1041 S@MhAINSIGONBs1BESs, AR 1€ 40 6P aNbiGi R0y ent

general | y Iﬂma@t@ep&ﬂnum%WMMqahﬁagygm§éx@h9m@®&%& 9§3%m9&ﬁigrabhg5ff0m

oo ght of E%sﬁﬁ%“"*s@? il °f*’68%%3§"k’ Pl g apol, [orhle bl os% by
i nvention contaln g‘%d%VWWﬁC&”Eﬁﬂﬁﬁ??#ﬂ?ﬁ@ﬁm%wgmWS@mmm“CWm”m’M“w

i nor gani ©- P& PHEPE 8- heoit wlerpricpulatitd , Thiryanian b epblices of tivverential coaeisk | nor gani ¢
phosphor us-(@ahitai aé ngeragiv onmer-hieberpheyedni, p) 4 b &b eaBiBIgeGARRASI ti ons of
t hi s i nventphephornEX@iRhe Scid0dnd e UTH %l'e'énr@l:dn%@sﬁons of this :nvon'ucm opmnaliy c,an

i nor gani c- QQ@S{J@Q@H’ iM@e &Ry s%n@btﬁbgcoﬁi%ng}tsl ngi_.rg%girzsrgﬁe s dﬁar nts mﬁtal comm!eééq d

phosphor ous r&mw%spe. (Xg Hﬁg rous @
(H3POY) . The Pdﬁﬁ%e [ "W’gﬁﬁ€ﬁﬁh BB seBrE P%W HY "aeTer #onponent  of
the cl ealfi rf &“%8WB%§YF“6WEVWP orgaic ymiese AtdroppmintreorciteationtybaeonpdsEt i on i n an

25 anount sUeBYThagsed et heilighthatnatil ocobiizé e ergeniptsgalyertingopRonent to
t he unneut reahiozed Thi@EGaRhCHROSBROE USTERRER Bk NGRS 5L SIMAREHL i S from

about 3:1 to@alPifoott Qo sl RE 81 AR 5O 0 about 20:1 and nore
preferably fron1abgutw4bi f% anoulyﬂnm : g&yk$ﬁ@&m%ter conponent of the

cl eaning _conposition of this invention m present in an anmount of from
about 39%’'to about 60% pﬁ@?@WﬁHﬂ'CWPE%W%%%ﬁF“%@U@B about 50% and nore 30
preferably from about 5% to ABOHREFERGSY EPROMEINght of the conposition. In
general , the water conponent will be added to the cleaning conposition as
part of thecssan@uhtald 286k DR GARNG-RAORPHQRHS 7 GOMLALPLAY, RS9 aﬁ*o.m) onent
since such acids are normally avail abl e as water-containing solutions. The
wat er may however be added as a separate conmponent apart fromor in
addition to the acid conponent. [00%22] The conpositions of the present

i nvention may al so contain any suitable water-soluble anphoteric,

non-ionic, cationic or anionic surfactant. The addition of a surfactant

wi |l reduce the surface tension of the formulation and inprove the wetting
of the surface to he cleaned and therefore inprove the cleaning action of
the conposition. The surfactant nay al so be added to reduce al um num
corrosion rates If further alum num corrosion inhibition is desired.
Further, surfactant properties may aid the dispersion of particul ates,
facilitating better cleaning. Any suitable anphoteric, cationic or
non-ionic surfactant nay be enployed in the conpositions of this invention.
Exanpl es of especially suitable surfactants include, but are not limted to
3, 5-di net hyl - 1- hexyn-3-o0l (Surfynol-61), ethoxylated 2, 4,7, 9-

tetranet hyl-5-decyne-4, 7-di ol (Surfynol-465), polyletralluonethylene



30 conposition conprises the follow ng conponents: a. at |east one

wat er -sol ubl e or water-m sci ble organic solvent, li. at |east one .
unneutralized inorgani c phosphorus-containing acid, arid c. water, wherein
the conposition is free of organic amnes, hydroxylarnines and strong bases
that woul d neutralize the inorganic phosphorus-contalrln? acid cogp?ne?t.

i ] i | e for cleani, m croel ectroni c substrates
containing ol b by e RerbeRl AP s ;&f@ﬁfﬂ@hﬁl‘fﬁw PRl et b Es eHEb act er | zed
by the preseR¢E°OF “alURTHART"Fit A Wb tid ThUGEpEaromstis gwtha of p9O17] The
conposi t i ons“Bf<eptii coPRegEnt foogkan rirekircresesubsale] Want mostioe g ctchiaaitc
substrates am@m@hempmm@mmmEMQMummmm@dmmgummmﬁerﬂhQSWM§mmb&mak&ﬁﬁﬁd by, but
not |imted it@ionthi@ridal) haws:ng D%%@J@il/(ﬁ@b)&&?Qegt]on@lelnéLlr;HQﬁ ir}f)@JﬁﬂlC%Ws;ﬂgru:ﬁxaml es

and Tabl es the: oW brevi ati on are enpl oyed. _ _
NVP=i N- et hiﬂ%'ﬁ@%}diﬁ?ﬁ%ﬁ%pma | ene gl ycol DMSO-di met hysul foxi de

e DEG=Di eth e, ‘
PG=pr opy! en ycol DWP(I?&F%%?%VF@E%T%WP&@” PAZRY SEPHBS P AYFGUS aci d
PA:phosphor8ﬂ®m3bWﬂ”ﬁEﬁﬁ%@E@@HVGW%%V%@Hﬁﬁ@mffﬁéﬁhﬁh@§ﬁhéhﬁ@e@gmd&

[ 0019] Exanplrgytlcpy alcorols, such@e frp@sintid. dmpsrolafyedishiugh dsmy entiplopoyeicglytesied for
thei r abiii tigieos gh@apydl ende|semt &M SkadlRV b-CaMNRIIIRES BGid)Nak e _
Cpl’T‘ppSi t i oNgya@fdindabd, Such ﬂW@@I{dn{BQ NSMﬁ%r{rmir%\%i (F@'y)! nlgglé!ryédyegép%l%”&e‘h)%%glg dt Itani um
ggaéiggéd}SG%a%ﬁéggﬁgﬁgag"g%@ﬁﬁgmﬁgﬁgggﬁﬂ%leQSHQﬁﬂm“fF%ﬁmViegm%hat are
general Iy véry ‘driti curt™ Yo e earae PodP it présuiope sehmplie

substrat es WEME® | IirErYETd Y9 B earicngvebnpo siekirbn sokatordBc @by, 10

m nut es, 'folFenedatysoigbldlormminscivBlis anatiedpient birsiepopfiBie gv@s MidsGyihioidakl e 1
denmonst r at e stifi@e.chvearhdignaamekoh@uat iy 8la¥ndORs G0N QSR Rt M. 4 he 0
conposi tion gk or’igﬂc%ol@e&vg%&t'ailiﬂﬂ an %Q:Ir@pflfrgm %l:om(?oséb%&t 8@&,%93!(,%&? %on?@bﬁgl d % (3/0

0 0
Water % C e@(ﬂk to/(z)ablgxgtglg/u. ;Iﬁcr[(-\:lpreferably from about 75% to aboul 85%, by weight of the composition,

[0814] The cleaning compositions of this Iavention confain one or more unneutralized

20 Inorganic-phosphorus-containing acid, Any suitable unneutratized inorganlc phosphorus-containing acid
may be employed in the cleaning compositions of this invention. Examples of such unneugralized
inorganic-phosphotus-contalning  acid Include, but are not fimiled to, phosphorous {MPQ;),
hypophosphorous (HiP0,) and phosphoric aclds (HyP0,). The unneutralized inorganic-phosphorus-
contalning acid component of the cleaning composition will be present In the cleaning composition in an

25 amount such that the weight ratio of ihe organic solvent component to the unneutralized inorganic-
phasphorus-containing acld component s from about 3:1 to about 40:1, preferably from about 3:1 1o
about 2001 and more preferably from about 4:1 to about 10:1

[0011] The water component of the ¢leaning composition of this invention may be present in
an amount of from about 3% to about 60%, preferably from about 5% to about 50%; and more

30 preferably from aboul 5% o about 10%, by waight of the composition. In general, the water component
will be added to the cleaning composition as part of the unneutralized inorganic phosphorus-comtaining
acid component since such acids are normally available as water-containing solutions. The water may
howover be added as a separate componeat apat from or in addition to the acid component.

{00127 The compositions of the present invention may also contain any suilable water-soluble
35 amphoterts, nor-ionlc, cationic or anionic surfactant, The addition of a surfactant will reduce the surlace
leasion of the formulation and improve the wetting of the surface to be cleaned and thersfore improve
the cleaning action of the composition. The surfactant may aiso be added to reduse aluminum corrosion

rates if further aluminum corroslon inhibition 1s desired. Further, surfactant properiies may ald the

. 3.



833 HPA 8.3 8.3 90 5 8.3 70 20 3 DMB5 83.3 EPA 8.3 8.3 70 20 4
Sul f ol ane 83.3 HPA 8.3 8.3 70 20

dispersion of pariculates, facildating befter cleaning. Any suitable amphoteric, cationic or non-jonic
surfaclant may be employed in the composilions of this iwention. Examples of especiadly suilable
surfactants include, bui are not limiied to 3 5-dimethyl-i-hexyn-3-of {Swfynol-81), ethoxylated 2.4,7,5-
tetramethyi-o-decyne-4,7-diol (Surlynol-465), polytelrafluorosthiyiene cetoxypropyibetaine (Zonyt FSIK),
5 Zonyl FSH, Triton X-100, namely octyiphenoxypolyethoxyethancl, and the ke, The surfactant will
gensrally be present In an amount of from © 1o about 5 wi%, preferably 0.001 o about 3 wi% based on the

weight of the composition.

100131 The cleaning compositions of this invenfion can also optionaily centain other
components, including but ol fimited to, corrosion inhibitors and simifar non-corrosive components
16 employed in microglectronic cleaning compositions. The compounds may include catechol, resorcinol,
gaflic acid, propyl gallale, pyrogallol, hydroquinone, derivatives of henzolrazole, atd polyfunctional
carhoxylic acids such as citric acid, tartarlc acid, gluconle acid, sacgharic acid, glyceric acid, oxalic acld,
phthalic acid, matleic acid, mandelic acid, malonic acld, factic acld, and sallcyile acid.
{0014} Organic or inorganic chalating or melal complexing agenls are nol required, but may offer
15  substantial bencfits, such as for exampie, improved product stability, cieaning, and corrosion prevention
when incorporated ifo the cleaning compositions of Lhis invention, Examples of suitable chelating or
complexing agents include bt are not fimited to trans-1,2-cyclohexanediamine tetraacetic acid (CyidTA),
ethyienediamine tefraacelic acid (EDTA), pyrophosphates, alkylidene-diphosphonic acld derivadives {e.g. 1-
hydroxyethane-1,1-diphosphonate {(HEDPA)). The chetating agent wll be present in the composition in an
20 amount of from O to about 5 Wi, preferably from about 0.1 to about 2 wt% based on the weight of the
cormiposition,
{0016] in one preferred embodiment of the invention the deaning composilion comprises
hypophosphorous acid and waler along with one or more of N-methylpyrrolidinong, sullfolane, diethylene
glycol, and DMSQ. n another preferred embodiment the cieaning composition comprises phosphorous
25  acid and water along with one or more of N-methyipyrrolidinone, sulfolane, diethylene glycol, and DMSO.
[0016] In another aspect of the invention ihe Invention comprises a method of cleaning a
microelectronic subsfrate, the subsirate containing phoforesist pelymeric material, residues, such as
ashing or etching residues, and metal containing layers, the method comprising contacting the substrate
with a cleaning composition for a tine sufficient o clean the substrale, wherein the cleaning
3¢ composition comprises the following componenis:
a. atieast one water-soluble or water-miscible organic solvend,
b, atisast one unneutralized inorganic phosphorus-conlaining acid, and
¢, waler,
wherain the composilion is free of organic amines, hydroxylamines and slrong bases that would
35 neubrallze the inorganic phosphorus-containing acid component. The method s especially suitabie for
cleaning microeleclronic substrates containing multiple metal layers and particulatly substrales

characterized by the presence of aluminum, thanium and tungsien mefals,

-



Sul f al ane 40 HPA 10 50 80 10 6 DEG 83.3 HPA 8.3 8.3 905 7 DEC 90 HPA 4.5
4.5 70 10 [0020] Exanpl es 8-17 Conpositions of this invention were
tested for their ability to clean mcroelectronic devices by imersing in
the conpositions of this invention substrates having Al/TiN | ayers that had
been coated 25 wi th photoresist, exposed devel oped, hard etched and ashed

to produce %*f%l Li nﬁ\§c(§nn@%t|m§rop g%\'f]&ﬁt{og lhe}( umg glea%%*? oe%(grm%c 9?%0&1& h'gn the vies

;{] EXSar(T:p:‘ gf thﬁbnon metal co[mgxm IRy e“&fjg\;gﬁiﬁ{f%gy H_ut ?ﬂi lﬁmiecﬂf tlmtlogpwg A H%eé Tﬁrerpt‘)zlsfj: ,? 28| n
Tabl e 2 demdti¥trat e *1‘ ﬁ‘é“"&??*’@&ﬁ?“ﬂ’&s aifl dehtee haleiovied PO elrerddEYe nature of the
conposition of tWPsN-eiwenkidome particularly in the presence of sel ect
additivess TabloeciEoepasde i on Sol vent
DMEC-dimethyaulfoxide
PG=prapylene glycol
PMAC=dimethylacetamide
HPA=hypophosphorous acid
10 PA=phosphorous acid
HEDPA =1-hydroxyethane-1, 1-diphosphonic acid
[0019]) Example 1-7
Composilions of {his wvention were tested for thelr ability to clean microetectronic devices by
immersing in the composilions of this invention substrates having AFTIN (alumioum/fitanium nitride)
15 layers that had been coated with pholoresist, exposed, developed, hard efched and ashed fo produce
titantum rich vias thal are generally vary difficult 1o clean at low tempoeratures. The sample substrales
were immersed in the cleaning compositions at 45 °C for 10 minutes, followed by a 1 min. DI water
fdnse.  The resulis in Table 1 demonsirale the cleaning and ralatively non-corrosive pature of the

curnposition of this invention.

20 Table 1
Composition | Solvent % Acid % % Water | % Clean | % Etch
1 NMP B3.3 HPA 8.3 8.2 90 5]
2 NMP 83.3 PA 8.3 8.3 70 20
3 DMSO | 833 | HPA | 83 8.3 70 20 |
4 Suifolane | 83.3 | HPA 8.3 8.3 70 20
5 Sulfoiane 40 HPA 10 80 80 10
e DEG | 833 | HPA | 8.3 8.3 90 5
7 | DEG T a0 | HPA | 4B 45 70 10
{0020} Exampies 8-17

Compositions of this invention were tested for thelr ahility to clean microelectrontc devices by

immersing in the compositions of this invention substrates having AVTIN layers that hiad been coated

25 with photoresist, exposed, developed, hard efched and ashed o produce mefal iines that are generally
more easy to clean thanr the vias in Examples 1-7. The sample substrales were immersed in the
compositions at 65 °C for 20 minutes, followed by a 1 min. DI water rinse. The results in Table 2
demonstrate the cleaning and relatively non-corrosive nature of the composition of this invention,

particutariy in the presence of select additives.

-5



% % | VA % Water % FIEDI DA C ean Etch 8 DMSO 77 3.8 10 9.2 100% 0% 9 DVS0O 83
4.2 7.8 5 100% 10% 10 NMP 86 2.2 6.6 5.2 90% 0% 11

L

Table 2
Composition | Solvent | % | % HPA | % Water | % HEDPA |  Clean Etch
i e T e s I
9 DMSQ | 83 42 7.8 5 100% 10%
10 NP 86 2.2 66 | &2 | oo 0%
11 NMP 77 3.8 10 9.2 100% 10%
2| NPT 8B a3 |7 26 100% 50%
13 NMP 83 4.2 7.8 5 100% 20%
14 PG 83 4z 78 | B 160% 20%
B DMAC | 744 74 13 85 | 100% 20%
16 DMAC | 90.1 23 48 2.7 70% 20%
TN DMBO | 77 | 38(PA) T 10 52 T H00% 0%
§0021] While the invention has been described herein with reference {o the specific

embodiments theraof, It will be appreciated that changes, modiflcallon and vatlations can be made
withoul departing from the spirit and scope of the inventive conoept disclosed herein. Accordingly, it is
inferded to embrace all such changes, modification and varfations that fall with the spiiif and scope of

the appended claims.



NVP 77 3.8 10 9,2 100% 10% 12 NWP 86 4.3 7,1 2.6 100% 50% 13 NMP 83 4.2 7.8
5 100% 20% 14 PG 83 4.2 7.8 5 100% 20%

I claim:

1. A composition for cleaning microelectronic substrates consisting essentially of the
following components:

(a) at last one water-soluble or water-miscible organic solvent,

(b) at least one unneutralized inorganic phosphorus-containing acid, and

(c) water, and optionally

(d) at least one surfactant,

{e) at least one corrosion inthibitor, and

(f) at Icast one metal chelating or complexing agent;

wherein the composition is free of organic amines, hydroxylamines and strong bases that
would neutralize the inorganic phosphorus-containing acid component and wherein the
water-miscible organic solvent consists essentially of from about 35% to about 95% by
weight of the composition and the weight ratio of the organic solvent component to the
unneutralized inorganic phosphorus-containing acid component is in the range of from about
3:1 to about 40:1 and the water is present in the composition in an amount of from about 5%

to about 10% based on the weight of the composition.

2. A composition according to claim 1 wherein the unneutralized inorganic phosphorus-
containing acid comprises an acid selected from the group consisting of phosphorous

(H3PO4), hypophosphorous (H;PO,) and phosphoric acids (HaPOs).

3. A composition according to claim 2 wherein the water-soluble or water miscible organic
solvent component is selected from the group consisting of N-methylpyrrolidinone, sulfotane,

dimethylsulfoxide, diethylene glycol, propylene glycol, and dimethylacetamide.

4. A composition according to claim 2 wherein the unneutralized inorganic phosphorus-

containing actd comprises phosphorous acid (H3POs).

5. A composition according to claim 3 wherein the unneutralized inorganic phosphorus-

containing acid comprises hypophosphorous acid (H3PO,).

6. A composition according to claim 1 wherein 1-hydroxyethane-1,1,-diphosphonic acid is

present as a corrosion inhibitor.



15 DVAC 71.4 7.1 13 8,5 100% 20% 16 DVAC 90.1 2.3 4.9 2.7 70% 20% 17 DMSO
77 3.80 A 10 9.2 100% 0% [0021]While the invention has been descri bed
herein with reference to the specific enbodinents thereof, it will be
appreci ated that changes, nodification and variations can be made 5 wi thout
departing fromthe spirit and scope of the inventive concept disclosed

1 . PRHANER Yokl L BB, 1 FTR BES S BN EBE R 1
appendegobairitenateial Clegidits ahd aAn@ANPRIIrddeOcdrOiri sl LLamtREN M QBLREL I ONi C
subst rat eal aC 8[]3181;11% (I:orllagpogﬁlso%nfgll 3 llulnz SLcl)ff‘ﬁCECI?]?tOf ccl)clealnot\lllvtla Qu sg gtgp\?f}rllggztnsthe cleaning
composition consisting essentially of the following components:
(a) at last one water-soluble or water-miscible organic solvent,
(b) at least one unneutralized inorganic phosphorus-containing acid, and
(c) water, and optionally
(d) at least one surfactant,
{c) at least one corrosion inhibitor, and
(1) at least one metal chelating or complexing agent; wherein the composition is free of
organic amines, hydroxylamines and strong bases that would neutralize the inorganic
phosphorus-containing acid component and wherein the water-miscible organic solvent
consists essentially of from about 35% to about 95% by weight of the composition and the
weight ratio of the organic solvent component to the unncutralized inorganic phosphorus-
containing acid component is in the range of from about 3:1 to about 40:1 and the water is

present in the composition in an amount of from about 5% to about 10% based on the weight

of the composition.

8. A method according to claim 7 wherein the unneutralized inorganic phosphorus-containing
acid comprises an acid selected from the group consisting of phosphorous (HiPOs),

hypophosphorous (H;PO,) and phosphoric acids (HsPOy).

9. A method according to claim 8 wherein the water-soluble or water miscible organic
solvent component is selected from the group consisting of N-methylpyrrolidinone, sulfolane,

dimethylsulfoxide, diethylene glycol, propylene glycol, and dimethylacetamide,

10. A method according to claim 8 wherein the unneutratized inorganic phosphorus-

containing acid comprises phosphorous acid (H3PO3).

11. A method according to claim 9 wherein the unneutralized inorganic phosphorus-

containing acid comprises hypophosphorous acid (H;PO,).



(a) at last one water-soluble or water-m scible organic solvent, (b) at

| east one unneutralized inorgani c phosphorus-containing acid, and (c)
water, and optionally (d) at |east one surfactant, (e) at |east one
corrosion inhibitor, and (f) at |east one netal chelating or conriplexing
agent ; 1dhémeillnod dveordonposidimdnwhacihrleeydodx yotlgamil d -dipihngghonhymtidisy | am nes
and stragn ﬁases t hat |.d neutralize the inorgani c phosphorus-containing
aci d cofPSREAT “SRY° é&@#ﬂ“?he wat er - m sci bl e organi ¢ sol vent consists
essentially of from about 35%to about 95% by wei ght of the conposition and
the weight ratio of the organic solvent conponent to the unneutralized

i nor gani ¢ phosphorus-containing acid conponent is in the range of from
about 3:1 to about 40:1 and the water is present in the conposition in an
amount of from about 5% to about 10% based on the weight of the
conposition. 2. A conposition according to claiml| wherein the
unneutralized inorgani c phosphorus-containing acid conprises an acid

sel ected fromthe group consisting of phosphorous (H3P03), hypophosphorous
(H3P02) and phosphoric acids (H3PO4). 3. A conposition according to claim?2
wherein the water-soluble or water m sci bl e organi ¢ sol vent conponent is
sel ected fromthe group consisting of N-nethylpyrrolidinone, sulfolane,

di et hyl sul f oxi de, di ethyl ene glycol, propylene glycol, and

di et hyl acetam de. 4. A conposition according to claim?2 wherein the
unneutralizecl inorganic phosphorus-containing acid conprises phosphorous
acid (H 3P03). S. A conposition according to claim3 wherein the
unneutralized inorgani c phosphorus-containing acid conprises
hypophosphorous acid (H3P02). 6. A conposition according to claim1l wherein
i ydroxyet hane- 1, 1, - di phosphonic acid is present as a corrosion inhibitor.
7. A nethod of cleaning a mcroelectronic substrate, the substrate
cont ai ni ng photoresist polyneric material, residues and a netal, the
process conprising contacting the substrate with a cleaning conposition for
atinme sufficient to clean the substrate, wherein the cleaning conposition
consisting essentially of the follow ng conponents: (a) at |ast one

wat er - sol ubl e or water-m scible organic solvent, (b) at |east one
unneutralized inorgani c phosphorus-containing acid, and (c) water, and
optionally (d) at |east one surfactant, (e) at |east one corrosion
inhibitor, and (f) at |east one netal dictating or conpl exing agent;
wherein the conposition is free of organic am nes, hydroxyl am nes and
strong bases that would neutralize the inorganic phosphorus-containing acid
conponent and wherein the water-m scible organic solvent consists
essentially of from about 35%to about 95% by wei ght of the conposition and
the weight ratio of the organic solvent conponent to the unneutralized

i nor gani ¢ phosphorus-contai ning acid conponent is in the range of from
about 3:1 to about 40:1 and the water is present in the conposition in an
anmount of from about 5% to about 10% based on the wei ght of the
conposition. 8. A method according to claim7 wherein the unneutralized

i norgani ¢ phosphorus-containing acid conprises an acid selected fromthe
group consi sting of phosphorous (H3P03), hypophosphorous (H3P02) and
phosphoric acids (H3PO4). 9. A nethod according to claim8 wherein the

wat er - sol ubl e or water m scible organic solvent conponent is selected from
t he group consisting of N nethyl pyrrolidinone, sulfolanc,

di et hyl sul f oxi de, di ethyl ene glycol, propylene glycol, and

di net hyl acetam de. 10. A nethod according to claim8 wherein the
unneutralized inorgani c phosphorus-containing acid conprises phosphorous
acid (H3P03). 11. A method according to claim9 wherein the unneutralized

i nor gani ¢ phosphorus-contai ning acid conprises hypophosphorous acid
(H3P02). 12. A nethod according to claim7 wherein | -hydroxyethanc-1 |,

, - di phosphonic acid is present as a corrosion inhibitor.




