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Stripping Photoresist And Organic Materials From Substrate Surfaces

Backgr ound of " he present invention relates to the field of

m cr oel ect rowﬂﬂm\m\“&‘w integrated circuits, and nore partifrhlJAN 2008 0
conpositions met hods of renoving photoresists or other organic

material s from t HE®®AY faces of substrat'es used in the fabrication of
integrated circuits. In particular the present invention relates to

am ne-free stripping conpositions conprising solvent and surfactant that
can effectively renove photoresi st r organic materials w thout
corrodi ng the underlying subst rate,‘déglc(?{ fio hods for renoving these

mat eri al s | ayeCemiokitiohorStvigbirki Ph@rexistcArd 0sganieMatekielOF e St
conpositions are used in mcrolithograph rocesses for nmaking mniaturized
el ectroni ¢ conponents such as irﬁiﬂéﬁaﬁlﬁéﬁr on of conputer chips and
integrated circuits. Generally, in these processes, a thin coating of film
of a photoresist conposition is first applied to a substrate material used
f or maki ngBagk&@@uadast iIavétiort S, where the substrate may be silicon wafers,

or silicon waters wth a silicon oxide or a netallic coating. The coated
substrate is thdherirsentipventigiorelatesdahe feldofimicroelpetrenies opla as

surface of MEgatedshbdes Yo Relta PBllaRy i SRR Ristand FRARAEEL IFe 1o
radi ati on. rdmbsginggscibiedistevpothierorganisenaterialsefidroahe tsusfasésofat i on in the
exposed areas of the coated surface. Visible light) ultraviolet (UV) light,

el ectron béHhﬁt&%@S%SﬁQJnﬁE@f%@ficaé'ﬁéerﬁntﬁgéatPﬁdiirgt‘it%n|ri patisulastien! v used
Codev in o o . f adrat i e
coat v SubBis i IRSHRRIefot B 87 BRRES ol ditbping BridBARY GimBRg v D, 1 Ne

renove eit lselvenhandatirfactam tieatpzseelfantivelyeremmepoisstdresistdayars drhe
phot or esi st. Subsequent \%rocessi n .th&; can be carried out on

h
substrat e, OWBRYA rl_als thout gqr. RS TYiRe ﬁ'é‘?%iratﬁeﬁﬁgi"ﬂ‘?%ﬁ,gs et chi ng
of the subqﬂr @nﬁ‘oviﬁglﬂ'\é% Abtdris F%'}gt?ée ﬁ@hgh%ﬁo%h&ﬁp@{n%cé‘&ﬁﬁésiﬁaﬁ"m in the

art. Once this processing I's conp ot ores is renoved fromthe
substrat e. TradiRhatodslist coniposgionisaresised ihayierolitsograpby @dodsssestfochem cal

processing that attacks the otoresist and strips it fromthe substrate
b Chout cortana bR izl SpRRENEIE gl sychrSindte (HEAIPE Furt ace.
There are toapnputeeenips aPlAah@igraledlicikRitBOBdrcPaly), iR B¥sYd YROBBSES, NWtHimd
positive-worki ng. Wen neg@;i ve-wor ki ng_phot oresi st conpositions are

exposeg i na:@@iimgﬁa_ﬁ!m_qf ah tpmisltmmmﬁ;ﬁml i@ffirstr@pl@@litl@ta &Uh@ib‘:lﬁﬁt i on
P roes- 1 1 Rgar s i gRBa eofRBnatetle s o8 S U 0RE ViR O (O

phot or esi stgjifc Wafbrs Sordilicdriwaldry Yith  Silibbh @xide GUs healafielcekting. Thus,
treatnment of an exposed negative-working resist with a devel oper causes

renoval of Thecontedsubstate isrtban baked e eyapeorate anysotwent imtheand t he
creation of ,a,neqative | e in,th oating, thereb ncoyerd.ng, a, desired
or t1 onof RIS cPfReT e ety ta B R toataamGuRe subREan ol o7 B
conposi t i orgied 96HA6e bEthe §dibstite & et sudfsbtedean ﬁmégéw@ew[:bsm
phot oresi st conpositions are exposed i mage-wi se to radiation, those areas

of the photterradiationconposi ti on exposed to the radiati on become nore sol ubl e

to the devel operwsol ution (e. rran e i .occur,s) while
those areas not @ﬁéé@'&ﬂ%%ﬁpﬁs?%gﬁﬂ%@%ﬂ%ﬁ@%hﬁ?ﬁgpﬁg}@ﬁ%{ oper
sol ution. Thupseli'pakiBnthedtoBd QuFAEEd IIBIe! ligHe umalion (ROtiyghesi st wi th
t he devel oper causes renoval of the exposed areas of the coating and the

creat i on ofelectpers beareandrferayiradiant ephargyoaregiadiationdypeg comgadnly usedesi r ed
portion of tt e under | {J n S@?St rate sur ffég%e i.S.uncovered. Positiyve working
phot or esi st'O8BHHHEIEO h'éj‘éé? 1% RrOwSRSey: ARG INGEP-Wsg LPIZUK RS ng

resi sts becsyiigd bNBstrteTE tre@stewth| 2/ dbigp&eddigtion &S ailsdbiveraridRaRbld t i es
and pattern transfer characteristics. Photoresist resolution is defined as

the snal | estittesdheradiatioriexppsed o6 tha uexRRsedtareas of the phateresisl b -3 can
s I SR YR RSt BB DAL oM T LtialE Uiin Hhay ™08
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Posi tive photoresists conprising al kali-soluble resins and photoactive
conpounds that are .well-known in the art may be used, for exanple, as

di scussed in the fol.low ng patents and incorporated herein by reference,

U S. 4,944,893, U S. 4,853,315) U S. 5,501,936, U S 5,532, 10077 IAN b
5,541,033. Stripping conpositions known in the prior art contain conpounds
that nake the conposition difficult apd expensive to handle in view of
their toxicity, disposal, attack on the substrate, limted bath life,
contam nation of the processing environnent etc. Traditionally acidic

strippers suhas oedsco in S, 4944 93we used.to renove
phot or esi s‘Pg iqw e€8ﬁ't'8p E f%ﬂf tg%sd‘é’sya é’é“QB ﬂ‘g?érag?ri ppers
cannot be gsgher g?oééé%s AbRH Withe afet@htéd 911@9?6&6@&1@ RC@mslefistt t ack
t hese coati ngs. gani c strippers containing phenolics and hydrocarbon

sol vent s apkotoeesist iseamoned frop theysdaddratand raditionallusee photorﬁetsal

substrat es, but.are not deS| d to t nd disposabl e
cost of & nEVRY stk AL HeL B i Brogs B P A, FeABtRalst oxt e and
sul furic aghd stipeoit oAt substiate AsAbuticdrroding oy deeso in@ttﬁé with chrom um
Stripping conpositions containing basic conpounds such as amn nes)

al kanol ami tﬁé%grltarﬁfdie%substt‘aiermﬁyl ammoni um hydrOX| de are known and are

d h fe 824,763 U.S.
4504 571, U, 5. TBRd e R pBEYT pndiesesist (ndsiloas. meaalh®iady i ppo <

cont ai ni ngaﬁalpbsmwa%rtgn NHEN Sedtand-Waikash Bﬁ@tb?éﬁ& éctm.aéat.tsﬁ@m wher e

the solvent is acetone or N nethyl™ pyrollidone MP). Acetone presents a
fire hazar @arex@dposes image-wisei tooadiatigadthenneastaf |tlp@e¢ssb¢omh@sborst ri ppers

cont ai ni ng e ounds. ca ﬁs rri h | am ne m des or

t et ramet hyF9§??§r%%f°qﬂ\8H§§ta§§?P}% Ie%gl g@jé%?égad;e%ego% rﬂ%"‘étfb ge tfectively
renmove bakadroswlinkingirehstiorHorsirsy whié tite QaeRsuYR Sredk @f tiglesi rabl e in

envi ronnments where the photoresist is sensitive to environnental ~ T ,IAN

2003 -4 coRbatarasist @Pﬁtlﬂﬂaﬁ%“ai@ ralativel SorIP 4@ SHEN @reoledon dBHEr at ed duri ng

POt oS! o1 BN LREEAN oI LLE A0SR, SANRIR i &ReRbdHa? cBfiater esi st

The contam nati on 1 sSué™is ma worse b ese

strippers pendvalofiine moatexpdsedireasbhthy sisotofesistavatingnd wie ef fective
stripping of the photoresist, leading to Increased evaporation of the

stripper c&RAINERIA negativeimage inrtheicorEing pisreneyneeverings desisadl e, such
as those d |t|veto basi c
cont am nat PonaLothEdindtEfiibd ¥ ruRAZ <l SokAich Tt BRO 8RR | s

properti es cnmpmsrttmrwas dbposwsad cont am nat| on of chemcally arrpl ified
resists, é—t&@bem% a SPI E 1925, 43-52. Thus there is a
demand f or effe < fg‘ﬁ@ sWPRR POs] 'é(ef"f’%r 'Qﬂ‘p'&@?ﬁ‘?%“a‘fﬂi“%%%t'%n%ormonents
or where sSiph ek PHQ&&‘ﬁﬁé %bﬁﬁrélf?élﬁfrﬁftl%e ArRisdfane pﬂoﬂfr@@?stneed has

devel oped for stripper CTonpositions for photoresists, where the stripper
conposi t i ogempositionexpaseddptbe radiation becemsubete smleble tartheeasi | y di sposed

of, are of Jow toxicjity, contain no vola rltslle co one tl are |l ost on
heat i ng andeVRIRDY SRRt TR RGeS b o R PR LR IS P or k w t h
m ni mal  or gpgadfat & éft&bse%* r‘én?é?ﬁtreI%flfl@l?tlhycﬂuﬁl%qoﬁhéfdéﬁ/émp\ér%@ﬂ}tﬁin” no basic

conmpounds that can l'ead to contam nafion of the photoresists being
processed ilhush h-eaunemto@ftamexpmdrmsmweeworkm@ pobjaresist/ witbfthehe present

i nvention rovi de stri conpositions t exhi.bits bstantially
TV Ele humdeveloRBh chLs R Eemaraas e FRgSseq Bian dihaicalibh engida: o

bi odegr adallrgatidd of & p%%ﬁi@etlﬁn%ggl?h%‘é bMStd?ésnEthé‘oaﬂ r@geﬂéalhna%iraa to provide
a stripping conposition that i"s essentially, non- , hon-corrosive
to netal s, poaton owmumrderlwsgssubsttate sunizcens nhsovkredng evaporatl on, and is

ff ti ith ti Anot h b 1 f t 1
venti oo 16 o R woking phaf i canobsfians At Clurehyy BV BT hac: ¢

conponent s ov%t"?@ éﬁvé‘Wc’ﬁ%ﬁg réSER Bt AR ¥oHferagkhatdly AXYS BBHEES. Yet
anot her objecti ve of the present invention is to provide a stripper that
can renove resolsitibn wapdbiliti€s ‘andmtmﬁaanpfamto@aemtetnstms Hainotenesistphot or esi st

wi t hout causing,.corr on,of the talli Str mary of the

vent i on 7RSORGB Selineinghe SHAlGst feafira it T iasishCa oot

conprises an adm xture of a water m scible sol vent and surfactant wher e
the conposition is free of am nes and does not corrode netallic surfaces.
In a prefered enbodi nent of the invention the stripping conposition further
conpri ses additives that can enhance the perfornmance of the conposition for
the renoval of specific organic nmaterials from specific substrates.
Particularly preferred additives are tetrahydrothi ophene 1, 1-di oxi de and
polar protlc solvents and ntxtures thereof Detalled Descrlptlon of the

o " o " o o o o,



-6 the resist has been treated at high tenperatures, such as crosslinking,
ion inplantation or hard baking at tenperatures in excess of 140C. The
types of surfactants'that are found to work well are those that are
preferably | ow foaning, environnentally safe, preferably bi od@gt dAND2IE]
chemcally stable, and soluble in agueous solutions, especially where the
stripper solution may be heated. Noni8mic surfactants are particularly
useful, although anionic and cationic surfactants may be used. Exanpl es of
noni oni ¢ surfactants are linear or branched al koxyl at es,

et hyl eneoxi4letriahefey e Me PfRoteRlSRRD Ihe 30BSYARWith é'rﬁ@r'?@lb?reéﬁ’@f yet hyl ene
gl ycol nonophenyl ether, etc. Specific exanples of surfacfants, but not

i mited toimageetf®asuitybftehexpedukeapdaiayelopmentecyl al koxyl at es,

ly(et hyl Lde. | i de). | | ene oxjde. The stri
oo et o enoridc g PR AT B B RRIERGTE B, T =11 e
sur f act ant photgakiivd 8bmpouhlis It e WISSkAcWwHh f e adehay heusegmepnents to the

novel stripper. Such additives could be antifoam ng agents, polar protic
sol vent s) example, as dispussediing e tnliowing patents Aodéncarpoeatad hgreisyounds,

am des, la b t ] e f t hough noni oni c
sur fact ant §éf§'3’5’§er gg%é%a?@r% Pgébg'ggéiww;f §l§¢§$$}é)u% s of the stripper
it may be BEIVSEET ¥nd ©.8d8 stadNanm ng agents general ly known to be
suitable for the appropriate nonionic surfactant. QG her protic solvents

that may be i ncStMRRIBY caMposBionNsknown ippbe RE@N aplecamtaivrcorgPgunrds ne,

glycol s, | cull els - I . | t. so found that
t he conpouﬁ}égérﬁg%ﬁetg\eﬁ%é\sésﬂm%gﬁd%&g%ns&%ggﬁéeﬁ%@hégdlemﬂg\rl]wgl\ﬁg’id to the

novel stri s toxiityatiBposals attatk on theeubétrate! limitetidyatly sife,of the phot oresi st
fromthe substrate; such conpounds being, for exanple, tetrahydrothiophene

1, 1- di oxi dEPRiAMIBALSR Pl the Brogersing Awirepment etc.1 direaditigaalty a¢idicl ene) ,
but adi ene : . ] , abl e
o des. | magt HPene 5l g b AL BlsBse TR S e 0 R e S FBhoRk on i s
N, N- di et hy ph8taresilstd foemzsilidatheor sili€orToxidbl s2idfa8es,butthesastrggpess ri pper
conposition of this inyention conprjses ﬁ]n adm xture of_ggazol vent and a

sur f act ant C3QRgYRe pRgd tr@pessmtbgpﬁta S ENY SREBY §Clei ght %t o

about 99.9 ' Oof 3 e ARG A ; urfact ant
ranges fr Omﬁﬁéat{ﬁg‘%_ \/\%#baniti&%@bg%out SBHﬁgnﬁﬁ%%ﬁ(ﬁﬁﬁgﬁ%ﬁmosi tion.
Pr ef er abl y soiventsrarendesdribed inalit 6,16 B8, fandmaboeitiséd ferengtal % t o about 90

ight % of the total it t t .of f act ant f
Bbout 1 wereHRRrelsS it AP 2 e G oS Nt B PIPERDar i g L he
relative pchQPéftth@rhyi‘froéé}%oﬁ‘é'biv%?ﬂ.a@ri;lﬁébrk%n?&iﬁi‘n@&%o%‘id:ﬁ%ﬁoiiﬂé the

adj ustnent of the efficacy of the novel stripper In renoving different
types of plandsuftrictacidrlsogirerentsd disppsel diffioultytesseciabed witheri al s to be

renoved hav beentﬁated. Simlarly, varying the additives aﬂdtheir
concent r at IFORRTIYN RERRIVS COLROSHoES aRBINGRATS FOMREUDERFHEN G ¢ he
per f of MancGrdiABL ! ARahSIATIGE SFiiHERB ol dEIB B Morilnefirbimesyen the novel

stripper can range from abou ) _ 0 bout 50 wei ght % of the
total conpdePwincand gepinsarpagated hereirs by cefessnast U.Be4dd@ 113dJ.SThe novel

W de'range ‘o2 haen Pt SrebS LIRS ghe S Y Ser e Bl Y Rective tn
renovi ng pM%,ssss@uﬁp@f@rd@itminwmy%bwemi@ﬁerﬂwe RardibAredi none
di azi des, especially ere the photoresist has been baked at tenperatures

exceedi ng Protresist arpkaewe: whes the slvedds ecetenesordN seetpyk ti cul arl y

of “am nes PSR (IET AR PSR 2 o€ baZb S50 B MsETai 1y anpli fied
phot or esi stdigcduRagedaNMP strippdis ap tHdxesstrigper dartaif@fpbayicexposure) that is

180-260 nm The deep uv photoresists conprise capped al kali-sol uble resins
and phot oacoMpe suelt es amioes..ethapelamines tamidagiafidetrametiithown t o

or csont i mATHTP Bl VBRI RER PSficlied 1ol eSadrhBR Y BrGBB Lol 1 "any

basi ¢ conpy&red. pHtbidesrt a0 Howevee bakic dipfforinté Bfe DRE@SSIRdblervention is al so
effective in renoving photosensitive and nonphotosensitive polyimde

coati ngs arfvirongentgwkep@tie plgotosesjstic seasitivede eayirpo@estalt i ngs from
substrates, for exanple, such as those disclosed in U S. 5,294,680 and U.S.
4,803, 147. The stripper is also effective in renoving residues deposited on
the substrate after the dry etching process, where commercially avail abl e
equi pnent is used to etch substrates or polyners using plasma or reactive
ions. Exanpl es of substrates for which the novel stripper is especially
useful since it is non corrosive to the substrates, are alum num nickel

a0 . e




seconds to about 180 seconds on a hot plate or for fromabout 15 to about
40 mnutes in a convection oven. This tenperature treatnment is selected in
order to reduce the concentration of residual solvents in th Qat i whi |l e
not causi ng substantial thermal degradation. In general one ﬁégﬂAEsﬂ@%

m nimze the concentration of solvents and thus this first tenperature
treatnment is conducted until substantfally all of the solvents have
evaporated |l eaving a coating. In a preferred enbodi nent the tenperature is
conducted at from about 85C to about 95C. The treatment is conducted until

the rate cdortARnuRiod] cagsingMHeutralipatidn bepRasid gehatateeduringsi gni ficant. The
tenperature and tinme sel ection depends on the photoresist properties

desi red byPhatelysiseandithefeby effecting theneharaciesigtionaf tenphoteresisty desired

Fadi at on. TEE pRaRRERYT feReis MeleCwits pofie BB ST hd=t "t om abou
180 nm t o ghppersiidedd be haktedtloaehipeiataPedTof &PUNBESTPCfor leffeefivé adi at i on,

in any desired pattern, produced by use of suitable nmasks, negatives,
stenci | s, $tgppingtefdhephotorerist Jeadivgdeiinerensed prapreiatiodriithe subjected to a

post exposyf. in [ t t | &her f r..ghter

devel opnen#{.r's'?%'ggﬁrggﬂq%st gﬁggpgqq@r%réﬁmétggéﬁlQgh{oggeg%[‘n%%élfcg about
170C, nor ea9frfserddielopedfor deeptuvidiiosube ake phrtitufirly ddissitheatd ng may be
conducted for from about 10 seconds to about 30 mi nutes, nore preferably

f r om about Paic septamiatien asslitcloted kbR Rligatiomolnfigpace obpolpiit 10 to
about 30 T ALAS DY RIS chaR o SR AaRER A7 leRIGIR SbRed oAt e
substrates are dével oped TO renbve the | nagew se exposed,' non-i mage areas
by spray destdtepiWgDusiimgbery etbk BPIEeVole1eRdpdNG2s dThus there @ sol ution is
preferably agitated, for exanple,, by nitrogen burst itation. The

subst r at gsd%{?‘énglbeﬁf@%ﬂt"@ srt@ag‘?rﬁ thﬁy?rﬁef"%%.ggﬁﬁ'ﬂé%arﬂﬁlggfs'cal |, or

subst ant i a&&ﬁﬁp@ﬁ%ﬂts(gr Wﬁ@re@&hf}fe‘?ﬁé@erﬁgeéh B rdfezpol ved fromthe
exposed areas. vel opers may i ncl'ude aqueous Sol utions of anmoni um or

al kali metal hyWTherefdesa gt rnpesf lvais devdigped fordsdripset edmpositiops f@ammoni um
hydr oxi de. 6 sui t.apl e 0,7 .1 AN 2003 -10 devel oper is AZ gPO M F Devel oper
(avai | abl eP BWﬁ%?"_ﬁ SaMn@re FWY'RB‘*W’@P@E IPBRAEC DROHFATERVe 0 dj vi si on of
Clariant ChigaNialsliBSiraté@ery bhdify dibb¥setPoR @¥d of fhi RiicifTe¥Alaifhot he coat ed
waf ers fromthe devel opi hg sol ution, one may conduct an opti onal

post - devel vplatile coroponentsdhatcane lost pakeating anditeys ceduning th bally s adhesi on
and chem c toresi stance to etchin ol utions and ot her .supstances. The
post - deve! Digarneatazie, B85 S Wity Pirla PLbb PR eAreiadt RESEIVE he - coat ! ng
and subst r ahg grefepiblyRntfAtnd Wadic £68/pBLHAS tRftidin ledBeoi ndustrial
applications, particularly in the manufacture of mcrocircuitry units on
si | i con/ si cbotaminatian of theyprotordrists beinrg pracesded én tsetabsigbtionat es may be
treated mﬁ%ﬂv? ﬁgffered) hydr of l uori ¢ acid base etching sol ution.

Al ternati veARPTRIE®Subst rate may be dry etched using a plasma or reactive
ion etching. O i Gi Q@gﬁﬂﬁﬁing of the
substrat e, suchhg%(#ﬂﬁ&ﬁﬁgﬁgﬂ?gﬁggﬁﬁgﬁmﬁgggﬁggg5%§w9ion. Eventual |y the
phot or esi stcompositipmsitbat exiibits substantidliylittle hoowssongnvicanmetat enoved from
t he substrate.. Strigpin sobétion ar.e Hsed tgqunnvelaqg cIeaQ.the
substrate ?X'B'fygzﬁﬁ? gresmiReie A AR A edp! erhé'%ﬁﬁgt & PRIRAIVR the

or gani ¢ regf theprddant irvePtibA t& préRA® weslrippidgCOMBSHitsh Mdtlis t he stri pping
solution by, for exanple, inmersion or spray, for a tine and tenperature

suffic :c ent esgetiallye nodrfiaramablee monzgorropjiys tamelals Hwassiow epnadpss ofe ](c:an N
1- ' , ) . 1-30 .. .

|08 o ot AP Begbr BT By Bl e TR BEEG, "0t o

about 150CheRtif§ e rHdtier’dijettof 1A8 Bredeint ivettions 36 PGViaE steipdrl s are

determ ned by the equipnent, materials to be renoved and processing
envi r onmentcompesitiansdhahare free 0bbssiecompansgmtsgusbrgsodininasn of this

invention is particularly suitable for .mni heating.of. th ri ppi ng
conpositi off anlér'lmsﬁyg%quec%ﬁ‘%ﬁ¥9f°a‘¥%"?'aﬁf-e%&P” ﬁ{eﬁgj?’fercé'geeq‘iﬁ%onrrent S.

"0 7 JAN 2(fpdseritlinvditforf i8ltb Prbvitle EPSIEibpEEtHRX 8BR Iremovk!drogdipikede det ai | ed
illustrations of the nmethods of producing and utilizing the conpositions of
the present invention. These exanples are not intended to limt or restrict
the scope of the invention in any way and shoul d not be construed as

provi ding conditions, paranmeters or values which nust be utilized
exclusively in order to practice the present invention. Exanples Plurafac,

| conol and TetronicO are tradenmarks of BASF Corporation. 100 Cherry Hill
Road, Parsi ppany, New Jersey 07054 USA. Fluorad FC-171 and FC- 135 were

pur chased from 3M Conpany, 3M Center Building 223, St. Paul, M nnesota
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~ ? JAN 200 -12 Jersey 08876 USA), patterned and hard baked at 140C) 150C
or 160C, for 30 mnutes. The wafers were subnerged either in the stripping
fornmul ati on bath at .roomtenperature or in the stripping for ation bath
heated to 90C, and gentle agitation was applied. The time wa¥ hdANdlhen
the pattern was renoved fromthe wafers. The results are shown in Table 1.
EXAVMPLE 2 A formul ation with Plurafac®-RA-30 |inear al cohol al koxyl ate
surfactant (available commercially fromBASF) (1 w%, sulfolane (35 w%,
D water (4 %, and DPGVE (60 wt % was prepared. The solution was m xed
and eval U?lﬁﬂo%@ﬁdﬂ'mdé@ed BRoter&si stNftifoutredusaigtsrdsion lef thigsul ts are
shown in Table 1. EXAMPLE 3 A fornulation with Iconol TDA-9 surfactant (1
wt %, sul fropteliic sWsstiatey, DI water (4 w %, and DPGVE (60 wt % was
prepared. The solution was m xed and eval uated according to the procedure
in Exanple 1. The results are shown in Table 1. EXAMPLE 4 A fornul ation
w th Pl urogig of e fravehaph (1 W%, sulfolane (35 W%, D water (4
w %, and W% was prepared. The solution was m xed and eval uat ed
accor di ng The DReelpstoppingreempositiemal bielpresaet inkgatier cameriseewh in Tabl e 1.

a1 koxyl at LTRSS Weter s SRR o3 o Oahl RS, T 0p - sult o ane
(35 Wt 9, edripesition id frevtctamines aRf@es (el cotiitenstalicefnafasds. frha sol ution

was m xed and eval uated according to the procedure in Exanple 1. The
resul ts arRreéeregrembpodigsing of thecixupplien erstrigping eempasitipn furthelr af aco B- 26

linear alc . L rfac i ' £ BASF)
(01wt o9 - CSTPYETS RGN TRE (R oR A ek M et fiaRR eP Rt abert By e
prepar edl. foin¢he sembdvalrofwpecificardanicdnateriateafromn spatificsutgstiztes.ne procedure
' Bxamp eP%ﬁticularly preferred additives are tetrahydrothiophene 1,1-dioxide and

polar protic solvents and mixtures thereof.

Detailed Description of the Invention

The present invention discloses a non-corrosive stripper for
photoresists and organic residues comprising an organic solvent
composition and surfactant. The organic solvent should be miscible with
water, preferably have a flash point greater than about 37°C, be a polar
solvent, preferably have a boiling point greater than 60°C, and be
nitrogen-free. Examples of such solvents, but not limited to, are ethers,
acetates, lactones, sulfoxides, sulfones, carbonates or mixtures thereof.
Ethers, such as glycolalkyl ethers are prefered, for example
tripropyleneglycolmethylether (TPGME), dipropyleneglycolmethylether
(DPGME) and propyleneglycolmethylether (PGME). Lactones, such as
butyrolactone (BLO) are also preferred. Solvents that do not react or
decompose at temperatures to which the stripper might be heated, such
as 90°C, are also preferred; DPGME, TGME, PGME, BLO,
dimethylsulfoxide (DMSO) and mixtures thereof are examples of such
preferred solvents.

The surfactant in the novel stripper aids in the efficient removal of

the photoresist without corroding the metallic substrate, especially where



The results are shown in Table 1. EXAMPLE 7 A fornulation with PlurafacO
B-26 | i near al cohol al koxylate surfactant (available comercially from
BASF) (0.1wt% ) suffolane (37 wt%, DI water (1 wt%, and DPGVE (62 w %
was prepared. The solution was m xed and eval uated accordi ng 8@ JAN: 2003
procedure in Exanple 1. The results are shown in Table 1. EXAMPLE 8 A
formulation with PlurafacO B-26 |ined -al cohol al koxyl ate surfactant
(avail able commercially from BASF) (2% w %, sulfolane (33 %, D water
(8 W%, and DPGQVE (57 wt %9 was prepared. The solution was m xed and

eval uat ed tﬁé?@&@t R&s b@eﬁ*ﬁ%a@é@ﬁﬁﬁl\/’gmeh@eﬁéﬁ@@é udh aEWﬁ‘oE@IﬁW:ﬁé i@he shown in
Tabl e 1. 0 7 JAN formilation wth Plufafac B-26

| i near al omipdﬁntatndaummyhardabelslngmﬁempe(aiumsl inlexees® nfriddQ@IGI Mhef r om BASF) (2
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unexposed and pattern resiststill visible Exanpl e 73: 00 spot's
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vi si bl e. EXaOBt ShytendBxi doSpordplRnBBkite) aflaPofyetnyi8nd okidd. 2988

stripper of the present invention may contain single or mixtures of these
surfactants.

Optionally, it may be desirable to add other components to the
novel stripper. Such additives could be antifoaming agents, polar protic
solvents, suifoxide containing compounds, sulfone containing compounds,
amides, lactones, carbonates, salts or mixtures thereof. Although
nonionic surfactants have reduced foaming capacity, in certain uses of the
stripper it may be necessary to add antifoaming agents generally known
to be suitable for the appropriate nonionic surfactant. Other protic
solvents that may be incorporated into the stripper can be water,
glycerine, glycols, low molecular weight (C4-Ce¢) alcohols, etc. It was also
found that the compounds containing sulfoxide or sulfone groups when
added to the novel stripper can also assist in the effective removal of the
photoresist from the substrate; such compounds being, for example,
tetrahydrothiophene 1,1-dioxide(sulfolane), 2,5-dihydrothiophene 1,1-
dioxide(3-sulfolene), butadiene sulfone, and butane sulfone. Amides,
preferably heat stable amides, may also be added to the novel stripper,
an example of which is N,N-diethyl-3-methylbenzamide.



-16 EXAMPLE 10 A stripping formulation with PlurafacO B-26 |inear al cohol
al koxyl ate surfactant (available comercially from BASF) (27 W%,

sul folane (12wt.%, DI water (4 w%, and DPGQVE (57 wt% was prepared. The
sol ution was m xed and eval uated as follows. Several wafers vigiene3h@d
with 2.5 mcrons of AZO P4110 photoresist (available fromAZ El ectronic
Materials, Clariant Corporation, 70 Nekster Avenue, Sonerville, New Jersey
08876 USA), patterned and hard baked at 140C or 150C. Several more wafers
were coated with 6 m crons of AZO P4620 photoresist (available from AZO

El ectroni c Mat Somervil | e,
New Jer sey 088?@%@%& er ne@aﬁg&ﬂgt gﬂ% ré@g ?%ﬁgoé@grg%oc for 30
m nut es. Taumiwtfrercs a/\mleemma garfaefanhewhene theansduritmdisolvendr nul ati on bath

at roomtenperature path or in the stripping | aj i on bath heated to
90C, and déngesf @@@BWWW%{SW@&W@% %wwkﬁgomeéataﬁhen the pattern

was re”‘)"%rﬁ;ﬂSﬁl éﬁ‘ea Hel ogﬁte?frs‘iﬂéci tf%éﬁ%?é‘ﬁp@ox&rnﬂaéﬂl%v& hEXAVPLE 11 A

formul ation acO i near a co ate sur act ant
(avai | abl e%ctorabeut 38l Weight YoBAERDtal Edmpoitions LFPrbeérabb,/ theamboant, of DI wat er

Cval uat o0 HEIPAGEs Forabancsa Reidbt vh (eahng 55 veiote T ladlatel a0 shown
in Table 2., i ﬁaef&hau{}@émﬂfé&ém rghﬁé%%ﬁw %8&1%@{ ogl cohol

al koxyl ate surfactant (avarl e conmer ci al f rom BASF) sul f ol ane
(24 w9, IblabmnéowalgM%pfmedomwmqoBMImWawrg ﬂneeqemm@ The or ,SAN

2003 - 17 | ut | uat ed di t.h d i
o o 108 SR e R G o Y R RRT F  B AeRPRETo Fon 11
Pl uraf ac Befﬁéaby B?@fe \Fé?*&ﬂ#pp?ér‘fﬁ}‘é/ﬁwéh%g%ffé%i Wﬁes(&\ﬁidt@f@s?s@%mr cially
f r om BASF) sul f ol ane %, , DPGVE (83

W% was ppelymeed. es'mslailtylmeredhamtmlabdom&jrmammw heemdl ng to the
procedur e

Th | MPLE 14 A
oyt oleateth Bty e ot Sats it ehhestPietiohs i et ant
(avai | abl corumeryshot dah AAEARE udino Wi tid pSHbi RS GbaTecitin 1 vater (4

wt %, and DPGVE pr epar ed
stripper. The amount of additives in the novel stripper can range from
about 0.1 weight % to about 50 weight % of the total compaosition,
depending on the function of the additive.

The novel stripping compositions of the present invention are
effective in removing a wide range of positive photoresists, but are
particularly effective in removing photoresists comprising novolak resins
and naphthoquinone diazides, especially where the photoresist has been
baked at temperatures exceeding 140°C. The novel stripping composition
is also particularly desirable for removing any photoresists that are
sensitive to the presence of amines in the processing environment,
especially chemically amplified photoresists, for example, such as those
used for deep uv exposure, that is 180-260 nm. The deep uv photoresists
comprise capped alkali-soluble resins and photoactive compounds, such
as onium salts. Amines are known to deactivate these deep uv
photoresists. The stripping composition of the present invention is
particularly desirable since it does not contain any basic compounds.

Furthermore, the stripper of the present invention is also effective

in removing photosensitive and nonphotosensitive polyimide coatings and



sol ut,ion was m xed and eval uated according to the procedure in Exanple 10.
The results are shown in Table 2. EXAMPLE 15 A fornulation with Plurafac ~t
B-26 |inear al cohol al koxylate surfactant (available conmercially from
BASF) (14 wt%, sulfolane (11 w%, D water (4 w%, -and DOSVEIAN72003¢ %)
was prepared. The solution was m xed and eval uated according to the
procedure in Exanple 10. The results_gre shown in Table 2. EXAVMPLE 16 A
formulation with PlurafacO B-26 |inear al cohol al koxylate surfactant .
(avail able commercially fromBASF) (1 w%, sulfolane (12 ww%, D water (4

wt %, and DPGVE (83 % was .prepared., The ~ JAN 2003, -18 sol uti on was
m xed and Gean Gadteleebied o es T SHPOEas Br eEPIG TN e r eoul | <
are shown digcibabd f; ©.S. 5,@@3'@026% 8‘.9.%868”7%7? OTKé 8@fppef®s ARoC earTine to
ClearTine to ClearTine to Cear OCTi'me to d ear Room Tenp@ 90C@ 90C@

Room TenpAeftedbved0 semaxDgResidues depbsisd OnRhe SuhEDatsiencthei drynsAZ P46202. 5
m crons2.5 njcrons2.5 m,crons6 mn ct%&smoc &—éB‘G m cronst 40C, HB140C HB150C
YRR ET

HB150C HB(FCANGHIPEEeS: MG oMY B YIPRGTL LR SRR EED) Exanpl e

10>15 : 00 Jsérané Dol palymid Lt S AATraBRLAd iis500: 400: 3015: 00 not
cl ear 2: 305: 004; 154: O5Exanpl e 122: 35Exanpl e 132; 50Exanpl e 142; 400: 30 white

hazel5: 00 whi t eExamples: dGubstratasdoe whvicly e ravel strippes israpgtially

156: 450: 20&5:38 su%gg Iitels %\%%;ca'o?rol_s"?i/ei ot %I’S(a "i"r.k(r%tes"f1 afe \a/x\fuminum, nickel
iron, indium phosphide, titanium/tungsten, aluminum/silicon,
aluminum/silicon/copper, silicon, silicon oxide, silicon nitride, silicon
oxinitride, tantalum, copper, metal stacks, polysilicon, ceramics,
aluminum/copper mixtures; gallium arsenide and other such Group HI/V

compounds, plastic substrates, such as polycarbonate. Other substrates
known in the art may also be used.

The invention also comprises a process of removing the organic
material from the substrate using the stripping composition of the present
invention. Photoresist solutions, antireflective coatings, polyimide films,
etc, can be applied to a substrate by any conventional method used in the
art, including dipping, spraying, whirling and spin coating. When spin
coating, for example, the organic solution can be adjusted with respect to
the percentage of solids content in order to provide coating of the desired
thickness, given the type of spinning equipment utilized and the amount of
time allowed for the spinning process. The coatings produced by the
above described procedure are particularly suitable for application to
silicon wafers that have been metallized, such as are utilized in the
production of microprocessors and other miniaturized integrated circuit
components. The substrate may also comprise various polymeric resins
especially transparent polymers such as polyesters. The substrate may
have an adhesion promoted layer of a suitable composition such as one
containing hexa-alkyl disilazane.

Once the solution is coated onto the substrate, and the substrate is
temperature treated at from about 80°C to about 110°C for from about 30



~ r SAN ~00~ -20 Exanple 17 A stripping fornmulation with tridecyl al cohol

et hoxyl ate (lconol 0 TDA-9 surfactant avail able commercially from BASF) (8
Wt % and di propyl enegl ycol net hyl ether (DPGVE) (92 wt%_ was prepared. The
solution was m xed and eval uated as follows. Two wafers werechOInNd2008th 4
m crons of AZ P4110 photoresist (avai]able fromAZ Electronic Materials,

Cl ariant Corporation, 70 Meister Ave‘rﬁle, Sonerville, New Jersey 08876 USA),
patterned and one wafer was hard baked for 30 minutes at 140C and anot'her
waf er was hard baked at 90C for one mnute. The wafers were subnmerged in

t he stri pmetgntistoabatul 80 batimds on adwtiptateesrdbufronpabbwteld {ocatagutt at i on was
applied. The tinme was noted when the pattern was renoved fromthe wafers. A

vaf er was 4bminidesin g conyeetigheven. AR temperalyie trealieeat issalestedbl e from AZ

~t El ectraqpi ' ' ' ' I ue,

Somer vi | | gH oﬁ%%éﬁe‘?@%é&%@ﬁtﬁ%at% te?#éﬁpg%lggﬂgsgqhgﬁe YIQ 90C for one
m nut e. Thehileahet cavrsing sbibstagial thermaledegradatiomglf gemerdahbheridsiaeh at 60C

and gentle agitation was a ' The tine was noted when the pattern was

| d. h
Femoved f nBMNBIZRANG CoNCeREatQof salvants andis thiSTHB) EMperBikRy ¢ 18 A

strippin | | | | % and

tri dggyl gIﬂ(ﬁ:o tﬁé’nﬁig%qﬂac%tgd ?h@%‘%wﬁdr g&%@eﬁ%ﬁeﬁ%lg commercially

f r om BASF)eva@ponated leagingreepaatand. I agrefdrred embodinenttbd temgerataraiat ed
according to the procedure in le 17. The results are shown in Table 3.
0 7 JAN gdéé"’f‘gﬂcpeéxaaﬁfﬂ"@ %”h%ﬂ%ﬁpﬂﬁt ?%&nuf'a? ¥r8ﬁ§’RF'E‘*t1'Sbutyrol act one
(BLO (92 9 dl ; fact ant
avai l abl e %%ngurecfécng{]{lvﬁ?%%ASE; gﬁ géfwt @ér&ggmgﬁ’gg‘g%dgﬁ#ﬁée’ggﬁgt i on was

m xed and iesignificantl dAbedentipepture ahd tipreoseldatien dapéxdsphdéhd7. The results

D1 opy! ene PRI PRBHIEE QaSERE) by 2 HERPSIHRlr BF LABKTANAR) 27 hoxy! at o
 Sonrey. ‘RelalySbert iaigies AMFLSah lpitan Sl L) et
i n Exanpl eexpbsed to actinic radiation, especially ultraviolet radiation, at a

wavelength of from about 180 nm to about 450 nm, x-ray, electron beam,

ion beam or laser radiation, in any desired pattern, produced by use of

suitable masks, negatives, stencils, templates, etc.

The photoresist is then optionally subjected to a post exposure

second baking or heat treatment either before or after development. The

heating temperatures may range from about 80°C to about 170°C, more

preferably from about 110°C to about 150°C. The heating may be

conducted for from about 10 seconds to about 30 minutes, more

preferably from about 45 seconds to about 90 seconds on a hot plate or

about 10 to about 30 minutes by convection oven.

The exposed photoresist-coated substrates are developed to

remove the imagewise exposed, non-image areas by spray developing

using an alkaline developing solution. The solution is preferably agitated,

for example, by nitrogen burst agitation. The substrates are allowed to

remain in the developer until all, or substantially all, of the photoresist

coating has dissolved from the exposed areas. Developers may include

aqueous solutions of ammonium or alkali metal hydroxides. One

preferred hydroxide is tetramethyl ammonium hydroxide. A suitable



The results are shown in Table 3. Exanple 21 A stripping formulation with
tripropyl enegl ycol met hyl ether (TPGVE) (92 wt% and tridecyl al cohol

‘et hoxyl ate (Iconol 0. TDA-9 surfactant avail able commercially from BASF) (8
wt % was prepared. The solution was m xed and eval uat ed acc%r-,diJgg égﬁ?the
procedure in Exanple 17. The results are shown in Table 3. 0 J 2003
-22 Table 3 ExanpleC earing tine for_qloe_ari ng time forClearing tine
forstripper at RTstripper at 60Cstripper at RTand hard bake atand hard bake
atand hard bake at90C for 1 mn.90C for 1 m n.140C for

30(seconds) (seconds) m n. ] ]
(seconds) 1&%@(@%0§8‘5@§§@M@O@@Q@QB%@@Y@UEQW@W”WW@ theom

¢ ¢ gty e . : . hol
et hovy! a A PEREROe Marprile, SRl o ChBhi EBrbralloh SORRNIRS "0 P base) (s
w9, t et rewdiepsdy)oRitareemolatibioheddatediWafdra fom (Rt devdppmyd DPGVE (58
wt9% was prepared. The solution was m xed and evaluated as foll ows. Two

waf ers wer%olgliRn, cnasingl cendiel hepienalpost-deyelonpiant &sattregoant abl e from

AZO El ectr t.erl , A ' ' ; e,

Somer vi | | e%w éﬁéte?s%éggé%%gﬁ?g a%{e‘tg gﬁ%’?gﬂﬁ%@ﬁ% 5‘%@?3%5 ard baked
for 30 m natetshing sth@foranghdoticheubshees WIheyst-degkpnedntHeatf or one

m nutes. The wafers were subnmerged in the stripping fornul ation bath at

room t enpefeatment £a6 ceamrise thgiqaven kakingsf Kiateating antksubsitalkas not ed when
LS Do SRR R LA oL Fe s E I Ratgt ST 1 ToE e ¢
et hoxyl at ep4rticolaolyOn TihE\ntaradiadtat afivhicocirdudtoy enite omesilicon/silicdm om BASF) (8
W, TPG\EO&%%—type substrates, the developed substrates may be treated with a

buffered, hydrofluoric acid base etching solution. Alternatively the

substrate may be dry etched using a plasma or reactive ion etching.

Other known techniques may be used for processing of the substrate,

such as ion implantation or metal deposition.

Eventually the photoresist or organic residues left from processing

must be removed from the substrate. Stripping solutions are used to

remove and clean the substrate of organic residues and photoresist. The

substrate with the organic residues that are to be removed are contacted

with the stripping solution by, for example, immersion or spray, for a time

and temperature sufficient to cause complete removal. Typically the

stripping time can range from about 1-60 minutes, preferably 1-30 minutes

and more preferably 1-15 minutes, and the stripping temperature can

range from about 20°C to about 150°C, preferably 20°C to 100°C. The

exact processing details are determined by the equipment, materials to be

removed and processing environment. The novel non-corrossive:

stripping composition of this invention is particularly suitable for minimal

heating of the stripping composition and also particularly desirable for

amine-free environments.



wt % .and sul folane (34 W% was prepared. The solution was m xed and

eval uated according to the procedure in Exanple 22. The results are shown
'n Table 4. Exanple .24 A stripping formulation with DVSO (58 wt %)

sul fol ane (34 wt% and tridecyl al cohol ethoxylate (Iconol 0 TPA-JAN@Bact ant
avai l able commercially fromBASF) (8 wt% was prepared. The solution was

m xed and eval uated according to theqgrocedure in Exanple 22. The results
are shown in Table 4. Exanple 25 A stripping formulation with BLO (58 w%,
DPGVE (34 wt% and tridecyl al cohol ethoxylate (1conol 0 TDA-9 surfactant

m xed and oval e gking SPRGACskemBidh h AR ERNETIERBYORS E O UD

are shown thg niéthbés 4f pFé’cﬂdegfaa_G uliligihgitheicompositiansasfitae preésdntPGVE (58
w %, sulfolane (34 wt% and tridecyl al cohol ethoxylate ﬁ%onol 0 TDA-9

sur f act antinggatigrableeg axameles arg nat infepdetfo limitgrogestiict the 8¢RRLd. The

sol ution I I ' @ in Exanpl e 22.
The resul ;’Qﬁggé S éi&ﬁqp% am&gq%%%@g&gt%#%@%@%@% gb27 A rsr!t:)ri ppi ng
f or mul at i cgonditidnsPipatdmeéteds of Yaluebuwiisidh emest del dtiized EXélusividly ind

tridecyl al cohol ethoxylate (l1conol TDA-9 surfactant
order to practice the present invention.

Examples
Plurafac®, Iconol® and Tetronic® are trademarks of BASF Corporation.

100 Cherry Hill Road, Parsippany, New Jersey 07054 USA.

Fluorad FC-171 and FC-135 were purchased-from 3M Company, 3M
Center Building 223, St. Paul, Minnesota 55144 USA.

Surfynol® is a trademark of Air Products and Chemical Co., 7201
Hamilton Boulevard, Allentown, Pennsylvania 18195 USA.

Emery 6706 was purchased from Henkel Corporation, 5051 Estecreek
Drive, Cincinnati, Ohio 45232 USA.

Noigen EP-120A was purchased from Dai-lchi Kogyo Seiyaku Co., Ltd.,
7F. Shin Kyoto Center Building, Karasuma Nishiiru, Shiokojidori,
Shimogyo-ku, Kyoto, KYO 600, Japan.

EXAMPLE 1

A formulation with Plurafac® B-26 linear alcohol alkoxylate
surfactant (available commercially from BASF) (1 wt%), sulfolane (35
wt%), deionized (D) water (4 wt%), and DPGME (60 wt%) was prepared.
The solution was mixed and evaluated as follows.

Several wafers were coated with 2.5 microns of AZ® P4110
photoresist (available from AZ® Electronic Materials, Clariant
Corporation, 70 Meister Avenue, Somerville, New Jersey 08876 USA),
patterned and hard baked at 140°C. Several more wafers were coated
with 4 microns of AZ® P4330 photoresist (available from AZ® Electronic

Materials, Clariant Corporation, 70 Meister Avenue, Somerville, New



avail able commercially fromBASF) (8 wt% was prepared. The solution was
m xed and eval uated according to the procedure in Exanple 22. The results
are shown in Table 4 Exanple 28 A stripping fornulation wth DPGVE (58
W%, tetranethylene sulfoxide (34 w% and tridecyl al cohol0 &uAdK 0%t e
(Iconol O TDA-9 surfactant available cogmercially from BASF) (8 wt% was
prepared. The sol ution was m xed and Téval uat ed accor di ng to the procedure
in Exanple 22. The results are shown in Table 4. Exanple 29 A stripping
formul ation with DPGVE (58 W%, butane sulfolane (34 wt% and

tridecyl al Jorbey 08870 XI8A), patternwaoatd hbrd Balsad &at4GAQ, 1BH0ACIablgO°Comer ci al |y
fromBASF) (8 wt9% was_prepared. The solution was m xed and eval uat ed
accor di ng fob3Preinptase ehive wafersmergmubmergedieithes 1iNesstaPRINGhown in Tabl e 4

Ex le 3 +.RR le 2t 1 i : thyl eth
rcetate (o8 mAFLRHA ot L5 anb8fllte o M REUBOARG EiniAslioBATDL IV | Conl
TDA-9 sur freedtedtto 308C) amd gentienagitation wasfappiieBAIHe firdewdd notesl pr epar ed.

The solution was m xed and eval uat ed %ccordi ng to the procedure in Exanple
22. The re¥len epattarnowas remeyed om the Waferg AN 2003 - 25 Exanple 31 A

stripping for %y@&éwérgdﬁqowno'ﬁyf%@ 19l ycol nonobutyl ether (58 wt%)
an ecyl al coho

sul fol ane (34 tri ét hoxyl ate (Iconol O TDA-9 surfactant
avai l abl e commercially fromBASF) (8 wt% was prepared. The solution was

m xed and eval uated according to theM)r ocedure in Exanple 22. The results
are shown in Table 4 Exanple 32 EXAMPLE 2

A formulation with Plurafac® RA-30 linear alcohol alkoxylate
surfactant (available commercially from BASF) (1 wt%), sulfolane (35
wit%), DI water (4 wt%), and DPGME (60 wt%) was prepared. The
solution was mixed and evaluated according to the procedure in Example
1.

The resuits are shown in Table 1.

EXAMPLE 3
A formulation with Iconol® TDA-9 surfactant (1 wt%), sulfolane (35
wt%), DI water (4 wt%), and DPGME (60 wt%) was prepared. The
solution was mixed and evaluated according to the procedure in Example
1.
The results are shown in Table 1.

EXAMPLE 4
A formulation with Pluronic® L-92 surfactant (1 wt%), sulfolane (35
wt%), DI water (4 wt%), and DPGME (60 wt%) was prepared. The
solution was mixed and evaluated according to the procedure in Example
1.

The results are shown in Table 1.



A stripping fornmulation with dipropylene glycol (58 wt%, sulfolane (34

w % and tridecyl al.cohol ethoxylate (lIconol0 TDA-9 surfactant avail able
comercially fromBASF) (8 wt% was prepared. The solution was m xed and
eval uated according to the procedure in Exanple 22. The resul 0 dAN @bwn
in Table 4. Exanple 33 A stripping formulation with diethyl carbonate (58
w %, sulfolane (34 wt% and tridecyldlcohol ethoxylate (lconol0 TDA-9
surfactant available comercially fromBASF) (8 wt% was prepared. The
solution was m xed and eval uated according to the procedure in Exanple 22.
The results are shown in Table 4.pgappkEes 34 A stripping fornmulation with
DPGVE (58 wt %, sulfolane (34 ww% and Emery 6706 surfactant (avail abl e
comerci al |y f rfoforietatizin With Phurafac® B-28 line&f) alcakolpalkpeylatd  The sol ution
was m xed and eval uat.ed according,tgo th I d in a 22. The
resul ts arsé'rfgﬁlﬁﬁi (@ypi ﬁo'ﬁ'merc'g"??r\?ﬂhlgﬁgﬁg??ﬂag/‘gxﬁﬂlﬁ&é”gg&g\ stri pping
formul ati Qoam @/@1 el ) igen EP- 120A
surf act an'(t.m ngylcgﬁ e cg\ﬁn?’rog}rl\%'?gﬂ y f%ﬁegﬁaégﬁ?%?ﬁ%%%egéwgﬁu) (8 wt% was
pr epar ed. sthdicsovas mixedvasd evaketed dcewdingatocthegqurooediunegntoxanhglepr ocedur e
in Exarrple1 22. The results are shown in Table 4. Exanple 36

The results are shown in Table 1.

EXAMPLE 6
A formulation with Plurafac® B-26 linear aicohol alkoxylate
surfactant (available commercially from BASF) (0.1 wt%), sulfolane (36
wt%), DIl water (8 wt%), and DPGME (56 wt%) was prepared. The

solution was mixed and evaluated according to the procedure in Example
1.

The results are shown in Table 1.

EXAMPLE 7
A formulation with Plurafac® B-26 linear alcohol alkoxylate
surfactant (available commercially from BASF) (0.1wt%), sulfolane (37
wt%), DI water (1 wt%), and DPGME (62 wt%) was prepared. The

solution was mixed and evaluated according to the procedure in Example
1.

The results are shown in Table 1.

EXAMPLE 8
A formulation with Plurafac® B-26 linear alcohol alkoxylate
surfactant (available commercially from BASF) (2% wt%), sulfolane (33
wt%), DI water (8 wi%), and DPGME (57 wt%) was prepared. The
solution was mixed and evaluated according to the procedure in Example
1.

The results are shown in Table 1.



A stripping formulation with DPGVE (58 wt 9%, sulfolane (34 wt9% and FC 171
sur fact ant (avai | able commercially from 3M Corporation) (8 w% was
~prepared. The solutton was m xed and eval uated according to the procedure
in Exanpl e 22. The results are shown in Table 4 Exanpl e 37 ADst JANp20Ady
formulation with DPGVE (58 wt %, sulfolane (34 wt% and Surfynol 440
surfactant (available comercially f+m Air Products and Chenical Co.) (8
wt % was prepared. The solution was m xed and eval uated according to the
procedure in Exanple 22. The results are shown in Table 4. Exanple 38 A
stripping fornmulation wwth DPGVE (58 Wt %, sulfolane (34 % and Tetronic
701 surfactant avail able commercially fromBASF) (8 wt% was prepared. The
sol ution was mi xed and eval uat ed EXAMPHE®) to the procedure in Exanple 22.

The results ar n T rmul ation with
DPGVE ?g8 \?vt % %‘fZ’ iﬁ?ﬂé”'?kli?%%%ﬁgiiﬁ%%élééﬁélact ét%avai I albl e "
commer ci akhbfaéfaﬂmé)%}\ﬂllgﬁfeoé’érﬂme@élhll)( from BABFI 2 08%); flfolalié (3@s prepar ed.
The sol ution was eval uated according to thedpr_Pcedure i n Exanpl e

22. The redWl)t Bl waterdfoms), anddHPGME (G wi) waécprepare
solution was mixed and evaluated according to the procedure in Example

1.
The results are shown in Table 1.



A stripping formulation with DPGVE (58 wt %, sulfolane (34 wt% and | conol
TDA 9 and Pluronic RA 30 surfactants (avail able commercially from BASF) (8
Wt % was prepared. The solution was m xed and eval uated according to the
procedure in Exanple 22. The results are shown in Tabl-e 4. Ex@fJAN 4003A
stripping fornmulation with DPGVE (58 w /g sul folane (34 w% and

pol yet hyl ene oxi de surfactant (availabl®>comercially fromA drich Co.) (8
wt % was prepared. The solution was m xed and eval uated according to the
procedure in Exanple 22. The results are shown in Table 4. Exanple 42(218)

A stripping foer-ation—pi-t-h-Dk -08—st-0/ £34 % and
ammoni um [ auryl sul fate gurfag¢tant {(8 W 9| _was %rep red. |The sol uti on was
m xed and evlal uat ed accorngi ng|&o the prbce@,ure igh E{anplg 2P. The results
are shown in Table 4 Exanflle 48 A grlpfﬁn f or|&ul atli ofgvii t h DPGVE (58
w %, sulfoljane (34 wt% |and [Dgwfa 22A0|3YF actj@ant (javesljable commercially
from Dow Corlporation) (8|&t% |®as epa d._g Thgssol yti pf fwag m xed and
eval uated acgprding to the prg)ﬁedu 8 i n|&&ml 522. |Thesrlesults are shown
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Exampl eCl earing tinme for stripper at RT and hard bake at 90C for 1 mn.
(seconds)Cl earing tinme for stripper at RT and hard bake at 140C for 30 m n,
(seconds) 22451502310527024601202545, with spots on wafer124, with spots on
waf er 2660, with spots on wafer70, with spots on 07 JAN 2003

waf er 2715030028600+ 29600+600+30600+31400600+32180600+33600+- - - 3420040035
300600+3612012037600+- - - 38600+- - - 3993600+4090600+

, 4190600+42600+- - - 43540600 D ~' JAN 2003 -29 Exanple 44 A stripping -
formulation with PlurafacO B-26 |inear al cohol al koxylate surfactant

(avail able comercially from BASMQL\E:Q& sul folane (17 wt%, and DPGQVE
(75 wt9% was prepared. The sol utt ed and evaluated as follows. A

uaf or vas coat e tiidind (S8R GlinIRER4GD B pBYREPSIcEhof avai | abl e from AZ

El ectronic Materi ariant Corporation, 70 Meister Avenue, Sonerville,
New Jer seyalR@Bﬂ@teLﬁmjactaratt(aealﬂmﬂe @nmmmcdalltyaﬂimﬂ B‘kﬁF)S(@?nw%) es at 140C. The

waf er was subme i B\t pi for room.tenperature
and gentle"ggﬁlﬁ'?ﬂgfm Biﬁﬂ‘ﬁtt @W{%’g)e [@"’@i}@@&%ﬁ’& "M‘@?Qﬁ@ [)%1 tern was
removed fryme k8t VRISmixERamEsvhlLata & [dIews. i n Tabl e 5. The corrosion
studies were run by heating the stripping formulation bath to 90C and

subrer gi ng one Several wafars averg/opated Wb . amicronstfAZRE 4100 th a A/ Si/ Cu
surface half wa Al rds.t and,dry wafers were
eval uat ed M‘)Ptebq\%é%’r}?ﬁ@ qtﬂ%tf A%Eﬁéa%fﬁ@l%ﬂ%ﬁ?ﬂ@g d 158 ¢ i gn The results
showed no tri in
formul ati oﬁel\rgd?ﬁt@?ura céQEAxgﬁlﬂ% %@Egﬁlé@dﬁw g?ﬁggy(fsat e sur acltognt J
(avai | abl epatterned @nal hardfbakedBtIHO°CONVESA’C. steverbbmerd Mafersderedei onzi ed
D) water (4 %,, .and DP 7 0 The sol uti m xed and
faval) uat ed %é%s&ndv%emcw\é%?&é?www*éaw%% s are shown
in Table 5EleE%nF<9M"afb°rié?§ ClaHaheeHRBIENT PMIIRBE AIENLECSSEhRAST bath o

90C and subnerging one wafer wth a surface and another wafer with a
Al/Si/Cu sNBWaJmse)aDBBKﬁyJSAn) patietnechandhaed hakets at h40%G as @80 hfordry waf er

0 7 .1AN 2003 .- ted b th ged and b d
Dortion TG inUfhsy e RIS Wt P BRITERE Slfel Fr ik gIPERE oo s acas. Brnant e
46 A stri pfarﬁmuétwmwtﬁtawaomtbmp%ratr@é dator ?rpthblsm .nglféﬂh@mlauahkoxyl ate

surtactant (available commercially from BASF) (8 , sulfolane (16 W%,
DI water (hathtbeatedrna m@mnﬂemlmﬁ@nm@mﬂ@d ﬂf@enmlem/asm was m xed

and eval uated ACEOl 0h08:h 8 Igs PLRESErl PoiaIRLe 44 The results are

The results are shown in Table 2.

EXAMPLE 11

A formulation with Plurafac® B-26 linear alcohol alkoxylate

surfactant (available commercially from BASF) (14 wt%), sulfolane (24
wt%), DI water (4 wt%), and DPGME (58 wt%) was prepared. The
solution was mixed and evaluated according to the procedure in Example
10.

The results are shown in Table 2.

EXAMPLE 12

A formulation with Plurafac® B-26 linear alcohol alkoxylate

surfactant (available commercially from BASF) (1 wt%), sulfolane (24
wt%), DI water (4 wt%), and DPGME (71 wt%) was prepared. The



The corrosion studies were run by heating the stripper bath to 90C and

subnergi ng one wafer with a Ti/Wsurface and another wafer with a AlI/Si/Cu

Surface half way in.the bath. Afterwards the rinsed and dry wafer was

eval uated by conparing the subnmerged and unsubmnerged porti ong T‘r results

showed no corrosion on either of the surfaces. Exanple 47 A ? Aﬁtzﬁﬁ

formulation with tridecyl al cohol et hq)yyl ate (lconol 0O TDA-9 surfactant

avai |l able commercially fromBASF) (8 wt%, sulfolane (16 ww%, D water (4
wt% , and DPGQVE (72 wt% was prepared. The solution was m xed and eval uat ed

according t the roceduyre ;in e 44 Teresult are own in Table 5.
The cor 1 oSaial WHF Suxed ABd YA SR @aePiing Hothes PiosRaH i BATIPG0C and
subner gi ng1I @ne vvafer with a Ti/Wsurface and another wafer with a Al/Si/Cu
surface half way in the bath. Afterwards the rinsed and dry wafer was
eval uat ed by coftparaesultstdre sholwmeingiabl@®d unsubnerged portion. The results

showed no corrosion on either of the surfaces. -31 Exanple 48 0 ? JAN
2003 A stripping fornulation with tridecylal cohol ethoxylate (IconolO

TDA- 10 surfactant available co pl ¢ {4 om BASF) (8 wt %, sulfolane (16
w%, DI water (4 W%, and DP was prepared. The solution was
m xed and eval vafehuation dithPlucafac® B}Q6dmﬂarelaurnoEaMwylatel4 The results
are shown in_ Table 5. Q{{]e corrosion studies_ were s%y heating the
stripper butfactantdgvailahle commergially ferm WQUM@ guitlanedieiice and

anot herwage'Divhfbrd4 Wisy, ol DB eﬁn@;@sﬁﬁ!%) Way E'rét?]er'@e idisoltibar war ds the

rinsed and ry wat'er was ‘eva conmparin subner ge
unsubrmer ge\daspunxeaband ‘Bvaluated bteordingedtherooedursi inrExampiettter of t he

surf aces. 49 for Iatlom[ﬁvgl Pl uronic L-64 surfactant (avail able
cormermallyf Ns\A?'6l%ane (16 w%, D water (4 w%, and

DPGVE (72 wt% was prepar ed The solution was m xed and eval uated accordi ng
to the procedure in Exanple 44. The results are shown in Table 5. The
corrosion studies were run by hez{iMPILEehttri pper bath to 90C and

subner gi ng one fer

and anot her waf with a Al/Si/Cu
surface hal f wa Pﬁ“‘t‘l\l\go'ﬁé{‘f”ﬁ ?%Pé%agg‘% lingar 3l alkxy 9 waf er was
eval uat ed QY#&&QH@(@VB%E!QQ:&MH%Qﬁﬂfr&ﬂchQF}JPI”@{%?%deé)(B The results
showed no corrosion on either of the surfaces. le 50 A fornul ation
wi th Pl ur owt%), LDI9&a©u|(4a¢'t/cénanq BDRGMENS8 Wor)nmas:paepqreﬂr OMeBASF) (8 wt %))
sul fol ane §]1ut|on %ds mlxe\éaanc{ e\geﬁug\fe@ according to the procedure in Example
10.

The results are shown in Table 2.

EXAMPLE 15

A formulation with Plurafac® B-26 linear alcohol alkoxylate

surfactant (available commercially from BASF) (14 wt%), sulfolane (11
wt%), DI water (4 wt%), and DPGME (71 wt%) was prepared. The
solution was mixed and evaluated according to the procedure in Example
10.

The resuits are shown in Table 2.

EXAMPLE 16

A formulation with Plurafac® B-26 linear alcohol alkoxylate
surfactant (available commercially from BASF) (1 wt%), sulfolane (12
wt%), D1 water (4 wt%), and DPGME (83 wt%) was prepared. The



and DPGVE (72 wt% was prepared. The solution was m xed and eval uat ed
according to the procedure in Exanple 44. The results are shown in Table 5.
'0 7 JAN 2003 -'32 The corrosion studies were run by heating the stripper
bath to 90C and subnergi ng one wafer with a Ti/Wsurface and ﬂéﬂefﬂ fer
with a AI/Si/Cu surface half way in the bath. Afterwards the™ri d d dry
waf er was eval uated by conparing theqgubmerged and unsubnerged portion. The
results showed no corrosion on either of the surfaces. Exanple 51 A
formulation with PlurafacO B-26 surfactant (avail able comercially from

BASF 8 wt 9%, | ol 6 72 Wm0
was )prf-:-par '°ﬂs1§a§gn'g$$@§?é V\ﬁ'ﬁt?‘é% W '@%&ﬁ@&%@ﬁ‘@r@i %Vgeg he g

procedure 4g) Exanple 44. The results are shown in Table 5. The corrosion
studies were run by heating the stripper bath to 90C and subnergi ng one
waf er with a TiTW msultsareahdwanntTeble Bafer with a Al/Si/Cu surface half
way in the bath. Afterwards the rinsed and dry wafer was eval uated by
conparing the subnmerged and unsubmerged portion. The results showed no
corrosion on either of the surfaces. Exanple 52 A formulation with

Pl urafacO B-26 surfactant (available commercially from BASF) (8 wt%,

sul folane (16 wt%, propylene glycol (4 wt%, and DPGVE (72 W% was
prepared. The solution was m xed and eval uated according to the procedure
in Exanple 44. The results are shown in Table 5. The corrosion studies were
run by heating the stripper bath to 90C and subnergi ng one wafer with a
Ti/Wsurface and another wafer wwth a Al/Si/Cu surface half way in the
bath. Afterwards the rinsed and dry wafer was eval uated by conparing the
subnerged and unsubnerged portion. The results showed no corrosion on
either of the surfaces. r



-33 0 7 JAN 20D3 Exanple 53 A fornmulation with Plurafac B-26 surfactant
{avai l able commercially fromBASF) (7 ww%, sulfolane (15 %, D water (4
wt%, N, Ndiethyl-3-nethylbenzamde (7 wt% and DPGVE (72 WMt % was
prepared. The solution was m xed and eval uated according tq7? Qancp@gedure
in Exanple 44. The results are shown ip,Table 5. The corrosion studies were
run by heating the stripper bath to 90C and submergi ng one wafer with a
Ti/Wsurface and another wafer with a AI/Si/Cu surface half way in the
bath. Afterwards the rinsed and dry wafer was eval uated by conparing the
subner ged anpgUTSTOTETgET PPrUT O[T THe esut 15 Sh V\E‘P_NO corrosion on
either of the surfaces. Table 5 Exanpl e earilgg tiimegl for stripper at RT and
hard bake at|@40C for 30 m np. o

(m nut es: secdgds) 446: 50453: b5463 00473: 004B3: 3049:&: 455(03: 00518: 00527: 05535:
05 07 JA%ZOD&-BA&I&& s 1.| An amine-freg éri pjpi mg conposition

especi al |y upef ul S 06 r=mdving of gani c fes| dy®s-Jfom a|coated substrate
used in the f%b{,l t190r9015" Jtegfated cijrcui g c_p_orksi Stijng essentially of an

o
adm xture of @ golfgoni (Ssurfagtaht gworfe or| myre glycol ethers,
said one or -5 b'n" d-fef-et—t+am-5aHd one or nore
noni oni ¢ surfactants, water |and >ulfol aée. 2. The|stfippi ng conposition

according tojelaiml, wherejthe glycol gthpr |is selected from

tripropyl enefBycol al kyl et het, di propyl erjeg| yqol al kyl pt jer,

propyl enegl y@®Il al kyl et her, @r m xtures tlhefreqf® 3. The|stripping
conposition abcordl ng to cI aim 1] where [the rﬂxture pDf |gl ycol ether and
sul folane is Tn& hg pange from about 99.19 peijght 9otp gbout 70 weight % of
the total con® tgon: . The st1ipping comésl tign aAcdording to claim1,
where the no 0@ o"sé’rfactarb isiselectgd frd@ al Kexyl dt es,

et hyl eneoxi d.5§ I e_fneJ| dempol ):ﬁers, gcetyl aﬁl c ﬁl colol s, pol yet hyl ene
gl ycol rmnop‘.eﬁ“1 ether—or—dres—thereot—5—H t-+i ppi hg conposition
according tojg m 1, where|the ngnl oni g sgrfactant s lin the range from
about 0.1 wel8hts %to about |30 weBght %lof |the totlal | cdnposition. 6. The
stripping comgosd tSork agcaru ng tg claim 1) where ithe ter is deionized
water. 7. Th;wstglﬁ eﬁr gonppqsmi ﬁﬁ accor/dimg fto cliaim 1 where the substrate
i's sel ecteg goms gr’g)ug rJSI stijgg of al um num Hl ckell iron, indium
phosphi de, i|liFa® usl taingster, al um nunt sfi | i{ can, aljum| nunt si I'i con/ copper,
silicon, s@glifcon oxide, si Ilcon rltrlde% sifl rjcon qX| Itiride, tantalum

copper, negs | st acks, polysi|licon, ceranjics$, jalum nuwi clopper m xtures and
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r -35 p 7 JAN 2003 8. The stripper conmposition according to claim1l where
the organic residue to be renoved is selected froma group consisting of
novol ak resins,  novel ak/ di azonapht hoqui none photoresists, chenically
anplified photoresists, polyimnides, polyinide/photoactive co@ibJyAN 2003
photoresists, organic antireflective coatings and dry etching residues. 9.
A process of removing an organic resipgue froma coated substrate conprising
contacting the organic residue with an effective anmount of stripper
conposition fromclaim1l for an effective period of tine and tenperature,

and renoving the residue fromthe_subsirate. 10. The stripping conposition
according to claim1, wherein saig8 ether is
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The results are shown in Table 3.
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Example 19
A stripping formulation with butyrolactone (BLO) (92 wt%) and
tridecylalcohol ethoxylate (iconol® TDA-9 surfactant available
commercially from BASF) (8 wt%) was prepared. The solution was mixed
and evaluated according to the procedure in Example 17.
The results are shown in Table 3.

Example 20
A stripping formulation with propyleneglycolmethyiether (PGME)
(92 wt%) and tridecylalcohol ethoxylate (Iconol® TDA-9 surfactant
available commercially from BASF) (8 wt%) was prepared. The solution
was mixed and evaluated according to the procedure in Example 17.

The results are shown in Table 3.

Example 21
A stripping formulation with tripropyleneglycoimethylether (TPGME)
(92 wt%) and tridecylalcohol ethoxylate (lconol® TDA-9 surfactant
available commercially from BASF) (8 wt%) was prepared. The solution
was mixed and evaluated according to the procedure in Example 17.
The results are shown in Table 3.
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Example | Clearing time for Cleanng tlme for | Clearing time for |
stripper at RT stripper at 60°C stripper at RT
and hard bake at | and hard bake at | and hard bake at
90°C for 1 min. 90°C for 1 min. 140°C for 30
(seconds) (seconds) min. (seconds)

17 180 60 90

18 90 45 90

19 30 20 30

20 60 30 60

21 330 60 600+

RT is room temperature.
Example 22

A stripping formulation with tridecylalcohol ethoxylate (lconol®
TDA-9 surfactant available commercially from BASF) (8 wt%),
tetrahydrothiophene 1,1-dioxide (sulfolane) (34 wt%) and DPGME (58
wt%) was prepared. The solution was mixed and evaluated as follows.

Two wafers were coated with 4 microns of AZ® P4110 photoresist
(available from AZ® Electronic Materials, Clariant Corporation, 70 Meister
Avenue, Somerville, New Jersey 08876 USA), patterned and one wafer
was hard baked for 30 minutes at 140°C and another wafer was hard
baked at 90°C for one minutes. The wafers were submerged in the
stripping formulation bath at room temperature and gentle agitation was
applied. The time was noted when the pattern was removed from the
wafers.

The results are shown in Table 4.
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Example 23
A stripping formulation with tridecylalcoho! ethoxylate (lconol®

TDA-9 surfactant available commercially from BASF) (8 wt%), TPGME (58

wt%) and sulfolane (34 wt%) was prepared. The solution was mixed and

evaluated according to the procedure in Example 22.

The results are shown in Table 4.

Example 24
A stripping formulation with DMSO (58 wt%), sulfolane (34 wt%)

and tridecylalcohol ethoxylate (lconol® TDA-9 surfactant available
commercially from BASF) (8 wt%) was prepared. The solution was mixed
and evaluated according to the procedure in Example 22.

The results are shown in Table 4.

Example 25
A stripping formulation with BLO (58 wt%), DPGME (34 wt%) and

tridecylalcohol ethoxylate (Iconol® TDA-9 surfactant available
commerciaily from BASF) (8 wt%) was prepared. The solution was mixed
and evaluated according to the procedure in Example 22.

The results are shown in Table 4.

Example 26
A stripping formulation with PGME (58 wt%), sulfolane (34 wt%)

and tridecylalcohol ethoxylate (lconol® TDA-9 surfactant available
commercially from BASF) (8 wt%) was prepared. The solution was mixed
and evaluated according to the procedure in Example 22.

The results are shown in Table 4.
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and evaluated according to the procedure in Example 22.

The results are shown in Table 4.

Example 30
A stripping formulation with dipropylene glycol monomethyl ether

acetate (58 wt%), sulfolane (34 wt%) and tridecylalcohol ethoxylate
(lconol® TDA-9 surfactant available commercially from BASF) (8 wt%)
was prepared. The solution was mixed and evaluated according to the
procedure in Example 22.

The results are shown in Table 4.
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Example 31
A stripping formulation with dipropylene glycol monobuty! ether (58

wt%), sulfolane (34 wt%) and tridecylalcohol ethoxylate (lconol® TDA-9

surfactant available commercially from BASF) (8 wt%) was prepared. The

solution was mixed and evaluated according to the procedure in Example

22,

The resuits are shown in Table 4.

Example 32
A stripping formulation with dipropylene glycol (568 wt%), sulfolane
(34 wt%) and tridecylalcohol ethoxylate (lconol® TDA-9 surfactant
available commercially from BASF) (8 wt%) was prepared. The solution
was mixed and evaluated according to the procedure in Example 22.

The results are shown in Table 4.

Example 33
A stripping formulation with diethyl carbonate (58 wt%), sulfolane

(34 wt%) and tridecylalcohol ethoxylate (lconol® TDA-9 surfactant

available commercially from BASF) (8 wt%) was prepared. The solution

was mixed and evaluated according to the procedure in Example 22.
The results are shown in Table 4.

Example 34
A stripping formulation with DPGME (58 wt%), sulfolane (34 wt%)

and Emery 6706 surfactant (available commercially from Henkel -
Corporation) (8 wt%) was prepared. The solution was mixed and
evaluated according to the procedure in Example 22.

The results are shown in Table 4.
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Example 35
A stripping formulation with DPGME (68 wt%), sulfolane (34 wt%)
and Noigen EP-120A surfactant (available commercially from Diaichi
Kogyo Seiyaku) (8 wt%) was prepared. The solution was mixed and
evaluated according to the procedure in Example 22.
The results are shown in Table 4.

Example 36
A stripping formulation with DPGME (58 wt%), sulfolane (34 wt%)
and FC 171 surfactant (available commercially from 3M Corporation) (8
wt%) was prepared. The solution was mixed and evaluated according to
the procedure in Example 22.

The results are shown in Table 4.

Example 37
A stripping formulation with DPGME (58 wt%), sulfolane (34 wt%)

and Surfynol 440 surfactant (available commercially from Air Products and
Chemical Co.) (8 wt%) was prepared. The solution was mixed and
evaluated according to the procedure in Example 22.

The results are shown in Table 4.

Example 38
A stripping formulation with DPGME (58 wt%), sulfolane (34 wt%)

and Tetronic 701 surfactant available commercially from BASF) (8 wt%)
was prepared. The solution was mixed and evaluated according to the
procedure in Example 22,

The results are shown in Table 4.

Example 39
A stripping formulation with DPGME (58 wt%), sulfolane (34 wt%)
and FC 135 surfactant (available commercially from 3M Corporation) (8
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wt%) was prepared. The solution was mixed and evaluated according to
the procedure in Example 22.

The results are shown in Table 4.

Example 40
A stripping formulation with DPGME (58 wt%), sulfolane (34 wt%)
and lconol TDA 9 and Pluronic RA 30 surfactants (available commercially
from BASF) (8 wt%) was prepared. The solution was mixed and
evaluated according to the procedure in Example 22.

The results are shown in Table 4.

Example 41
A stripping formulation with DPGME (58 wt%), sulfolane (34 wt%)
and polyethylene oxide surfactant (available commercially from Aldrich
Co.) (8 wi%) was prepared. The solution was mixed and evaluated
according to the procedure in Example 22.
The results are shown in Table 4.

Example 42(218)
A stripping formulation with DPGME (58 wt%), sulfolane (34 wt%)
and ammonium lauryl sulfate surfactant (8 wt%) was prepared. The

solution was mixed and evaluated according to the procedure in Example
22,

The results are shown in Table 4.

Example 43
A stripping formulation with DPGME (58 wt%), sulfolane (34 wt%)
and Dowfax 2A0 surfactant (available commercially from Dow
Corporation) (8 wt%) was prepared. The solution was mixed and
evaluated according to the procedure in Example 22.
The results are shown in Table 4.
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Table 4
Example | Clearing time for stripper at | Clearing time for stripper at
RT and hard bake at 90°C RT and hard bake at 140°C
for 1 min. (seconds) for 30 min. (seconds)
22 45 150
23 105 270
24 60 120
25 45, with spots on wafer 124, with spots on wafer
26 60, with spots on wafer 70, with spots on wafer
27 150 300
28 600+ -—
29 600+ 600+
30 600+
31 400 600+
32 180 600+
33 600+ —
34 200 400
35 300 600+
36 120 120
37 600+ -—
38 600+ —
39 90 600+
40 90 600+
41 90 600+
42 600+
43 540 600
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Example 44
A stripping formulation with Plurafac® B-26 linear alcohol

alkoxylate surfactant (available commercially from BASF) (8 wt%),
sulfolane (17 wt%), and DPGME (75 wt%) was prepared. The solution
was mixed and evaluated as follows.

A wafer was coated with 3 microns of AZ® P4210 photoresist
(available from AZ® Electronic Materials, Clariant Corporation, 70 Meister
Avenue, Somerville, New Jersey 08876 USA), patterned and hard baked
for 30 minutes at 140°C. The wafer was submerged in the stripping
formulation bath at room temperature and gentle agitation was applied.
The time was noted when the pattern was removed from the wafers.

The results are shown in Table 5.

The corrosion studies were run by heating the stripping formulation
bath to 90°C and submerging one wafer with a Ti/W surface and another
wafer with a Al/Si/Cu surface half way in the bath. Afterwards the rinsed
and dry wafers were evaluated by comparing the submerged and

unsubmerged portion. The results showed no corrosion on either of the
surfaces.

Example 45
A stripping formulation with Plurafac® B-26 linear alcohol

alkoxylate surfactant (available commercially from BASF) (8 wt%),
sulfolane (16 wt%), deionzied (DI) water (4 wi%), and DPGME (72 wt%).
The solution was mixed and evaluated according to the procedure in
Example 44, "

The results are shown in Table 5.

The corrosion studies were run by heating the stripper bath to 80°C
and submerging one wafer with a Ti/W surface and another wafer with a
Al/Si/Cu surface half way in the bath. Afterwards the rinsed and dry wafer
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A stripping formulation with Plurafac® RA-30 linear alcohol
alkoxylate surfactant (available commercially from BASF) (8 wi%),
sulfolane (16 wt%), D! water (4 wt%), and DPGME (72 wt%) was
prepared. The solution was mixed and evaluated according to the
procedure in Example 44.

The results are shown in Table 5.

The corrosion studies were run by heating the stripper bath to 90°C
and submerging one wafer with a Ti/W surface and another wafer with a
Al/Si/Cu surface half way in the bath. Afterwards the rinsed and dry wafer
was evaluated by comparing the submerged and unsubmerged portion.
The results showed no corrosion on either of the surfaces.

Example 47

A stripping formulation with tridecylalcohol ethoxylate (lconol®
TDA-9 surfactant available commercially from BASF) (8 wt%), sulfolane
(16 wt%), DI water (4 wt%), and DPGME (72 wt%) was prepared. The
solution was mixed and evaluated according to the procedure in Example
44,

The results are shown in Table 5.

The corrosion studies were run by heating the stripper bath to 90°C
and submerging one wafer with a Ti/W surface and another wafer with a
Al/Si/Cu surface half way in the bath. Afterwards the rinsed and dry wafer
was evaluated by comparing the submerged and unsubmerged portion.

The results showed no corrosion on either of the surfaces.
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Example 48

A stripping formulation with tridecylalcohol ethoxylate (lconol®
TDA-10 surfactant available commercially from BASF) (8 wt%), sulfolane
(16 wt%), DI water (4 wt%), and DPGME (72 wt%) was prepared. The
solution was mixed and evaluated according to the procedure in Example
44,

The results are shown in Table 5.

The corrosion studies were run by heating the stripper bath to 90°C
and submerging one wafer with a Ti/W surface and another wafer with a
Al/Si/Cu surface half way in the bath. Afterwards the rinsed and dry wafer
was evaluated by comparing the submerged and unsubmerged portion.
The results showed no corrosion on either of the surfaces.

Example 49
A formulation with Pluronic® L-64 surfactant (available

commercially from BASF) (8 wt%), sulfolane (16 wt%), DI water (4 wt%),
and DPGME (72 wt%) was prepared. The solution was mixed and
evaluated according to the procedure in Example 44.

The results are shown in Table 5.

The corrosion studies were run by heating the stripper bath to 90°C
and submerging one wafer with a Ti/W surface and another wafer with a
Al/Si/Cu surface half way in the bath. Afterwards the rinsed and dry wafer
was evaluated by comparing the submerged and unsubmerged portion.
The results showed no corrosion on either of the surfaces.

Example 50
A formulation with Pluronic® L-92 surfactant (available

commercially from BASF) (8 wt%), sulfolane (16 wt%), DI water (4 wt%),
and DPGME (72 wt%) was prepared. The solution was mixed and
evaluated according to the procedure in Example 44.

The results are shown in Table 5.
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' " The results showed no corrosion on either of the surfaces.

Example 51

A formulation with Plurafac® B-26 surfactant (available
commercially from BASF) (8 wt%), sulfolane (16 wt%), glycerine (4 wt%),
and DPGME (72 wi%) was prepared. The solution was mixed and
evaluated according to the procedure in Example 44.

The results are shown in Table 5.

The corrosion studies were run by heating the stripper bath to 90°C
and submerging one wafer with a Ti/W surface and another wafer with a
Al/Si/Cu surface half way in the bath. Afterwards the rinsed and dry wafer
was evaluated by comparing the submerged and unsubmerged portion.

The results showed no corrosion on either of the surfaces.

Example 52
A formulation with Plurafac® B-26 surfactant (available

commercially from BASF) (8 wt%), sulfolane (16 wt%), propylene glycol (4
wit%), and DPGME (72 wt%) was prepared. The solution was mixed and
evaluated according to the procedure in Example 44.

The results are shown in Table 5.

The corrosion studies were run by heating the stripper bath to 90°C
and submerging one wafer with a Ti/W surface and another wafer with a
Al/Si/Cu surface half way in the bath. Afterwards the rinsed and dry wafer
was evaluated by comparing the submerged and unsubmerged portion.

The results showed no corrosion on either of the surfaces.
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prepared. The solution was mixed and evaluated according to the

) -

procedure in Example 44.

The results are shown in Table 5.

The corrosion studies were run by heating the stripper bath to 90°C
and submerging one wafer with a Ti/W surface and another wafer with a
Al/Si/Cu surface half way in the bath. Afterwards the rinsed and dry wafer
was evaluated by comparing the submerged and unsubmerged portion.
The results showed no corrosion on either of the surfaces.

Table 5
Example Clearing time for stripper at RT and hard bake at 140°C
for 30 min. (minutes:seconds)
44 6:50
45 3.05
46 _ 3:00
47 3:00
48 3:30
49 2:45
50 3:00
51 8:00
52 7:05
53 5:05
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-35.

8. The stripper composition according to claim 1 where the organic residue to be
removed is selected from a group consisting of novolak resins,
novolak/diazonaphthoquinone photoresists, chemically amplified photoresists,

polyimides, polyimide/photoactive compound photoresists, organic antireflective coatings
and dry etching residues.

9. A process of removing an organic residue from a coated substrate comprising
contacting the organic residue with an effective amount of stripper composition from

claim 1 for an effective period of time and temperature, and removing the residue from
the substrate.

10. The stripping composition according to claim 1, wherein said glycol ether is
dipropyleneglycolmethylether.



