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radi ation t h : ‘e.a positive-acting resist is
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sui tabl e devel oper chem stry. Follow ng devel opnent, a resist mask is
| eft beHiOnd. The TMEPrEANtARYENY e Fdates seppratly éo the semevahpbur e sdsenersnt
upon the posid. e i | St i1

resist will Sﬁ-n;ﬁ gﬁ“ﬁ%‘%g’zf’%‘ﬁgﬁ tﬂﬁeepQ %ﬁ%ﬂg‘ﬁ%@éh ﬁﬂ'\t}\ﬂf esda&drlﬁéeg%? ?{\}gmfi one
resist wll withowiadee af ganpositinng, wdiichi appberto$het rerokia of hothcames khadie sind)n.

The use of hot oresi st s.requi res several ,cleani.ng,steps with

final ol ean RN PRRR D AP B RS REe REUF-2rr e EruCor rony aeat Jet

i s i nmpl ementpadel dispayz QREN))] ABAREGIckIBRR kOhi0 Sbéiates. Organi ¢c- based
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t hrough the mask and etch down into the substrate. During etching,
ioni zed and reactive species conbine with atons of the substrate
forma by-Y:YPc?a{? %B40nd t hat by- 30 product is vented a\wnﬁz%"’/t"?{gm
reduced pressure of the plasnma system These sanme gaseous species
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ej ecting carbon-containing by-products into the plasm. Photoresi st
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desirabl e condition, otherw se referred to as ani sotropic etching

wher eby specinelgdeapadyimidhiPy) angmolo{n-plenaisac-di ¢-benzebisexazole) RB@asst r at e

with 5little - l.ety it j I
Ferove. thi s BEuRRred bRk B8P ont AR GRER N her pdpuled oftBRL BN
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cleaning (r QHBM?{ the 28 b &t 8o R Slo MRTsBbatialO TN eldhidg@hizel ind S
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forms of novolac (i.e. cresol, bis-phenol, etc.) provide

i nternol ecul ar hydr ogen bondlng whi ch alds i n agueous sol ubi

Thi s condi VPSR EX‘H%T nes during the 4 WD 2010/ 110847PCTI858 ‘6/}’%/566‘770
phot oconversion of the initiator di azonapht hoqui none (DNQ i n novol ac
systens, while in Phost systens, the acid catal yzed de-protection of
the ester forns the nore sol uble al cohol. When used during nornal
operating conditions up to and including 100 degrees C these systems

remai n sol ub¥iEh pHeBRArs 18dhs/Riamaa Hih 4%6%@%"&#66@@@8&69\@3%& me
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pl asma produce.etch r.esidue whil ex La tepneral Upes
exceedi ng 1 5%0 Eerebyépeflfs dre hi l q[zgr reg?é r11nt§,> @18915 a(e \with
side wal ls pqltum:)o lh&raampr Ueeﬁlc@ﬁplbympitdddésirsd af reinoee ik epl:lammuw th

organi ¢ constituent hotoreS|st The chem stry of the residue may
conpri se cor?é?qgt"ﬂ‘ghﬁ@ P’ﬁék 23 they cap Ea"erijé[]eéelmﬂ‘% rEYhSEOSENE | asma

gases, to irhdtd@sahd 5@ re@ideliddice pérffRiafoe AEPRe ANDRS FRh esidues
titantium tantalum tungsten, copper, nickel, alum num chrom um

fluorine, chHangdtheircassegiat eﬁlseya%,rwve,roﬁﬁndmﬁlﬁgul’é@cmamaswnmlly
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15terrperaturl§mg‘>’<\|§%?%p]esgggﬁo tn}aggr?g&'ﬁb\q lfeﬁﬂ %SE ate further reactions
to formilOnsol ubl eNegpm lﬂmtor&mhameamm(mlytqhosﬂn fbynhbmaygor@}rsqmqmsw th
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and Boyd, R N.,, Oganic Chem stry, 3rd Ed. gFBacon I.nc.
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process and t
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i ncreased vakues bpf:leirtgoplatmg or séﬂeeapmmgag( 4 pmmltl)at expqéothe restst mtheatedh

resi due nd t sk use c hem cal. strippers conposed of

O gant o 2801 FEHCE Dase HESCEREE 450"Ch ARG n QR PEUBIBET G s,
corrosi on i rBbB) dydtes urdlBHths Wal@fiAOSESU-BNe, 68hdiy@vaesét by International
hydr oxyl am ne, has been cited extensivel ﬁl intheliterature as a

basi c mat er iBysing#si Machingsi(IBMhprcsnay soddby, e&&bﬁorpme@%@p@berand its
residue whi '@o rhifdn, A6 GERLREL Ex?%néé%n?%%‘hlﬂé E%“%S%W gvgge SU-

f eat ures. n practice in usi I'pper éhem stri
del i very of SITa‘ngeommbulfm!;osrh fertllhlthpettertmtharmaﬁwbsed 3 (emicoorisum), e'atlefd

at a 10 eC|f|cte ure.f
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i nproved persksmElNeRaipht sidedialls. dBwaQ&Scpfth&&t&h-relmﬁquecdhmb&hgtim)fmtst
SU-8 ™ epoxy resin, photoresists of this variety are chosen to manufacture large
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20Negati ve photoresists used in form ng wafer bunpi ng net aI I | zat| on
masks gener al | |nclude acrylic, styrenic, maleic anhydrid
rel at ed noW8iE 1)1’ 8 copolynmers. Such materials are usé’(‘ﬂ%”ﬂ%%@e
phot osensi tive th| ck films. These photoresists are cormmonly referred
to as "acrylic" polyner systens due to the pendant groups on the nain
pol ymer chai ns, which include vinyl groups common to 25acryI|cs In
general, the dry filmformof acryl.ic hotoreS| sts is chosen wh
exposure to 46»/@6%&%%?%@@@?%%%# gHeopletromerhanicy] Syﬁ%m%t(MEMﬁ)t TBF
this eXposurv%neﬁéé%fﬁégﬁ% %e%ofﬂﬁéélsftd ArESiBRSH St BHIERR] U Pofifi BS GiS @
stripper challenge dry-filmsystemis renoved, the mat éri al
is typicall wlmmgdrmak)wcnmlswwn maeerTyeosdus il ict, sttig ccg;p@pslymd@rstagd
with the mat u
resul ting II’%E S{ﬁéengra T ! Bllésﬂ%ﬁée%{nt 2’ |nso?Jer)§) '%F'af(e%g) ékfy%lﬁi
particles. Shebcomplkuithe aﬁﬁbﬁﬁt]lyqir&tleém lead to filter foul i ng and
performance degradation in the. rocesiog)g tool ., This can. create

si gni ficant | oss AV BRPGESS tnyoldn {fiogtaghy.Jf tsegEabls togpmpletely
2010/ 110847 Reeh6 4520 pR4BIRGE Rorh AR suBQWM inBRddrab priRbdH BGRBIY tothe next
addition, the failure to filter off or rinse away particles may
result in tHsodess: faeqnaets strippaisl dhegphotaresisticamresyt Bidregulagifips during the
contribute t | ude
aromt i o quipsedlifh diRBosiRrya, Hhl B et RIRGPI JEE pldiimd. ek
benzyl t r1|0rretdxyrhahudmgumdhwtxmngtees(lBfmm)n;naaos cinetens metzl seddarfrom

| kyl | d . h nd
oY hetant aistingto R niRiaed Rir P R BRIy tetlob @it TR GnSietd

waf er surf adeéss idh finlshed a/sserﬁmgmtrse bdr@dphotdtesist coft@mpnation ks rdﬂﬁ&sﬁaased

sol vents such as N-nethy] pyrr.olidon &NNP exhi bi,it the s r awback
in that thefr%?élffFrﬁ?Pta&E iy dn 38ﬁ‘p‘f"€t ling deXich Pasierning *H’&ﬁ?s eRict
resists. In s%@%@]wettﬁ@fﬁ?&ﬁérhé%M&mebmaﬂﬁo&sﬂuﬁcﬁﬁﬁ wrarﬁréaqw um
hydr oxi de as tetranet hyl amoni um hydroxi de (TMAH) in NMP do not

conpl et dPy dnajtsphers smalhycoptiguertp rrrmgrue‘z ﬂmpromgmdliwg@g]pgtema@tﬂw@ng until

I nconpl et e %ﬁﬁgkﬁ{a '&&c@ﬁ&%ﬁgf%gﬁ%s‘hhg &@ﬁionq%s?oe S ncdhafid daOf
contam nation resulting Invyi l'0ss ar experi nce I'S note
for negati ve:lactm:al quintGictsy which prafuct high rro:sltﬂm:ce badslewit, bb mesiencarsstropliy .
Stripper chein ‘[gls used to clean residue and masks resulting from
rubber phot SFEEI8t M8 ude a hydrocarbon sol vent and an aci d,
commonly a sul f orfheovghou eadli @h@eicBérhital fodesty] JrR@aih Bprecitt alaRBnGe
and enul sificatiqn of hydrolyzed r:ﬂbber conponent s.  Representative

i nhi bi t 3Ps iSRESAY IRslcadlinesiiad gl it mystrhe meivithqul failyre. rAny, o) es

to prohibit p%ﬁl&ﬁ%a%ﬂe@@ltﬁ%@&&c &‘%Eﬁ%ﬂxﬁaﬁcé SRR RS ré%x&ﬁ@rﬁmfbrgé)anse
inhibitor for these chem stries includes catachol, a toxic and

car ci nogeni dn pEgcessicamplerity.taHerill resulige r@ﬂl@?sbwﬁ]dranﬁ}rm@éfa#%h strippers
of this variety gusteiayHaniRaRgh meldhbhifl o ShatRdoNENEAland
conpatlble sol vent rinse prac | ce, eit a cost I ncrease,

w || reduce tymmlgﬂ]fyémphlhof(pcﬁmﬂ ahd ambmhkust(cne achnalogmbsaerehdtesslinketl)) and
pH- dr op duri. er mxin nstlt nts.of the str r. eto
Corpat B 1 iy fadtiss e Hhese ity it DG 0 R ey i R sined
strippers Masingonengsyadieshtd irfdrarRAEMRA DfiSRA. CTHRIrESM BT pobitave-tone

m croel ectroni c fab. VWiile it is inportant to give attention to

t he chal | en§bdmistrics arehagsd upen eitheringielag &whphmoérmrm@%maepo. nt of
the strippe 0%?0cg§ssg grhegw@ét) Uilhl LS tfbﬂggfsﬁ%g}fat&?j‘f@foﬂ?n%rgﬁd/or

design of t pr oper per orna ce o
general |y SGWHG/PMMAdpolb{mﬁtWheetbaqrﬂauey Phrespdsmisfies difer goedndiregion aod
bet wee

is to p Vi . ntro i n. It

bat chee30s PRI ge s SPRRRS it VAPt Doude et uf Bt i

or chem cal f@ﬂjsltﬁ'hﬁﬁﬂié(l B’.Bdiesob,}blé pPieenoletc,) ptélede/mrdnableaﬁara\g@lrdg&bl e
bonding which aids in aqueous solubility. This condition combines during the

4



15 industry guidelines (SEM S3-91, Safety Cuidelines for Heated
Chem cal Bat hs I n accordance with SEM, liquid over tenperature
shal | be cWRZPHIEA” at not nore than 10 degrees C abov&CIAS2HEPHET0
operating tenperature of the liquid, where the typical operating
tenperature does not exceed the flashpoint of the |iquid. Many
conpanies will set policy which is nore restrictive such as operating
at 10 degrees C below the 20f| ashpoint and setting the over

t enper at ur e phetdgenenwory ¢fabmpmmr 1ensphtiaquinen¢ P innavelas sysigmbest
be observed jn,t:h nel displ

Resi st stri pp}? ]r?m%gl BJt(B’Q_,E%ﬁ ranu ac{altaq%egiad %“H?‘!‘i"&?ﬁ?’% égﬁ?@a&he more
substrates tsbatb&i dleufrob nWhert osed @yififig ﬁdsnmnl cmatﬁ’rgambem;onmmmbmcludﬁh@

prayer i hailobRBEHE CrBrar P el dule iBieto e MR b v

rinse stage ¢psdute Wilbprolldc@Qousteipaii #86hrc luBIE T ffkeldpRE water or an
alternative solvent is sprayed onto the surface, and the process is

conpleted with a ;ehrmaleﬂeﬁa&e th@a&SIﬁmdoHQF‘e&s@ ap@ﬁse@'a§ pﬁﬂwﬁmaéﬁlgm@wg
is supported by at |east two product tanks which are separaté and
di stinct andorplesprybased ntf:hlinge pathxherowsewxammseatth@ﬁama praduqseiahs .

Substrat es i h y
in the fi rs? Qé@{ a‘glgleté%ﬁ rhie\pﬁjf)éesir( t(?% B{agﬂ%sdéygﬁéﬁgféh g%%?é ?m: Wl
surface, andknopanhat eahtrcsugle\(e ghsiddealt pslymbr)ambnﬁ;irm\aﬂ ngby)fnfodoéts vfhe
substrat IS c | | ect.ed a ret ed t.o e it
SUbeequdl | PRt afais FrEBRehCol R TE hARSERAERS shcinay
undi ssol ved daBipeikd @tin@tn&entgbﬁthé@mm fneRMobb@aphy, Kndl}b'lﬁiﬁlﬁgd’sys td elude
filtered and heated._ stri pper is then cycled back to the spray chanber

where it is sisPnaiisanppepitebyonphpephate; ftaptivp ety SngaAhcPPRGat
optim zes thgPSivplingh/dhPdthiieh, PLBSES ShioARe, bl ReE EarB&%’cﬁhﬁmHQ the
conveyor fromthe first chamber suppor ted By tank 5 #1 to the next
chanber suppompeundsy In mﬂ@lf#’éystmneMénqhssoatafrlmdmhcmstl@lantﬁ,ttbesc letenvgfed i n
the stri per, y be
t he sarrelgas %rﬁé%rgtp egcp &Eee%?%(aﬂﬁl]%k”gpn%aﬁﬂftmg?u er[rhgglres%&w r esen mSO%fbg%ver

t han t hat f apedianlSu#i readijyiiycdihyfioeglessupsgvith iabiglesang ad&fret mealsf especially

chanmber #1 to offer well ti of the chem stry in contact with the
Ceal st whi ot s Baf Hatp sondbord gt R aicio sk ARV EROVEF esveidn o
time, tank #dsothé base£arh rfolod@Ndr t @SRk 1S RRAGH fMorfr%Bn@? FSHNESd,

resi st and a decision to replace the contents will be necessar When

this occurs R¥hErgstie thz@sm %ﬁﬂ Ay Bacgs lsenBosten Meks C. 18i(é973)).
repl acegoby (%}Jﬁ@erﬁ%%@éaﬁl ofteéﬂl?es#&e aﬁﬁ%v&@f‘ﬁo@gﬁ o‘?%reglgtr}#asﬁgre%l l]g be
repl ace fresh stripper (1.e. pure stripper I'S manner

t he system ifonsthegfieds oﬁwma@mammlmm@rthcusercémhemmhtmperd\ian@ssed
t he process 5 RLEL o dsUr 1 2RR e tot fl ow
direction of { %’lgvyngite%‘ % {urés exutgl <4 PEHigds of ﬁgatcggeé’de?t ur?lgghylprgceﬁﬁand
becone the dosity and cl ean tanks respectively. In other words, the

unwant ed resist iis concentrated in the front .of the lin ile the
cl eanest chemi st fiYBE2lmeaAshnsmeatysed fppredigt speing,shallppges 0? H‘:ﬂg rgdsnt

the progyct ; @Jﬁ&%ﬂﬁﬁal‘aﬁa@kx@%@t@nﬁﬂ%&ﬂ%ﬂr@lﬂlﬁm@? I Reh@dPn gi ven
here for the FPD exanple is consistent wth nost not all’, in-line
bench styl e upghangedyhglvalhestarerpbsprisd i positixeHengphstaresistaand smiler | n a
bench tool, r t at anks
are at fixe g[; ?en{S (9%391 ggr[@hf‘s%t%reﬁ'?’gg@kﬁig\gglrl%?lﬁ(r%%??ot ate
but remain a?tetatdblaoedehscasaf Toim phmtn'rh:ests haretempistrved tsbd@fungtion of the
delivered by s in revvlll t he,tqol. 25wil | punp
from one. or SYRBERARs P Th g B bk L PRERH st it AEckveR s g
by the agge @hotosist antlﬂgldl\/l'oﬁhﬁﬁdble iraBlsserveliNfir€askSinalk WHK addiativ@land

unsatisfied, need to achieve selectivity during processing with these
thermal exposure with polymer crosslinkirig (J. D. D'Amour et al., Proc. SPIE 5039,

966 (2003)). Such crosslinking of high temperature exposed novolac resins and
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stripper. No surfactants are used in a FPD line, in fear that a foam
conditi on and ultimtely cause catastrophic f
filters, 2?ﬂr?((f:;l(i‘o%wdry air bubbl es, 5and worse, cont anqcﬁlqs?@g/u@ﬁéu
fab by overflovvl ng stripper which may trigger electrical shorting and
lead to a fire. Since no surfactants are used, there is irregular
di ffusion due to rising surface tension fromthe organic stripper to
t he aqueous caonditi on, rre and s dln us tary
dead spots of ot tﬁve'tﬁ%@fs e ¢ +|I%cstt)en tﬁg%eep rFsgn%c% ra eil cggur- }"’8‘?‘{1
The corrosi v©ehyp£saﬁt&tabw1ﬁnhaamemgalaeunﬂ’ltg on 10 may be avoi ded
through rinsing with neutral solyents, such as, i sopropangol (I PA).

iRl gfeéld“FPESP

Al t hough this pr deleaning (remayal grogsrist elg W&mﬁeﬁw eX j t

i's both expefiging] ahfpds EdRPERPbI brisdhnid 378, amines, wQEQeFe%uélﬁgagéﬁ%ed
iccordingly, for inproved stripping conposi ti ons wh renove

t he procdssethelating sgentsncrrasigm i lhﬁmaeqndwmfa@ammmwdw@ agamet y
t owar ds ”‘e d&sﬁ?aﬁﬁlmé ‘P,QS B%'it{ea’&&é’n @%U A9nd h r%‘uﬂ@ b dpdﬁuﬁttehlu'»%ﬂch
, in gougl ng,

dei oni zed, ner al’i r ven corro

di ssol vi ng, ﬂuhtanersghssoinnm bfphataresisrand |tm§psidhevmué bferrsg ;hrhreom@mfut t he
entire process,.  Furt rovm nitiatives exist within

st © ol murg e Mgt I S Drafieh link Bt Whemistres

associ ated C'h%w&tdell%i'%%!f aridagemid i iGhippe! b thedibseatd o 1© diddned b t he
use andnl%mner ation of 20 hazardous substances. According to the

Aneri ca cPPRIAP togierayry far agigerPaoedef §ey I nstitute, there are
twelve (12) prin %ﬂh@ﬁmﬂ’&&f miab® tB?ep‘i'é%fe'aﬂﬁm vt Q ép{tﬁ(re

This review of polyneric substances I'n mcro ectron r| cation
presents seriimposved peferorapedt inithejr dhvadesgthg steipper chemisiried m;tst glso Whasijested.
organic dielgctrigs are re.ls a nt i nui ne

processes anc® COMpoOSI it &%%\ﬁﬁce@ﬁabﬁet% U %tcaﬁummflp ‘%’?#"&%ﬁ’g“’r‘*g“m}é‘% a
cured pol ynebo bggrdﬂsﬁz%dd)l\/dopgerarﬁhvﬁ:leeﬂmltaguﬂehlemgmwﬁraﬁld foad-Kr(dlecfricom

t he underlyln subst r at ses.o ositiv otoresists, thete is
S 1 a0 ArREBRly Rh Gkt By DuBSie bl deRUSR gt eheon
ef fectively |n&myh @Qhﬂdﬂmfﬁe@%cﬁaﬁﬂbﬁh cafBouds E%o%'t@b@ﬁérﬁﬂ}l@xmg
effects to adjacent nmetal features. Finally, in the case of 30

negat i ve- t origeph Srdrieandaraobserred Supteh (pitagk) sappsr metady Agdisenallyes and
t t
Gol Bt er | oug TLiFfinied B bidEbat ST T of dO B AL R WO L

materi al s ar@e\&aregamnccsﬂws origin, their chemstry is 10 different and
present s, uni que e st -be. over i.n r 1o effect
Phe desi%ed ol earigtdrortstl w5 fooRut PhEN R Be BEBRbal RS e
t he renoval g&eadﬂym‘cluaéga@hc ssuast, mmawmmhwmmmmamﬁﬁeri ans,
there also, is a challeng_ﬂ?1 t 0. desi roce s that is 53 E‘E ,ﬁed by

a tool whi cHORPIVICEN SHFRMRLESRIS A% %é‘!sli’ 6“%1’ plosgrsitivethiek hgse
vater, W t hgpotddalses @é b&Hﬁloﬁfyfrgﬁ}rﬁd idPast"RGy Rl yrAdr@ystdhie fge toShd
continuing enphasis for the mcroelectronics industfy to be green

t hrough i nprRsUdang stomes @aﬂvétnyan@pola@émhamn\thh awlndervinyl geoups eorpinon to
chem st %, 3£ di) eﬂﬁaf %cﬁg%%wgf&i II&%@{&? WRfen wh ' ”9

t hese challen es to reis a pressing nee to provi

consi st ent ﬂosllﬁe Mmgomusatocpsmadmpnsmlrmnrad;ess e erphof thls)fmpomfre the

matter that n n,the erforrran e nee of t uni,que
e v oot e o B hatB o R oS S ShieBks { WhetRudt
hi gh t hr oughputsystemds RetbvRd b€ mSterial ik typicafly heddislie@ORathef, nemper shi p.
15 Summry of the Invention An enbodi nent,_according to the

present i nvEREMiAl YERREEY RITast Bdiphasmateds o spuse [i8ing gedingdrne theesi n
fromi n%bgar%bﬁstl%&b%sflﬁhg ﬁ} he %@r‘iérﬂdﬂ%f s@spéﬁHeHkafﬁll%ﬁe ARES lelc?pé?{:cles

solvents; and a néta onate salt of isophthalic acid, a netal
sul fonat e sdluch ofsolabRonasenpiis ¢aal lpas! tadiltgr fpubeg and pesformanse bgradaticonn the

processing tool. This can create a significant loss in productivity as a result of process
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an organi c solvent or mxture of solvents at a weight % of from about
0.5%to 30 about 99.0% and a netal sulfonate salt of isophthali

acid, a meVRNY(¥8hate salt of a isophthalic acid di e§QpU52W’”2{’770
conbi nati on thereof where the sul fonate group is attached to the
aromatic nucleus and the netal is selected fromlithium sodium or
potassium and m xtures thereof at a weight %of greater than 0.5%

and at | east one additive which_enhances cl eani ng perfornance
at a wei ght 9plsovmng faBEnteparreodn additguithedailgsdo Bligrotkariinspaway
sol vent i's seleGdemhf LR ik S sdidifel AU findltphotue

di et hyl ene g yco%s t){’l et thI ene gF@O (ﬁr} 6r opyl enengtpg(%:/cl)1 %3%%{@#&%
gl ycol et hylyigddhwss., di et hyl ene gl ycol net hyI et her, di et hyl ene gl ycol

e o oAb ke R b B SPGB BB

enbodi ment andegidesuch iﬁiidﬂ@ﬁltrfrﬂéthijl&ﬁﬁibhh@l wcg@nuec(mmﬁarmem such as
10i nor gani ¢ su g%l%es conp ri,sing coating said qQrganic resin with
a stripping "&ﬂ% 9, 35 ol ﬁ%‘é{f‘ F?fﬁosﬂ‘ﬂ’e‘ I9pen angnenyieme syraciset deuek

and for a tigmphidl} AR ImdnY REHIA Y651l £6Malhd B bubhed MEMARGANI C

resin, and iii) finsing the substrate wth a volune of a
rinsing agerfompasifipns veltieh isg Hy@i?bd@ei@ﬁﬁbs%mm rON-regiblylpyreolislogeni ¢

oo 1 on GAIBTSHBIE Sty Aol by Wi e oOboBlepABLA
Mot her ellﬁlbodnamyrmy«ﬁdmwmans Iagen¢rhbdoxﬁms:tioammhgnﬂum\qutamyn from

an inorganic substr coa n sai r.gani sin
Mth e arri pren RyGoFRRan ety Rt R B VAR figb & o
t enper at ur e cafletedy dl@sd[irdﬂiﬁaﬁ}tkﬂlfyLﬁltrﬂl&*msﬁ Q&s&ﬁiﬁu@%& aBéves lcbihp it ddsofufien
organic resin, and (iii) rinsing the substrate with a vol ume of a

rinsing agerﬂrc’dé’tﬁ?sfﬁaé‘ilcé"rﬂth‘ftc?a? BREVRE & N ECOTERAmINHORIFUIERS NoYigfd ose-
resin; 25whereinseaiig e‘kﬁ@ﬁén@&s%mrfblsﬁéﬁaﬁ% RBYe PRAbICSG of TR ﬂbﬁé}%bélﬂ
or slit coating. Detail ed Description of the Invention

present 1Snvartin wariehy. oMtripiess chemisprsis mgeddowiﬁgsr'étsndynanémsmmm er| ch
ok Y, and B0 el AR, ARG SoRERIPA B SHBSEANSER, L KA
non- et al | i acslulbEgh am@sy is Ire:qmdém‘qmtfbmm axﬁd]ﬁnﬂ;ltﬂﬁk:ﬁllﬁrﬂ’tﬁh@&ﬂih&ﬁdtl on
conprises a er-sol ubl e rmno 2@1 ri ou add| tives,

CrTct  vel y VGO RoDaHaTUe St PHEMF esepiaiobress (MRS
2010/ 110847 R6d rdisediHAZ8109i6 HRokibie bRk upsh h€jaddnt BRI AlireH aA WothnidiAt
conprise the hasis for fabrijcati n? mcrocircuits in electronic

manuf actr i Aghidgsdorthessshemistries dacludep eafaghob @ toic apdeareigogenic material.
conposi tion kg LR ey z@hfocm'%se&fnggerg Bfﬂth?stk%teyrggsé HSJ% i@opih 'OI ic

tenperature for a given tine sufficient to achiev ution of the
or gani ¢ substPanee relaiedingutral andd eegoBtibletshivertioVhis rioke pragticoyalpgibdenst by
rinsing wt rl* c@easéf' %h@giu%g%tdff ét%%?rr%?al \A\Qz;c‘]%rto ac:lr f%nBPS uteltg Q nﬂ'o

met hod wor k 't ’her Fovi a6 pertormance a esit el goafl s

i n manuf act mlnmmwamt mmngmithycomfﬁmntsmfmlﬁ%l@)ﬁer oDat tosdokripafiitity issues,
process§s. Althog_ he or an| C ﬁub taﬁges to be renoved rr?ly be cuyred
Do a hard aftFERERRAAF Fsr o ByfoparhonPisk BPRS MHShOesegtreggd igm pagmal
customer's @f@ﬁ;@%&wrﬁg}@,d,ﬁm@q@n&(ﬁus found to mai ntain acceptable

per formance he conpositions and net hods have parti cul ar
applicability t o Yhilgiitis irmpetant to give attention to the challenges of polymer and residue

removal from the standpoint of the stripper chemistry, equal diligence is necessary

towards the design of the process and proper performance of the tool. It is generally
30  understood that the primary purpose of the cleaning tool is to provide control in the

process. Variability between part batches is reduced by the operation of the tool.

Barring any mixing or chemical adjustments made by the unit, the variables available
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waf er fabrication, for exanple, in the renmoval of organic filns and
resi dues from sem conductor wafers. Such organi c substances are
present, fBPRBYHBZ, on post- etched wafers during frdifiT/Eige/000770
processi ng or in back-end wafer-1|evel -packagi ng 15 during a wafer
bunpi ng process. The conpositions and nethods are particularly
suitable for the removal fromwafers of hard-to-renove materials such

as full-cure |mde ane Ll-fllmphotoreslst readum Wi | e
t he present ‘P ?1 fgrcqsiglingde lemneptiRpeaigbant 8es W FhBgsent
whi ch can efifiefdile/fesufeRBPNPeRO throFshbEt 19%gﬁd?lhfac§1¥ilﬂ§tlﬁgcaec%n§tﬁﬂr&rﬂahams
substrate, it is also 20adapted for renoving photoresists

i ncl ude posiis tw@cxegmh@prosmsmmmv@ﬂm without a ¢changoin Offl@ImWEVdéW@Pe’)?S and
pol yhydr oxy i

Boryt cs. " SB8HIE R Uit gog AR R Bh ok B chPeckdiEh T,

di el ectriscs ﬁo@maﬂ@lissdethnofa;dsnfhﬂencrmé ydseinng weshotter (rB&6S} timendiowever,

bi sbenzocycl obutene (B The s In osSiti ns and net hods can
o S0 ooy e QiR gRLL P e A s e A agkes. S 5

phot or esi st &oﬁeﬁoﬁfh@éﬂ“gnlalsw indst (it GndaRt af esbahfire FSRa@EHANI C
subst ances are_enpl oyed in the fabrication of substrates, for

exanpl e, t hehdditiqnalpand mpst mnostanty therays coninued lading 96 thestrmpsr dremristen

panel displ gy, thlé"ﬁ{g%ﬂw%ﬁﬂstir@@ ch!ﬂﬁn%é”fécﬁlﬂéo 36831 R ek %Eféfﬁtt#rtﬁé such

as netal, sem condudctor Sociated or gani ¢ naterl

Typi cal 18ubobservations eesiduesr bthet pletapmeng thetaadipdte a2 dsepnin perfomgznos.

mat eri al s 30such as,s Ilcon allium i de and i.ndi hosphi de

and sapphire, %‘PF kemspera} arsegméthn e atrgnﬁ@? ey egamlﬂ&ﬁ%ﬁgégné;r A2 term
"wat er - di SSit@ﬁ]beﬂith&. or@gititivat Whalt sgx&msn et bd ntrekel tbﬁbrdtbtlt%ubstrate

description, it will be understood to refer to the activity .

water or aqeasuss daiile sondtionsigay, B‘EFE?SC E&Sﬂ%ﬂ@ﬁ?ass‘a polyfier gléwﬁwwg

speci fi cal | YyitHheRsesh feMpeRURE. THRSR Sfuhdkibdneil Sadfyalnit Bs SoalMEat&l by
aqueous sol ution dissol ves and/ or di sperses the 5 nononer nmateri al

t her ei n 1and/rtustrn pidelires (Y1 S3-91, Safbres Guédefiges /or Hﬁqvp«il kgemicel Bathbyi fy"
and "cl eani Qgcor%{nge Uﬁtﬁ%ﬂb}i‘% ﬁﬁﬁ’lﬁ%@gletelpl%gra{upé Q\ldﬂ '%9 ldI)ntI’(mea at not md)re than

speC| fication ew se, e'terns
"cl eani ng cdiplegicts Grabowtbe ooreth] ppﬁwmghemge"aﬂutwof tﬁmhqmé,rwﬂndr@thattym@l

i s defined asarrehod appl to. a.substr such as.

spray coati g° aﬂ?ﬁi RUAEH lg‘f fl?\% og é%g]‘m"% Sﬁ‘eqlﬁﬁﬁﬁ?ﬁ coppames
terms "fi I mwmrset muaj: whAlth xﬁmermaﬁlcm\rusammmla]gm 100 &@md@d}:ﬁdlm tiR
articles "a" and_ "an" are |ntended to include f?ﬂiél"ét he_si ngul ar %nd

the pl uldl . flashpoint spd settipgthe quer jemperatyrrdo bg ths nt. Thgsg CTHF AN

except wher @uiels iy GdsEBE oisBAkd $H'HR pRaLIRiN L Mo pAREEsAa R @PDSY.M ai ned
to add up to 1050%§yTse tgrsm "Wt % rlrjeans v%g?lgﬁtﬁ%gr clgélit?sbg:gedj on the

total weight of ResisttigriresiadTd) memefacturingpanipcans onrsgs substmtesn| ess
h
otherw se i @1‘1 gl ?ﬁ aconv%vor‘ﬁom %%ﬁﬁmﬁgrqggl%tﬂ& tI‘ﬁBH'{é &;?@;ﬁﬁgfﬁg{t’}q}eof

i nvention can ve su € I norganic su
t he conposi manm bata(smmbcr@lmrereﬂ tbg aICSPEaS’emhau ﬂmémthe@ntlmrglgss efirfacaltrayeling

applying.th iti oat.i n eln anlc substrat.e.
Onoe t ndSsulRt Pt s Erais fHoneb BrApBarars B ohdn SERBLEL | on
is applied aalde:a%gmrea onf the Oate, dndeheptbédseisTotplet@P@ith aggaﬁ g §tbe
substrate begins, rapid rate of heat | ng occurs until the desired

t enper at ur e ta ”}CB’éléhéBOtaﬁ#‘d‘ql@ RUIRPIRGS SAPRSEd Py at Isest FeRIPOAug!iaRks
Al ternati Vel\\)ﬁnchtﬁ?@s%%f‘alfb Al Rstiel Sla a&ﬂﬁg&“g%ﬁ%& the ﬂ§\5&m5t%%f%€“ d

be maintained at the desired tenperature. R nsing w a rinsing
agent occur pagmSubstrited ¢nderig tbﬂytoal will/benfirst’tveashed! by thmlamnste»t:hmb forfst

practicegyin n!rkv 3 d| 2li pS.. hame coat n

heatin g?O Xa i ﬁzlia %télpﬁ%sg rayr Oé'lroe Iﬁl% s a% sgffa ??Jn&sbon 6eact1 tlh 3

i ncl udes anyesmhmem\ui\ﬂglofﬂbfnmmrbetﬁaté hensealﬂamﬂlahd otlumBd idthe &rnkaw&hetrsm be
is subsequently heated and filtered such that any suspended and undissolved materials
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10l onger. Once the diffusion of the organic substance is conplete,
rinsing wth a rinsing agent such as distilled, deionized, or

deni ner al | YOPWKEH7 nmy be perfor ned. Ri nsi ng i s BE&AWED by
t he presence of the water-soluble nonomer in the conposition. This
nononer perfornms as a carrier systemfor the organic substance to be
renoved fromthe inorganic substrate. The rinsing agent used for
rinsing can be at 15 a tenperature of about 5C to about 100C.
However, ri rase regnavad framstbe belkghemistry o dhe fienpé pad heatedstrippgeisitenmgycledo
obj ecti ves, e i lLved. organi b nce, and.to reduce
Che s enper atiEi e Hiad Bl SRee3 st o P SL RIS PBbEe ey
proceed. Conpasiet ihansptinfizevahd esisLseppingipiobess. | nvention include a

maj or component to 20 be a sol vent system of the varieties which
TRl ude one. of ot UPEBRE RS LUHEE Sae B R oh b BDRrHRg tottank

structuregs (g B‘ie%ﬂ:hanﬂkyﬁ?boﬁé 1280 B8 ltherffs asﬁlﬁ&ﬁ?ﬁéﬁ'izﬁ%uﬁiyl c)hange in
R2- CORC2HA(0C2HA) n- OR3, (I 11) 124- 0CRC3H6( 0C3H8) 8- OR8™ and (I'V)
R6OCOR2R7, altbosioprers diliberahthe eenditians of pperation( foy tapg éimag e the same as that

R90C2114(0 ( AvYN 0c2.1- 14) OH,
and (10 12 5poeshaf oy P EC St RIRDE penhud b B H, Tt
R13COR14, suylréaziingesmeedre defatdffonchasthenil torodfef XdveRiigS@R1Es clemdstry in
R L e N T LN
R10, R110 Rlitkde, BhE #1R¥illlreacRhmaxddmRdfisy @phdigapediddhddreselgghed
fromhydrogen or C1 - Cl4 - al k%l _ﬂroups and n represents a repeating
unit rangi ngleFiFigmtarepkice the ceptepfiayill be peestane Whew His/essus. thecpuigrts ohut

are not | i kot Wilks! LRES wakehnd Septieh 8Y ReABRRAI of AR PR ANAL BontBRE bY!
propyl ketone, and nethyl anyl ketone, eSters such as isopropyl

acet ate, et Hgik #Eoutlicheaeplpepdyyithafeshastrinperetilsypurp stopperh alnghismesnings, the

pr opi onat e,

. C: et h - ro r ORI Qpat e
et byl | act A0 OHE stloldoBlafl YNouis-clrbhn bniBh " KanyEty HiLoRIEET Y OF
hydr oxydéet phads is¢'tditer? ohgmposixe/to3herioladiredtiohadf dat chemisatyh Hy 1Bing this

nmet hoxypr opi onat e, et hyl, 3-net ho ropi onate, ethyl .

3- et hoxypr oﬁf%?ﬁﬁ?’é?‘&ﬁgi( ﬁﬁ/% -coglteﬁﬁiﬁnﬁraﬂgl:%ﬁbﬁa@,‘s’ F%P‘T‘ﬁtl‘l"e]ﬁy 9%ee, and
et hyl pyr uvaidds, eehfianR0 destht YCdncaitRdSn Hédnbasthelihs MBS ML ci@hber |
et hyl enegl ycol nononet hyl ether, ethyleneglycol nonoethyl ether, and

propyl ene glcheBIStIes FowALE RSAT s sndrwhepdymfter Gisroant, the RErdugisubsteptaisch as
et hyl enegl yepkedRaQeichy! ether acetate, propyl eneglycol nethyl ether
acetate SPGIVEA), and propyl enegl ycol propyl ether acetate, aromatic
sol vent $9such as Thecenflgueaten givendieresiohihe FE@Rxampledn consistsnt wit most, if

ni t robenzen %0 . | hyl acet am de ( DMAC),
NN di et hy PR el B SHE dnf i maybalth 51 B EE BRI 1E o
such as N mbtimhl tpyis paytsirdoedrdndi) statdet toyahgiervaililedhe ankNGE bt fixed

di et hyl pi peri done,. 2- rol e, hydr oxyet hyl- 2- rroligdo HEP) ,
N-cycl ohexyiqcft-“f.’)‘ifr #%Fibg%{ﬁ &ty thepags E%‘P’F?}gte @Bh‘ieg%‘m #g fgﬁai‘é’%{‘%“’s uch
as di met hyl vtk tiexdhdistgiiapdiny felbletdduyaspathe! Thdra WEl BY e @nRd! kifeaba:
15Al t hough t hese organic solvents may be used either individually or

i n combpat “oh PEmPdom gne grithe etherendicary-gutropater-cyrrrnt plearing designs by vt

syst em shoul,g. coRiaangdrgidyhane 9l ycol (DEG Eastman Chem cal
Conpany), diethylene glycol nononethyl ether (DM Sol vent, Eastnan

Cheni cal Conpany Yherdiisaniggueln getginga sliedimeakihghicet sedactigiDEdSoigvent |

East Chemni cal_. Car , di et hyl | | | eth DP
s o P BB o S SNk b O st
et her (DB Sohersistries samt s prattisgit6 athiSamdsydd déaniigderfoffatidaes eafr An

enbodi t of, the conposition includes one or nbre solvents at about
0.5 weingﬁt EélPB‘Qﬁf‘”tegR‘é%ﬂiéﬁ“cgm%‘ Demghvithaut damage to sengitive sataleirnhe

the sol vent yhderRifaS8nsratd) THIEisSRp LRIy RANRERL b AAnAbf Be WO BE aIRNIRTof

choice will rapidly "spike" the pH of the system, once they are mixed with water
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of isophthalic acid, nmetal sulfonate salts of a isophthalic acid

di ester, or a conbination thereof where the sulfonate group is
attached tWOHE A8 ati ¢ nucl eus and the netal is sel egi“é' SER18/p0770
lithium sodium or potassiumand m xtures thereof. In general,

sui t abl e nononers are 5-sodi osul foi sophthalic acid and salts and
esters of the same, 10in particular, the diethylene glycol diester of
5-sodi osul f oi sopht halic acid., _ Additives to the conposition my
conpri se aboliringdie ninse SEPFapsipg Rhlvatc corprsjontte selisgate nmalge PyHng e mnent

of an al kal i i i k i I .0l j .
anmoni um hy r‘%ﬁ.°§§ﬁéﬁg‘{‘é§&%§eﬁl§§ﬁ?§% g)@?é%?ﬂ: g%%%fag%ét{?%%?%%ﬂ?%ﬁ fs residual
anmoni um hy detripgied eN$ Tirdfddyantst a2 nsedtit g [FPEineninUfearhiya aduam eof dikRvill and

benzyltrinethyl 1 moni um hydr oxi de T VA am nes su as

e et hyl ene. Gebts R R AR Rnl i 08 o P SRR RL AR CARb AR,
NDNOI SOPrs0padhalvasite) ContathipbiieOtha LW, ovRHRIWARE Sipper iRt ﬁi?rﬁ trig@Er electrical
al koxi des such as potassiumtertiary butyl hydroxide (KTB), .

al kyl - sul f orfhertingiapd lead éha fee. pangea0eytfpgtants ercupmsiathers isimegvdar ¢ flesione
(TSA), and : j ' ] i a0f atty
aci ds, sul f%@g&g@pg %{&tg rt??lg}oggwthgﬁ%ﬁosp ri tco tié%?ﬂlg;gusgé\an?ﬁﬁ%bi tor
defined as dmggwamuixingendgpreadihg causabwimentasy deadspsts b thre paneils whivhy

i ncl ude chel atjn o exi or reducing.agents, €O i Sing O or
e of ¢ ho T8 ARFAL brrHont AR CRBAS GPEB Ryal ST nE de e
cat echol10 t rimazisd @sided tirdaghodiing With Aduds] sdVeasssal 8Sisoprshndl {Ph).or

el emental si)jcates, ethylenediampetetr etic acid, . i
di et hyl enet r4 ‘&?ﬂ“ﬁ%ﬁ%?ﬂ’é%%@t‘? focomiSd Py sevaral FPDRaclIers it bath cxpensive
2, 4- pent anedin@RqlaninfBURY Aga8digar s, hydroqui nones, gl yoxal,

sal i cyl al dehyde, acids such as citric and ascorbic acid, ) )
hydr oxyl ami nes, dmexgdhp Ppgdaaccardinglysiar feprevadistrinping eompesitions whish gill
nore of the el i A L C - -

nonyl et hoxy apaethd BidcBlokitpisl Al itV AY SfOfHth: BOGDR A e
phosphatlé esmderyingmetalurgyidnengsnsingeith [distitied) dtedized,str deminerdtized
additive 30 can b ré‘gesgntc' n &n anount of lfro‘r/\r%q@%ﬂ 0.1 weil%ht.
percent to about R R SN £OUEIRE, fi5sqlVime,ling. opREe METRE oyt
50 wei ght pehesitfacesahroalioit te. édtiveirgdiiss. PRIreheT) lordwaing it ves e Qrvaieih -
The conpositjon may al so include . an, inhibitor which acts as a
protecting & Wt‘-‘“#‘érmﬂ?éfeéﬂ’bag T hfiRe (BRBos i 6 Protrss ahihp psgpiated

i nclude cheldbhRfties SRITROL NI wAl relEUTINMIBUCRE Sse AR SHiAoONE OF
nore of the known varieties, including benzylic hydroxi des such as

cat echol20 t Miagarépussubstancera Zicerdingiorthe dwerighioShsnded Sociami Grekry|  or
S5el emental skl | ¢ . Lamn [Me I

ai et yl enet 11 S R e W AR D PR MRS 0 gefine  grpen

2, 4- pent aneahemmsiryr educi ng sugars, hydroqui nones, glyoxal,

sal i cyl al dehyde, gﬁ_jatty. aci ds] such as citr.ic .angI %scor[%' c_acid,

hydr oxyl am nes, Sf>JEAPY Of ROIYIRFEC SURRABSTS P SHEroslactinig b“‘faélof’ﬁéesems
present i nveatduwandreympel B ¢Hallkntle irfithé Chdubtey. aWhaRtorkdned dibicbteic o8 usdd,
nore of _the known varieties, Jincluding nonionic¢ nonyl phenols and

nonyl - eRox st 54 contimyipg peed dprproesssss and eprpRsitigng yhichypaobrised to
phosphat e estgétively2BvotkG el | i
Contact is madet 'Ee 8»3rt@ he subsl?ratgt% ?%@IB? ﬁgsgtigﬁln%gg? tgl;é ﬁxéfhgrﬁggta Plted matenial
submner si on dionuiie podesl yengasubsttpier lacpsesof positive photseésants, thené 5 a similar and
manuf act uri . SPj ting | he 1 h of.-choice used to appl
Coat i ngs 1 o odtrRRgheER B bRt el B bRP e A SR it € ppl B
spray-spi n coatraregvitwdt ddidierimnaficay td aljadenr gaalsioitsies aF@aliRsn the dakdf
manufac# ring. .In all cases, the objective }s to apply the .
Conposi D on PPERYS Rl PPLOFS st Hiesgme agrpetisior BKP«S?%%&“"NBMPBPP?‘}S tRost
coating applkieaiveBemavEpdtpneekafd sWbdtitetwitNdIaeHGR Plectd®d 5T Y-

metal features. Although all of these materials are organic in origin, their chemistry is
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may i mredi ately proceed. Heat application nmay be conducted

t hrough several paths. For manual operations, a sinple hot-plate may
be used. THOSLHEGME+ es the substrate to be noved from JKEYSBEAOPE t o
another. In situations where automation is of interest, the wafer 15
may remai n stationary while heat is applied using a base-chuck or an
overhead IR convection source. Exact ergonom cs and | ogistic concerns
wWith respect to controls and throughput can be readily determ ned by
those ski | | ediffeigntand pagsents uniggoFhajlergeg that @nsebe dnerqomepie prdeetst difegt the
regime is fo osition and organic resin may be renoved
by rinsing Véeltsﬁ&?éieanﬂgreﬁﬁggem either in an agitated batch or by
direct spray 20cdWhietherchibe dedireitp pddresschmeanivhl ads dforfdnic substemdes on
function by i nt.ai ni ng a. sol venc%l envi ro ment }gnen used o am)rphous
b gani o subsPhBHGUEtOPoREoR ST 65 N b HRIBRG: 6 BSPE Bosr it nost
or novol a&c Vsaphstdd®y-a thdl ﬂﬁ&hwﬂﬂéﬁﬁle&?ﬂd%&@smf@ rnSig WilhORser,

i ncl ude noderate tenperatures up to 150 degrees C, a_ conposition

whi ch 25contithesit deleterpys; qtt?ﬁtSé@ﬂetsubseem éfhemeaamtngmgr@pbasls/&mhe
t d
condi 11 ons CHeREIAbUES BATIRATEE wrcef (00 A PAOSHRR AT Blrah IR,

t enper at ure reqllaqmgihd us&sﬂ]chemxsny,cmtduc@cmgdhﬂgéﬁetMm of bdzatdoas waste.

phot or esi st nto proceeds rap |l eti

Addi 11 ves s &% HARRER pd BB B PSR el 1 b Resrboify spe
used to IancMnuxteastaepxgead wigishihies cwmfadskuﬁﬁ:l@Iogmaﬂexhaktadr)(dependxﬁg-ﬁ%n the
degrees Q) ph%%ore5|sts Advant ages_in using additives contained

within the SEFPPRAISE necsiHebtemmspe palymener raidus ipdiegomavesth yhishpreddes
rates due tfgSaRRinbydensi trﬁgé%ﬂpwk%tteﬁ RIcRELEN §ila Alhhde cbHBF

i nhibitors protect expose tal during the sfripping and rinsing
st eps. owngfsfiti ¢ al kanol ami ne conpounds are preferred for

al kal i ne saponifying and enul sification of the positive-tone
photoresists, to include one or nore | ow nol ecular 5 wei ght

candi datlés, Smmx&ﬁlﬂzin@@et hanol ami ne (MEA), N-(2-am noethyl)

et hanol am ne (AE nono m ne or di col am ne
(DGR - and conbi Al EHERTHL PRiSPRAE fp BEpBSereieatidn gy o LorpagRaion for
acrylic photcsginicokgadic @snﬁlﬂ:bﬁdmb@@ﬁxﬁ@ﬁtﬁra&@b&hﬁhﬁeg are the candi dates
to be renoved, the conposition wl reqw re a strong al kali, nanely,

a quatenary hydr @&Plyent W'éﬁ“r%?/ﬁﬂc’tﬁtﬂéean or al koxi de. 10Sinilar to the
review gi ven her e, {6 §FRME B8 603 dhRGSC a0, mefaﬁ @&9@89&#4' ons

al so apply for renmoval of negative i soprene (rub resi st and

negat i védepasophihgly: &id diesigh o1 o Fembigetiontbergel \Mharettuevlébrrﬁmgduw Br the
P oot EHAER 6 e AR WAL E R b fay AAEhoAG Yol fifrur, 36 ER04

I n conposition I's dependernt upon i UTESY

negat i ve-i s@ptassian antltmmthmlweqfat a;wlargﬂt%pffcgbaa@er@rmmmj ar) 15and the

cross |inked rubber does not .respgnd to al kal.is a
Rubber phot or esi %‘t% ﬁls e’ﬁf%??é‘tcgeg ‘f%t?i}&rﬁfgupaﬁ?aﬁﬁvmfﬁﬁeﬁyné cg)éciofﬂs
such as dodeleey}hﬁﬁﬁ:@ﬁibl Sﬂétﬁﬂehélgl?@dlqaroﬂr_yﬂén Gl Idt@hﬁ&@@tyd@n@ﬂ@r&ﬁén
the chem stry is hydro polar) and Ii e the rub

phot or e¢Pst §'eﬂt)ﬁ"é%eeg]3é‘39£t“§wl %f"%’od@@YWBF gtyegldwd ethsr, é‘l“ﬁb)rl?@ glyged propyl
preferred SygfefMHyien? r(;,?y]leﬂfépr ty%,g [ as
met hanesul foni ¢ 2 2 %‘é(% or s%%%%cglygﬁ eéggﬁ%@ghg%tssﬁtaéf £
contain the wat elﬂnsﬁieutrhbotimnmirmncemsm dompiositivatfer rpmopieg organisiresin from
fol l owi ng di the h tor esi st. EXAMPLES The invention is
further ill ﬁrgct%gm?é%l%&ré% ﬁ? itation, by the follow ng 25exanpl es.
Al | percentages gn u@anﬁrselvbzyt oneiiginte dfrsbﬁvsﬁts@th%ighs% oF P61 db0ae0. 540

t hese exanpl es, é@e érrg(?surerrent of performance and selectivity of the
i nventi i @b 340k using practices readily accepted by the

industry. In suchnfeas8sifordRAGHLEBMihdIRk SRIE nfi¥al QPRI HaR! salllof h BSFRRSlIC
acid diester, or a combination thereof where the sulfonate group is attached to the
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WO 2010/ 110847PCT/ US2010/ 000770 following itenms in Table 1 represent
the organi c substances to be renoved, their preparation nethods, and
t he sour ceWORPWMAIGHT ch they were procured. Table 1: Li SICTES2QPHRIE
Resins Used to Denonstrate the Invention. Exanple. :g. cic Material ,
..... ". -..10_. .. . Type .,. escriptiori/Mnufactnrer. | Phost
Solid resin worked up as liquid Arorp Anorphous, positive Equal
quantities as 1:1 w ww % P85 and P85Wresin (Hydrite Chem cal Co.,
Brookfi el d \Ar9matigingigighs,and the mptalisselegted St hiyusn spdjumpongpiassism aog| i d

L5 v R A PRy sl quant s
at least one additive which enhances cleaning performance at a weight % of
from about 0.01% to about 99.0%,

5 wherein the solvent is selected from the group consisting of ethylene glycol,
diethylene glycol, triethylene glycol, propylene glycol, diethylene glycol ethyl ether,
diethylene glycol methyl ether, diethylene glycol butyl ether, diethylene glycol propyl
ether, ethylene glycol propyl ether, ethylene glycol buty! ether and mixtures thereof .

Yet another embodiment concerns a method for removing organic resin from
10  inorganic substrates comprising:
i) coating said organic resin with a stripping composition,
it) heating the substrate to a temperature and for a time sufficient to achieve
dissolution of the organic resin, and
iit) rinsing the substrate with a volume of a rinsing agent sufficient to remove
15 the composition and the organic resin,
wherein said coating resulits in a layer of stripping composition on the
substrate that is about 1000 microns or less.
Another embodiment concems a method for removing organic resin from an
inorganic substrate comprising,
20 (1) coating said organic resin with a stripping composition,
(i)  heating the substrate to a temperature and for a time sufficient
to achieve dissolution of the organic resin, and
(iii)  rinsing the substrate with a volume of a rinsing agent sufficient
to remove the composition and the organic resin;

25 wherein said coating comprises spray coating, spin coating or slit coating.

Detailed Description of the Invention

The present invention provides stripping compositions and methods, which
quickly and effectively remove polymeric organic substances from inorganic
30  substrates, from metallic, non-metallic and metallized non-metallic substrates. In an
embodiment, the stripping composition comprises a water-soluble monomer and
various additives, which effectively remove organic substances and their residues of

12



Schenect ady, NY), dissolved in PGQVEA* as 20wm % solids 3 Acrylic
Dry-film Thernoset, negative Shipley GA-series (GA-20) renoved and
appl i ed di WOWIWHAM & Haas, Inc. Marlborough, MY 4 FSITHSHIGE00770
Li quid Thernoset, Non- photoactive PI-2611 (HD M crosystens, Parlin,
NJ) 5 Isoprene Liquid Thernpset, negative SC- Resist (Fujifilm

El ectronic Materials, North Kingston, RI) 5 *PGVEA: propyl ene glycol
mononet hyl ether acetate \Were applicable, the organic substance is
appl i ed in tthermepkses oighermaseidtaiurg that camprisa ghedbags dovdlebrieting gecrogipnaits
CB- 100 coat : ' St a : I he liquid
form of theqég yggpghgﬁg%ﬁgpﬁ%o? %%g?ﬁ%?égﬁggp%%&%t?%%é#m%g%e t he

mat eri al i s oagbeitipn bbtoitse sibsirate,heatirgothe subak#®e 1 2 gpekdic tampdrate f60sec

hot pl ate bak t 10Q..10degrees C,. For. negative Acrylic resist,.the

ot et a1 i o ByagECRR 20T eyedtissoRiiat Shie S G b LaTe 4 daishing

em ttingsat Bgbrmo¥arbfahe l@y—ﬁioﬁl{gctﬁyﬂﬁﬁmgavid%sﬂfg dbedt? W wats, ThO'
(0]

an excessive period of 30mn. oW ng exposure, the wafer was
post - exposurempariien ard methpd worletogetherdo previdenekiormanes apd piherdesived t i me

Gomen 9. Al SR P LRSI e o0
Although the organic substances to be removed may be cured to a hard and
chemically resistant framework when exposed to the customer's process, the invention

10 is found to maintain acceptable performance.

The compositions and methods have particular applicability to semiconductor
wafer fabrication, for example, in the removal of organic films and residues from
semiconductor wafers. Such organic substances are present, for example, on post-
etched wafers during front-end processing or in back-end wafer-level-packaging

15  during a wafer bumping process. The compositions and methods are particularly
suitable for the removal from wafers of hard-to-remove materials such as full-cure
polyimide and dry-film photoresist residues.

While the present invention provides stripping compositions and methods
which can effectively remove polymeric organic substances from a substrate, it is also

20 adapted for removing photoresists that include positive-tone of both novolac (i.e.
cresol formaldehyde) and polyhydroxy styrene (Phost), negative-tone varieties to
include acrylics, isoprene (i.e. rubber), and epoxy (i.e. SU-8™), as well as dielectrics
to include polyimide, polybenzoxazole (PBQ), and bisbenzocyclobutene (BCB). The
stripping compositions and methods can also remove other photoresists, for example

25  multi-layer photoresists and chemically amplified photoresists. These organic
substances are employed in the fabrication of substrates, for example, the electronic
devices on substrates such as wafers or flat panel displays, which may include various
layers and structures such as metal, semiconductor, and the associated organic
materials. Typical substrate materials include, for example, semiconductor materials

30  such as silicon, gallium arsenide and inditm phosphide and sapphire, as well as glass

and ceramic.
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15experiments in Exanples 2-5 are all conducted identical to each

ot her using the same wafers and handling practices. Each wafer is
staged i n YRSMWHI84St ati on where the invention will be FSGHBREMORTEY.
Conpositions of the invention are prepared ahead of tinme and al so set
aside. The invention nethod is tested by applying the conposition of
interest to a portion of the wafer surface. The wafer is then

i mredi ately 20transferred to a hot plate which has _been preset at the
desired processi nijhensiprdhaterine water-dissipatableher Weat@rdispsrside” is pecdl ip Hais
hot pl ate, Lok Al L i r . i i

has expir ed,adetg%rgﬁ%/\)g’f“ewlrgé lrnlcla%{)s\?ﬁe@ tg(r?\%eﬁ tmred?ch @’( gffﬁﬁ%gg'l 2%/‘\'}%tg ﬁﬂ sbihifEn
distilled, dmitbamedne(Codponerdi)! Tiradmestspecificabinistendedio borter kiwse The

ri nsed wafer .ti S obz&rved an{j set asi del‘é.o %r%/ Addig}i (anal th

obser vat i ons" PP JBSIFTLA ¥ 45K 8T FRERTT SRR UL RAET RIS PR ases,

i nt r oductsi omeé&foridi eaf@iaptRfeinasl/ethatmesighy t he addition of a prenmade
stock solution. These stock solutions were conprised of a hydrophilic

sol vent ( Conponentt¢AJMEnatrigPiRgt-creraying} andyiclapaingr atsiuspbinisrehapeesply
water di ssi Rﬁltoﬁgllcﬁlt EH?@EIHE%(: SHTARERLe, Ble te&@‘s%ﬁgﬁ?‘r‘r@meas,%dmr e
sel ected fromvarious 10 nultifunctional sulfonononers containing at
| east one neckkning cémpesikon)ranrigsed interchangeabdy. abhetennmiicdating Lig [defingsl aslaat

are water sq fer ] rsi i SSi bl e.. .
et erm ned daciRaiefbopthf s B bR Rl MR Ll B Ghdacne it
nmonomer 1ion wahtirg) or iducihsing Mhiretesnaffédmitel H'cdatiogiinare asedhimes-hakgebbled The
the art and.i ude such pononers as t | ithium and sodi.um ts of
il ot iyl eno. GPORTEHS Bt S SR o BeatiedAn BNIA P D e PRSIE A i

gl ycol di estyhirl. 041l Rmge roineRlivahl comBintble # 4 or@érestdt Shefe it is clear

5-sul foisophthalic acid, aryl diesters of 5-sulfoisophthalic aci d,
and 5- sul f dhaspshmamsrcakianges ary spostrapgioaadd up il Qide The fegm owt’

phenol sul f onaLas wefthk ﬁ'feﬂ Sayhd Bﬁ@%%ht e components of the strfpp(i:n(%

?&Xéﬁ‘?ﬂ
aryl oxybenzenesul f onates. The solvents chiosen were ethylene gl'y
di et hyl dife gloypotition, unkeshethemaseghgicated. propyl ene gl ycol, di et hyl ene

20 gl ycol nethyl ether (East.na Sol vent).. djiet.hyl,ene,gl vcol . et hyl
cther (Bast mmn’ D BSTUSREOTE & I PRt ish e R R R 06 v

DP Sol vent) instggtihigbenste ¢ y bath olf tHeyompbéigsn {dcaslingpo thBprSany BRéntion or
et hyl ene gl yco | et he East man EP Sol vent),. and et hyl ene

gl ycol butyIP‘@JF%E{Y%EE’H%ﬁ%%EED@B?W%a PAng ‘E&%“e‘@ﬂ’igﬁ@“’s“‘(‘ te. _O“_CE
sol utions V‘Qﬁ@s&&fﬁ‘ﬁé@'ﬁsﬁﬂmﬁ%&d ARGE cBhp bt M RIERImpyaHion 8 3pMibd Bad i ngs
at 10, 20, and 25 30 wt % solids. These stock solutions were prépared
by addi #§ t Isevars|og&pats.itie entirg asa-hsatingorfdle substsate hegins. ok rapid xalg ofr |

d , . . - i
condenser . gl dch 9 EHPRLHES ARASLHE 1s FIELARRE AN PRS o AUBHefl

t he nmononer was en a m xture was heate th agitation
until the solftimeodligamtivtlyathabath ithevhicithe subishiate ideiboergedicpeldda  of
the cleaning_ ¢ Ltion b ight % of 30 the conponents and the

cl eani ng. comtiErmAL e fesbe PPl Rineite 1 BBTRE PR ottt

Er ocess. | Thdollewdt byGE drgiing st%a%ewmhah@i dsiEprmtiiab i@bl\i&hflﬁe)e::(6$ﬂﬁtindtesi n
y visual inspection, "Not, an' nmeans partial renoval of .

phot or e?isst SF%%i“ﬁ‘“S{)]” the<aajing, “2‘6&‘6%%1‘%5'&7 PE15e9hR541py 8 ferpg rinsing

i nspection, 38 iMiRdeNARARIvelPRRRh Fndvad tHeabipBsilibfhndX RIS bet
resin was attacked under process conditions by visual inspection.

Sol uti ons ofstripped. sExAniMessfirinsE agpats Hicldn patencacelions asopdipyt eleghad ind
5-sul foi sopht.bal i acid (1) in diethylene glycol (DEG are used to
illustrate the invenfion in the foll owi ng exanples. Exanple 3
illustrates the Zmsenbokimdritef the-iswdnfion sopbink ahiethaiomicemysa compasipbe 1
Tabl e 23 ont ai n(% tg)ehresul ts fraoma cl|eani n% st udy .conduct ﬁd for,. .
Novol ac 3Pesfi*CU8E KulE ETaEY AP pEAR PHORISTPPYe REFOR GRS PRPEASIIS
mnutes at 208indefaReG chntadivAGEHS sEIRMEREE ALY TR THRendhRENEINgesSt age

heating anywhere from approximately 25°C to about 400°C or from about 100°C to
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Sol vent 150C for 60s 150C for 90s 200C for 30s 200C for 60s 29.64%
70. 36% 0. 00% Not Cl ean Clean Not Cl ean C ean 15.96% 84. 04% 0. 00% Not
d ean Cl eaWONSIYiM842An Not Cl ean 25.08% 74. 92% 0. 00% C &5/ ¢S280Q00G 1k an
Cl ean 15.96% 38. 04%

about 250°C. Variability in temperature wili depend upon the nature and thickness of
the organic substance. The heating step process time can be from about 5 seconds to
about 10 minutes, from about 10 seconds to about 8 minutes, or even from about 30
seconds to about 4 minutes. Moreover, the entire process time can vary anywhere
5 from less than 15 seconds to 180 seconds, in some cases, from 5 minutes to 10

minutes. The variability in time is dependent upon the material to be removed, its
thickness, and exposure condition. For example, for a Phost or Novolac resin, the
heating step could be from about 15 seconds to about 1 minute. However, for other,
more highly cured resins, the heating step can last from about 2 to 4 minutes or even

10 longer. Once the diffusion of the organic substance is complete, rinsing with a rinsing
agent such as distilled, deionized, or demineralized water may be performed.

Rinsing is facilitated by the presence of the water-soluble monomer in the
composition. This monomer performs as a carrier system for the organic substance to
be removed from the inorganic substrate. The rinsing agent used for rinsing can be at

15 atemperature of about 5°C to about 100°C. However, rinsing can also occur at room .
temperature and performs two objectives, to remove the dissolved organic substance,
and to reduce the temperature of the substrate such that next stage processing may
proceed.

Compositions of matter used in this invention include a major component to

20 be a solvent system of the varieties which include one or more esters selected from
the group consisting of structures (I) R-CO;R,, glycol ether esters of structures (II)
Rz-CO;CH4(OC;Hy)a-OR3, (II) Ry-CO2C3He(OC3Heh-ORs and (IV) RgOCOR 5,
alcohols selected from structures (V) RgOH, (VI) RyOC,H4(OC;H,),0H, (VII)
R100C:Hs(0OC3He),OH, (VIII) R;1{OC;Hy),OH, and (IX) R;2(OC;3Hs),0OH, ketones

25  selected from structures (X) R;3COR, 4, sulfoxides selected from structure (XI)
R15sSOR6, and amides such as N,N-dimethyl formamide, N,N-dimethy! acetamide,
and N-methyl pyrolidone, wherein R, Rj, Ry, R3, Ry, Rs, R, R7, Rg, R, Ryo, Ri1, Ri2,
Ri3, Ri4, Ris, and Ry¢ are independently selected from hydrogen or C; — C)4 - alkyl
groups and n represents a repeating unit ranging from 1 to 10. Further, suitable

30 solvents include, but are not limited to ketones such as cyclohexanone, 2-heptanone,
methyl propyl ketone, and methyl amyl ketone, esters such as isopropyl acetate, ethyl
acetate, butyl acetate, ethyl propionate, methyl propionate, gamma- butyrolactone
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46. 00% Not Cl ean C ean Not Clean Not C ean 25.08% 59.92% 15. 00% Not
Clean Clean Not Clean Not Clean | - Sodiumsalt of the diethyl ene

gl ycol di e¥P2p105{10887 sy f 0i sopht hal i ¢ aci d DEC - Di et hy F&TAISGINEH77DE
Sol vent - Diethylene glycol ethyl ether 15 Exanple 2 Table 3 contains
the results froma cleaning study conducted for Phost resin coated as
described in Table 1. Resin was cured for 15 m' nutes at 200 degrees
C. All cleaning conpositions are conprised of wt % sul f opol yester

24 wt % DE 20BE&Dshy! 2- wdmypﬁ@lq*@we(mhwhl@ctm (ﬁn)o @iéﬁrlr?gh)&ﬁwr? -gethydf
cl eani ng. st 242 aErs o0 gl UL IREIA MR ES: ¢
WO 2010/ 110WWW@%?WBME&@RE pﬁ)p&oiatﬁ; ctopl I- M%vpﬁrm@iﬂs methyl 3-
Condi ti ons lc-:th|:<)>|)5\()?;J plxz')o%losn%ltev %%Ehy}g%vgtgran %y}gg%vgtg ethers and glycol ethers such
5  asdiisopropyl ether, ethyleneglycol monomethyl ether, ethyleneglycol monoethyl
ether, and propylene glycol monomethyl ether (PGME), glycol ether esters such as
ethyleneglycol monoethyl ether acetate, propyleneglycol methyl ether acetate
(PGMEA), and propyleneglycol propyl ether acetate, aromatic solvents such as
methylbenzene, dimethylbenzene, anisole, and nitrobenzene, amide solvents such as
10  N,N-dimethylacetamide (DMAC), N,N-dimethylformamide, and N-
methylformanilide, and pyrrolidones such as N-methylpyrrolidone (NMP), N-
ethylpyrrolidone (NEP), dimethylpiperidone, 2-pyrrole, N-hydroxyethyl-2-
pyrrolidone (HEP), N-cyclohexyl-2-pyrrolidone (CHP), and sulfur containing
solvents such as dimethyl sulfoxide, dimethyl sulfone and tetramethylene sulfone.
15  Although these organic solvents may be used either individually or in combination
(i.e., as mixtures with others), the preferred solvent system should contain diethylene
glycol (DEG, Eastman Chemical Company), diethylene glycol monomethyl ether
(DM Solvent, Eastman Chemical Company), diethylene glycol monoethyl ether (DE
Solvent, Eastman Chemical Companyy), or diethylene glycol monopropyl ether (DP
20  Solvent, Eastman Chemical Company), diethylene glycol monobutyl ether (DB
Solvent, Eastman Chemical Company) or mixtures thereof.

An embodiment of the composition includes one or more solvents at about 0.5
weight percent to about 99.5 weight percent. In one embodiment, the solvent is
present in the solvent composition at a weight % of from about 40% to about 97% or

25  ataweight % of from about 60% to about 90 %.

In an embodiment, the composition also contains a monomer, which exhibits
the property of water solubility, water dispersibility, or water dissipatability present at
about 0.5 to about 99.5 weight percent and derived from, but not limited to, is selected
from multifunctional sulfomonomers containing at least one metal sulfonate group

30 attached to an aromatic nucleus that are water soluble or water dispersible or water
dissipatible determined to be at or greater than 0.5 weight % concentration {i.e.
monomer in water) and the metal of the sulfonate group is Na, Li, K, and mixtures

16
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thereof . The composition includes of one or more of these said monomers at about
0.5 weight percent to about 99.5 weight percent. In one embodiment, the monomer is
present in the composition at a weight % of from about 2 to about 59 or at a weight %
of from about 5 to about 35.

5 Examples of water soluble monomers are selected from metal sulfonate salts
of isophthalic acid, metal sulfonate salts of a isophthalic acid diester, or a combination
thereof where the sulfonate group is attached to the aromatic nucleus and the metal is
selected from lithium, sodium, or potassium and mixtures thereof . In general,
suitable monomers are 5-sodiosulfoisophthalic acid and salts and esters of the same,

10 in particular, the diethylene glycol diester of 5-sodiosulfoisophthalic acid.

Additives to the composition may comprise about 100 parts-per-million
(ppm) to about 99 weight percent of an aikali or acid of organic or inorganic origin to
include ammonium hydroxide, quaternary hydroxides such as tetramethyl ammonium
hydroxide {TMAH), tetracthyl ammonium hydroxide (TEAH), and benzyltrimethyl

15  ammonium hydroxide (BTMAH), amines such as triethylene tetramine,
alkanolamines which include monoethanolamine, monoisopropanolamine,
diglycolamine, elemental hydroxides, or alkoxides such as potassium tertiary butyl
hydroxide (KTB), alkyl-sulfonic acids such as methanesulfonic (MSA),
toluenesulfonic (TSA), and dodecylbenzene sulfonic acid (DDBSA), formic acid,

20  fatty acids, sulfuric acid, nitric acid, or phosphoric acids; an inhibitor defined as a
protecting agent for substrate composition which may include chelating, complexing,
or reducing agents, comprising one or more of the known varieties, including benzylic
hydroxides such as catechol, triazoles, imidazoles, borates, phosphates, and alkyl or
elemental silicates, ethylenediaminetetraacetic acid, diethylenetriaminepentaacetic

25  acid, mtrilotriacetic acid, and 2,4-pentanedione, reducing sugars, hydroquinones,
glyoxal, salicylaldehyde, acids such as citric and ascorbic acid, hydroxylamines, or
vanillin; and a surfactant consisting of one or more of the known varieties, including
nonionic nonyl-phenols and nonyl-ethoxylates, anionic forms that include alkyl-
sulfonates, phosphate esters, and succinates, and fluorinated systems. The additive

30 can be present in an amount of from about 0.1 weight percent to about 95 weight
percent, about 1.0 weight percent to about 50 weight percent, or about 5.0 weight

percent to about 35 percent.
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EGSI PA di ester 2Q’Jontact is made to the substrate by the composition via bath submersion or
using a coating practice. In microelectronic manufacturing, spin coating is the

15 method of choice used to apply coatings to a substrate. However, other methods exist
to include spray-spin coating and slit coating for large substrates as in FPD
manufacturing. In all cases, the objective is to apply the composition in a manner to
achieve complete coverage. Normally, most coating applications are concerned with
a high degree of uniformity. In this invention method, a thickness shall be

20  established, typically on the order of a maximum value of 1000 microns (1 um=1 X
10°° m), but some cases where the organic substance is very thin, the composition
thickness may be smaller. In one embodiment of the present invention, the coating
can be up to about 800 microns thick, between about 200 to about 600 microns thick,
or from about 300 to about 400 microns thick.

25 Common practice for spin-coating the composition for this invention is to
dispense the material at the center of a substrate, and operate the equipment at a low
rate of circular motion speed (i.e. less than 100 revolutions per min, rpm). Liquid
delivery may be done by a static method, whereby the fluid will "puddle” onto the
surface. A dynamic method may also be used where the material is dispensed when

30  the substrate is already in motion. During the early stages for a new process set-up,
the exact conditions of rpm and time may need to be established in such a manner to

ensure complete coverage of the substrate with minimal or no waste. There is no need
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5  properties and produce different coating results. At low spin-speeds, fluid mobility
will be low with minor material loss, however, irregularities in substrate coverage
may also occur. Alternatively, high spin-speeds will result in high mobility and high
material loss. Although spin-coating is a standard practice in the industry, experience
shows that thick coatings of acceptable thickness uniformity may be achieved with a
10  spray-coating practice. Once the coating is completed, heat activation of the process
may immediately proceed.

Heat application may be conducted through several paths. For manual
operations, a simple hot-plate may be used. This requires the substrate to be moved
from one location to another. In situations where automation is of interest, the wafer

15  may remain stationary while heat is applied using a base-chuck or an overhead IR
convection source. Exact ergonomics and logistic concerns with respect to controls
and throughput can be readily determined by those skilled in the art of tool design.
Once the proper heating regime is followed, the composition and organic resin may be
removed by rinsing with a rinsing agent either in an agitated batch or by direct spray

20  contact.

The stripping compositions of the invention function by maintaining a
solvency environment when used on amorphous organic substances such as positive-
tone photoresists of the Phost or novolac varieties. In such cases and when exposure
conditions include moderate temperatures up to 150 degrees C, a composition which

25  contains the minimum constituents, including the solvent system and water soluble
monomer, is coated and processed at the conditions of the invention method. When
heated to a sufficient temperature, rapid dissolution occurs and diffusion of the
photoresist into the composition proceeds rapidly to completion. Additives such as an
alkali agent, inhibitor, and surfactant may be used to facilitate good results with

30  highly baked (i.e. >150 degrees C) photoresists. Advantages in using additives

contained within the stripping composition may include improved dissolution rates
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due to saponifying cross linked photoresist while the inhibitors protect exposed metal
during the stripping and rinsing steps.

Organic alkanolamine compounds are preferred for alkaline saponifying and
emulsification of the positive-tone photoresists, to include one or more low molecular
weight candidates, for example, monoethanolamine (MEA), N-(2-aminoethyl)
ethanolamine (AEEA), monoisopropanolamine (MIPA), or diglycolamine (DGA),
and combinations thereof. In cases where a negative-tone acrylic photoresist or a
cured thermoset polyimide are the candidates to be removed, the composition will
require a strong alkali, namely, a quaternary hydroxide, metal hydroxide, or alkoxide.

Similar to the review given here for removing coatings and residues
compositions also apply for removal of negative isoprene (rubber) resist and negative-
epoxy (SU-8™) photoresist. As we have determined for the positive photoresist and
negative acrylic and polyimide, the choice in composition is dependent upon the
material to remove. For negative-isoprene, the chemistry is hydrophobic (non-polar)
and the cross linked rubber system does not respond to alkalis, only acids. Rubber .
photoresists require aromatic solvents and hydrophobic acids, such as dodecylbenzene
sulfonic acid. For negative epoxy photorest, the chemistry is hydrophilic (polar) and
like the rubber photoresists, these systems also do not respond to alkalis. The
preferred system is one which incorporates hydrophilic acids such as methanesulfonic
acid (MSA) or sulfuric acid. These systems all contain the water soluble monomer, to

facilitate proper rinsing following dissolution of the photoresist.

EXAMPLES

The invention is further illustrated, without limitation, by the following
examples. All percentages given are by weight unless otherwise specified. In these
examples, the measurement of performance and selectivity of the invention is
conducted using practices readily accepted by the industry. In such cases,
measurement is made by o.ptical microscope and where necessary, the use of etch rate
determinations by high sensitivity gravimetric reviews on metallic substrates, and
where necessary, more detailed studies were conducted using scanning electron
microscopy (SEM). In the following examples, silicon wafers were used as the
inorganic substrate upon which the organic substance is applied and cured. The

20
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following items in Table 1 represent the organic substances to be removed, their

preparation methods, and the sources from which they were procured.

Table 1: List of Organic Resins Used to Demonstrate the Invention.

Solid resin

Equal quantities“as: 1:1 wiwwt%
PB5 and PB5W resin (Hydrite

1 Phost worked up as Amg;ﬁ?\?:s’ Chemical Co., Brookfield WI),
liquid P dissolved in PGMEA¥* as 20wt%
solids
Solid resin Equal quantities as 1:1 w/wwi%
2 Novolac | worked up as Amorphous, | Rezicure 5200 and 3100 (SI Group,
liqui dp positive Schenectady, NY), dissolved in
q PGMEA* as 20wt% solids
Shipley GA-series (GA-20)
3 Acrylic Dry-film Thermgset, removed and applied direct, (Rhom
negative
& Haas, Inc. Marlborough, MA)
+ | polyimide| Liquid Thermoset, | PL2611 (HD Microsystems, Parlin,
photoactive N
5 Isoprene Liquid Thermoset, SC-Resist (Fujifilm Electronic
P q negative Materials, North Kingston, RT)

*PGMEA: propylene glycol monomethyl ether acetate

Where applicable, the organic substance is applied in the manner of a coating

utilizing a Brewer Science, Inc. CB-100 coater and following standard protocol for

applying the liquid form of the polymer matenial to the inorganic substrate. Once the

material is coated, it is sent to a soft bake step for a short 60sec hot plate bake at 100

degrees C. For negative Acrylic resist, the material is exposed to ultraviolet light of a

broad-band type emitting at 365nm and of a high exposure dose of 0.12W/cm2-sec,

for an excessive period of 30min. Following exposure, the wafer was post-exposure

baked at a predetermined hard bake temperature and time depending on the resist.

Once the wafer samples have been prepared, they are staged for experimentation. The

experiments in Examples 2-5 are all conducted identical to each other using the same

wafers and handling practices. Each wafer is staged in the work station where the

invention will be demonstrated. Compositions of the invention are prepared ahead of

time and also set aside. The invention method is tested by applying the composition

of interest to a portion of the wafer surface. The wafer is then immediately

transferred to a hot plate which has been preset at the desired processing temperature.
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In all cases, introduction of the monomer was obtained by the addition of a
premade stock solution. These stock solutions were comprised of a hydrophilic
solvent (Component A) and a water soluble or water dispersible or water dissipatable
monomer (Component B). The monomers chosen were selected from various

10 multifunctional sulfomonomers containing at least one metal sulfonate group attached
to an aromatic nucleaus that are water soluble or water dispersible or water
dissipatible determined to be at or greater than 0.5 weight % concentration (i.e.
monomer in water). Such monomers are well known to those skilled in the art and
include such monomers as the lithium and sodium salts of diethylene glycol diesters

15  of 5-sulfoisophthalic acid, ethylene glycol diesters of 5-sulfoisphthalic actd, alkyl
diesters of 5-sulfoisophthalic acid, aryl diesters of 5-sulfoisophthalic acid, and 5-
sulfoisophthalic acid. Other monomers include salts of phenolsulfonates,
alkoxybenzenesulfonates, and aryloxybenzenesulfonates. The solvents chosen were
ethylene glycol, diethylene glycol, triethylene glycol, propylene glycol, diethylene

20  glycol methyl ether (Fastman DM Solvent), diethylene glycol ethyl ether (Eastman
DE Solvent), diethylene glycol propyl ether (Eastman DP Solvent), diethylene glycol
butyl ether (Eastman DB Solvent), ethylene glycol propyl ether (Eastman EP
Solvent), and ethylene glycol butyl ether (Eastman EB Solvent). In a screening study,
solutions were attempted for each of the monomer and solvent pairings at 10, 20, and

25 30 wt% solids. These stock solutions were prepared by adding the solvent to a round-
bottomed flask with an agitator, condenser, and nitrogen source connected. The
appropriate amount of the monomer was then added, and the mixture was heated with
agitation until the solution was obtained.

The tables include description of the cleaning composition by weight % of

30  the components and the cleaning conditions employed to test effectiveness of the
cleaning process. The term “Clean” means complete removal of photoresist resin by
visual inspection, “Not Clean’ means partial removal of photoresist resin by visual
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inspection, and “No Change” means no indication that photoresist resin was attacked

under process conditions by visual inspection. Solutions of the sodium salt of the

diethylene glycol diester of 5-sulfoisophthalic acid (I) in diethylene glycol (DEG) are

used to illustrate the invention in the following examples. Example 3 illustrates the

use of other 5-sulfoisophthalic monomers.

Example 1

Table 2 contains the results from a cleaning study conducted for Novolac resin

coated as described in Table 1. Resin was cured for 15 minutes at 200 degrees C.

Process temperatures for the cleaning stage were 100 degrees C, 150 degrees C, and

200 degrees C.
Table 2
Solution (wt%) Process Conditions
DE 150°C for | 150°C for | 200°C for | 200°C for
1 DEG | Solvent 60s 90s 30s 60s

29.64% 70.36% | 0.00% | Not Clean Clean Not Clean Clean
15.96% 84.04% | 0.00% | Not Clean Clean Not Clean | Not Clean
25.08% 74.92% | 0.00% Clean Clean Clean Clean
15.96% 38.04% | 46.00% | Not Clean Clean Not Clean | Not Clean
25.08% 59.92% | 15.00% | Not Clean Clean Not Clean | Not Clean

I - Sodium salt of the diethylene glycol diester of 5-sulfoisophthalic acid

DEG — Diethylene glycol

DE Solvent — Diethylene glycol ethyl ether

Example 2

Table 3 contains the results from a cleaning study conducted for Phost resin

coated as described in Table 1. Resin was cured for 15 minutes at 200 degrees C.

Al cleaning compositions are comprised of 6 wt% sulfopolyester, 24 wt% DE

Solvent, with the remaining 70 wt% being comprised of two additives as noted in

Table 4. Process temperatures for the cleaning stage were 100 degrees C, 150 degrees

C, and 200 degrees C.
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C 1 DEG Solvent 30s 60s 60s

29.64% | 70.36% | 0.00% Clean Clean Clean

15.96% | 84.04% | 0.00% Clean Clean Clean

25.08% | 74.92% | 0.00% Clean Clean Clean

15.96% | 38.04% | 46.00% Clean Clean Clean

25.08% | 59.92% { 15.00% Clean Clean Clean

I - Sodium salt of the diethylene glycol diester of 5-sulfoisophthalic acid
DEG - Diethylene glycol
5 DE Solvent — Diethylene glycol ethy! ether

Examples 1 and 2 demonstrate the general utility of invention in cleaning cured
novolac and polyhydroxystyrene resins from silica wafers. In the case of
polyhydroxystyrene resin (Example 2), all cleaning compositions were effective in

10 removing cured resin using cleaning conditions of 100-150°C from 30 to 60 seconds.
For novolac resins (Examplel), cleaning required process temperatures greater than
100°C to achieve satisfactory removal of resin although some removal is noted under
all reported conditions. In both examples, it was found resins could be removed by
compositions containing DE solvent. Addition of such solvent could benefit the

15 management of viscosity as needed to utilize the invention in various coating process

steps.

Example 3
Table 4 contains the results from a cleaning study conducted to test
20 compositions containing 20 weight percent 5-sodiosulfoisophthalic acid (SSIPA), 5-
lithiosulfoisophthalic acid (LiSIPA), the ethylene glycol diester of 5-
sodiosulfoisophthalic acid (EGSIPA diester), and the diethylene glyco! ethyl ether
diester of 5-sodiosulfoisophthalic acid (DESIPA diester)as cleaning compositions to
remove novolac and polyhydroxystyrene resins. Resins were cured for 15 minutes at
25 200 degrees C. Process temperatures for the cleaning stage were 100 degrees C for

60 seconds.
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Table 4
Wt%

Monomer Monomer Solvent Novolac Phost
SSIPA 20 Diethylene glycol No Change No Change
LiSIPA 20 Diethylene glycol Not Clean Clean

EGSIPA diester 20 ethylene glycol No Change Clean
DESIPA diester 20 Diethylene glycol Not Clean Clean
ethyl ether

The data in Table 4 indicates compositions of ethylene glycol, diethylene glycol and

diethylene glycol ethers containing lower molecular weight monomeric salts of 5-

sulfosulfonic acid and related esters perform well as cleaning compositions to Phost

resin, but little success cleaning novolac resin.

Example 4

Table 5 contains the results from a cleaning study conducted for polyimide

resin coated as described in Table 1. Resin was cured for 15 minutes at 150 degrees

C. Process temperatures for the cleaning stage were 100 degrees C, 150 degrees C,

and 200 degrees C at various durations of time. Results are tabulated below.

Table 5
Solution (wt%) Process Conditions
DE 150°C 200°C 200°C
I DEG | Solvent | Pyrolle ] MEA | KTB | for 90s for 30s | for 60s
No Not Not
8.89% | 21.11% | 0.00% | 28.00% [ 35.00% [ 7.00% | Change Clean Clean
No Not
4.79% 1 25.21% } 0.00% | 28.00% | 35.00% | 7.00% | Change Clean Clean
No Not
7.52% | 22.48% | 0.00% | 28.00% | 35.00% | 7.00% | Change Clean Clean
No Not Not
4.79% | 11.41% | 13.80% | 28.00% ] 35.00% | 7.00% | Change Clean Clean
No No Not
7.52% | 17.98% | 4.50% | 28.00% | 35.00% | 7.00% | Change | Change | Clean

I - Sodium salt of the diethylene glycol diester of 5-sulfoisophthalic acid
DEG - Diethylene glycol
DE Solvent — Diethylene glycol ethyl ether
MEA — monoethanolamine

KTB - potassium tert-butoxide

25
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10 coated as described in Table 1. Resin was cured for 15 minutes at 150 degrees C.
Process temperatures for the cleaning stage were 100 degrees C, 150 degrees C, and
200 degrees C. Results are tabulated below.
Table 6
Solution (wt%) Process Conditions
DE 2- 150°C | 200°C | 200°C
I DEG | Solvent | Pyrolle {| MEA | KTB | for 90s | for 30s | for 60s
No Not Not
8.89% | 21.11% | 0.00% | 28.00% | 35.00% | 7.00% | Change | Clean | Clean
No Not
4.79% | 25.21% | 0.00% | 28.00% | 35.00% | 7.00% | Change | Clean | Clean
No Not
7.52% | 22.48% | 0.00% | 28.00% | 35.00% | 7.00% | Change | Clean | Clean
No Not Not
4.79% | 11.41% | 13.80% | 28.00% | 35.00% | 7.00% | Change | Clean | Clean
No No Not
7.52% | 17.98% | 4.50% | 28.00% [ 35.00% | 7.00% | Change | Change { Clean
I - Sodium salt of the diethylene glycol diester of 5-sulfoisophthalic acid
15 DEG - Diethylene glycol
DE Solvent — Diethylene glycol ethyl ether
MEA — monoethanolamine
KTB — potassium tert-butoxide
20  Example 5 suggests that cured acrylic resin is more difficult to clean than either Phost
or novolac resin but requires conditions similar to polyimide resin for satisfactory
removal of resin.
Example 6
25 Table 7 contains the results from a cleaning study conducted for Isoprene resin

coated as described in Table 1. Wafers were cured for 15 minutes at 150 degrees C.
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61'r- e-t: - - Pcdtrations_ -, "95 tr, "Aromatic 100 Fluid 2 DDBSA

50:50 Partial Cean Not Clean Partial O ean ' Aromati ¢ 150 Fl ui d
2DDBSA 50: 3YP BUPAI0847 O ean Partial Cean Partial O ean Peroswtiao200

Fluid 7 -DDBSA 50:50 C ean

Process temperatures for the cleaning stage were 100 degrees C, 150 degrees C, and

200 degrees C.
Table 7
5
Solution (wt%) Process Conditions
Aromatic- 100°C for | 100°C | 150°C | 150°C

Solids | DEG 100 DDBSA 60s for 90s | for 60s | for 90s
Some

274% | 3.27% | 56.40% | 37.60% Clean Clean | Clean Clean
Some

6.84% | 8.17% 51.00% | 34.00% Clean Clean Clean Clean
Some

9.12% | 10.89% | 48.00% | 32.00% Clean Clean | Clean Clean

I - Sodium salt of the diethylene glycol diester of 5-sulfoisophthalic acid

DEG - Diethylene glycol

DE Solvent — Diethylene glycol ethy! ether

10 The cleaning compositions presented in Example 6 were desi gned to be

specifically hydrophobic (hydrocarbon) in order to allow penetration of the cleaning
composition into the resin. The compositions shown here represent key conditions

that are necessary to affect proper performance.

15 Example 7
To further illustrate the method of the invention, wafers having a cured
photoresist layer as described above were coated with formulations described in art as
useful for removing photoresist by a typical bath or soaking dissolution process.
Formulations were prepared according to Table 8 and applied to isoprene
20 coated wafer pieces cured 15 minutes at 150°C per Table 1. The wafer pieces were
immediately heated to the target temperature for 60 seconds, and rinsed with water.

The effectiveness of photoresist removal was judged by visual inspection.
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Partial Cean Partial Cean Aronatic 100 F! uid, Aromatic 150 Fluid
and Aromatic 200 Fluid from ExxonMobil Chem cal 2DDBSA -

dodecyl ben?¥A2YB198H ¢ acid 5 Exanple 8 For nul at i easwsEm 000770
prepared according to Table 9 and applied to acrylic coated wafer
pi eces cured 15 mnutes at |150C per Table |I. The wafer pieces were

i medi ately heated to the target tenperature for 60 seconds, and
rinsed with water. 10 The effectiveness of photoresist renpval was
j udged by vi sual i nspect |'5=!ble SMeaon@Eeseaamrnmawnms 000770 Table

9: Ceaning Re
Nel latl A Ati *-‘*_ (ST S ]
PC8.| r. a.l anl 7, T al ot oo e, 't];;'w"""' CER A8 ELARC R b i
' ' Aromatic 100 ’DDBSA . ‘ Not Partial
Fluid ’ Clean | Clean
1 - . T <
Aromatic 150 2 . Partial | Partial
Fimd DDBSA 20:50 Clean Clean
T . - v
Aromatic 200 2 ) Partial | Partial
Fluid DDBSA 50:50 Clean Clean Clean
Aromatic 100 Fluid, Aromatic 150 Fluid and Aromatic 200 Fluid from ExxonMobil
Chemical

*DDBSA — dodecylbenzenesulfonic acid

Example 8

Formulations were prepared according to Table 9 and applied to acrylic coated
wafer pieces cured 15 minutes at 150°C per Table 1. The wafer pieces were
immediately heated to the target temperature for 60 seconds, and rinsed with water.

10 The effectiveness of photoresist removal was judged by visual inspection.
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3VEA (60) HA (40) - -

Water (10)

Parti al

Clean No Clean No Cl ean 4AEEA (60) HA (30 )

Cl ean Parti al Cl ean AEEA( 35)

Clean Parti al

MEA( 25) HAYS@PUNNALUS47 (10) Partial O ean Partial O ean Pactivatoi@boamn
DGA (40) SNMP(20) HA(40) -

10

% e ek B b
o ||| B | o
MEA (60) | HA (40) - . Clean | No Clean CI]‘;‘;H
ween @ | mnco | Vs || | [
ABEAGS) | MEAQS) | HA(30) | Water(i0) | Farial | Partia ol
DGA (40) | *NMP(0) | HA(40) ; Clean E‘:;f}l I(’;’e‘:r‘l'
MEA (40) | NMP(20) | HA(40) ; eortal oral 1(’;::;‘1‘
AEEA(40) | NMP(20) | HA(30) | Water(10) | Clean ‘(’;':::1] CI]:‘;“
AEEA(25) | MEA(1S) | NMP(20) | HA(40) | NoClean | No Clean Ci‘;n
DGA (40) | DMAC(20) | HA(40) - Clean Ciean Clean
MEA (40) | DMAC(20) | HA(40) ] Clean | 52l | Ciean
AEEA(40) | DMACR0) | HAB0) | Water(10) | P2l | o i, i
ABEAQS) | MEAUS) |DMACQO)| HA(40) | Cleam |NoClean| O
DMSO(70) | HA(30) ] . Clean gg;f Ig‘;::l'
DMSO(86) | *DEGEE(6) | AEEA "TMAH Clean | Clean 1;“‘1::1'
DMSO(88) | MEA®6) | TMAH(6) g:;i‘ ortial ortal

'DGA - diglycolamine

"HA — 50% hydroxylamine in water

*MEA - monoethanolamine
‘AEEA - N-(2-aminoethyl)ethanolamine
*NMP - N-methyl 2-pyrrolidinone
*DMAC ~ N,N-dimethyl acetamide

"DMSO - dimethylsulfoxide

*DEGEE - Diethylene glycol ethyl ether
*TMAH - tetramethylammonium hydroxide
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Clean Partial Clean Partial C ean MEA (40) NWP(20) HA(40) - Partial
Cl ean Part| 1 Partial C ean AEEA(40) NWP(20) HA(30) Water (10
dean Partia Z@@%W\b O ean AEEA(25) NEA(15) NVP(20) HAHBY20NHOI7Ran
No Cl ean Clean DGA (40) 6DMAC(20) HA(40)

The data contained in Tables 8 and 9 indicate many different formulations
may be used to effect photoresist removal according to the method of the invention. It
should be noted that high temperatures will cause the formation of a water insoluble
haze or crust in some cases. This can be mitigated by temperature optimization.

5 The invention has been described in detail with particular reference to
preferred embodiments thereof, but it will be understood that variations and

modifications can be effected within the spirit and scope of the invention.
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- Cean Cean Cean MEA (40) DVAC(20) HA(40) - Clean Partial Cean
Cl ean AEEA(40) DVAC(20) HA(30) Water (10) Partial Cean No Cean No
Cl ean AEEA(25) MEA(15) DMAC(20) HA(40) Cean No Clean No O ean

7DVBO( 70) HA(30) -

Claims:
1. A composition for cleaning organic resin from inorganic substrates
comprising:
a solvent or mixture of solvents; and
at least one monomer comprising a metal sulfonate salt of isophthalic acid, a

metal sulfonate salt of a isophthalic acid diester, or a combination thereof where the
sulfonate group is attached to the aromatic nucleus and the metal is selected from
lithium, sodium, or potassinm and mixtures thereof at a weight % of greater
than 0.5%, . '

wherein the solvent is selected from the group consisting of ethylene glycol,
diethylene glycol, tﬁéthylene glycol, propylene glycol, diethylene glycol ethyl ether,
diethylene glycol methyl ether, diethylene glycol butyl ether, diethylene glycol propyl
ether, ethylene glycol propyl ether, ethylene glycol butyl ether and mixtures thereof.

2. The composition according to claim 1, wherein the solvent is at a weight % of
~

from 40% to 97%,

3. The composition according to claim 2, wherein the solvent is at a weight % of

from 60% to 90%.

4. A method for removing organic resin from an inorganic substrate comprising,

i) coating said organic resin with a stripping composition of claim 1,

(i)  heating the substrate fo a femperature and for a time sufficient to

achieve dissolution of the organic resin, and

(iif)  rinsing the substrate with a volume of a rinsing agent sufficient to
remove the composition and the organic resin;

wherein said coating results in a layer of stripping composition on the substrate that is

1000 microns or less.
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Clean Partial Cean Partial C ean DVSO(86) 8DEGEE(6) AEEA 9TNVAH

dean Clean Partial Cean DMSO(88) Inn AA. - | MEA(6) TMAH(6)
Partial Clean Partial Cean Partial C ean 2HA - 50% hydr oxyl am ne

in water 3MEA - nopnoet hanol anm ne 5 4AEEA -
N- (2- am noet hyl ) et hanol am ne 5NVP - N-nethyl 2-pyrrolidi none 6DVAC -

N, N-di net hyl acetam de 7DMSO - di net hyl sul f oxi de

5. The method according to claim 4, wherein the stripping composition comprises:
a. an organic solvent or mixture of organic solvents at a weight % of from 0.5%

to 99.0%, and

b. the monomer is at a weight % of from 0.5% to 99'.0%,

B. The method according to claim 5, wherein the composition further comprises
at Jeast one additive which enhances cleaning performance at a weight % of

from 0.01% to 99.0%; '

7. The method according to Claim 6, wherein the solvent is at a weight % of from

40% to 97%, the monomer is at a weight % of from 2% to 59%, and the additive
is at a weight % of from 1% to 50%.

8., The method according to claim 4, wherein the monomer is the diethylene

glycol diester of 5-sodiosulfoisophthalic acid .

9.  The method according to Claim .6, wherein the additive is selected from the
group consisting of an ammonium hydroxide, a quaternary ammonium

hydroxide, an amine, an atkanolamine, an elemental hydroxide, an elemental

alkoxide, and mixtures thereof.
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8DEGEE - Diethylene glycol ethyl ether 10 9TMAH - tetranet hyl ammoni um
hydr oxi de WO 2010/ 110847PCT/ US2010/ 000770 The data cont ai ned
in Tables 8 and 9 indicate many different formulations nay be used to
ef fect photoresist renoval according to the nmethod of the invention.
It should be noted that high tenperatures will cause the formation of
a water insoluble haze or crust in sone cases. This can be mtigated
by tenperature optim zation. 5The invention has been described in
detail with particular reference to preferred enbodi nents thereof,
but it will be understood that variations and nodifications can be
ef f ect ed wi thi M0 Nanspivthbd acBBing RARID "o, WAGHMERLNONS soididd fiom he
conposition for cleaning organic resin frominorgani c Subst ratmeél
conprising: a sol v&iftp eAnskingaf fegragpthyampenjurs hydoxide, N-(2- at | east one
nonomer conpri si nga,ﬁingagﬁjeghgﬁgﬁﬁﬂﬁéft@m&gﬁmﬂgmm?9&}541@4 ic acid, a

a

nmetal sulfonate salt of i sophthalic acid diester, of a conbination

3

t her eof where the RSEYIBHsthylagimonpm hydgpxidsctiedylens tettaming omat i ¢ nucl eus
and the netal is Sﬁb&ﬁﬂﬁﬁb}“igwohgigup%pﬂn | 51 um and

m xtures thereof at, a weight %of great e?é}?hgﬁmga%lt%g%% wherein
the solvent is sel @eEpBgehmghtdanigrnepyiboraiest.i-gigmiomethpigydehexaiey col |
di et hyl ene gl ycol , pdtdsiifih tdMyArPRRyIBN IS Ride, 2R AR ENB.rsyCOl , di et hyl ene
gl ycol ethyl ether, diethylene glycol nethyl ether, diethylene glycol
butyl ether, diethylene glycol propyl ether, ethylene glycol propyl

et her, ethyl ene glTheadettatbybordighe Cladn &, Nihetcit B8 adohtfe @Qhethalesu DS ¢
j ein the solvent is at a weight

conposi tion accordi clam 1; . whe ] at

% of from 40%to é?&gp'g’?ueﬂﬁgff%’bcrﬁ%jsw??‘{e@ﬂbaéﬁ%F‘ﬂf"ﬁﬁ apig, formif agid

wher ei n the sol venstliirs asi, mtricetidvhodthoefc fcfdur 60%uk e 4. A net hod
for renoving organic resin froman inorgani c substrate conpri sing,
coating said organic resin with a stripping conposition of claiml,
(ii) heating fhe Jbbwiethad cdrging td Ghipe rdatfrther @agrifiog ardnkibire, suf f i ci ent
to achi eve dissol g&r?-aggmcbfr tfe organic resin, and (iii) rinsing the
substrate with a vol une OP a rinsing agent sufficient to renove the
conposition and the organic resin; wherein said coating results in a
[ayer of shi p.NGTRONBAS! kAP i S URLEZES IRk, |, 400, cr ons
or less. 5. The nmethod according to claimi4, erer n the Shi ppi ng
conmposi ti on conpr {eg@sratuge of hefwesn2si Cdo 4@°Gent or mi xture of organic
solvents at a weight % of from0.5%to 99.0% and |li. the nononer is
at a weight %of from0.5%tgo 99.0% 6. The method according to claim
6, wherein t hE"cohsdshedgrcorsing et dhpvhessasthaemperatyte of e riaslug t i ve
whi ch enhances cl gamiismgenpenfpomregeat. a wei ght % of from0.01%to
99.0% 7. The nethod according to Claim®6, wherein the solvent is at
a weight %of from40%to 97% the nmononmer is at a weight % of from
2% to 59% and the additive is at a weight % of from1%to 50% 8, The
met hod according to claim4, wherein the nononer is the diethyl ene
gl ycol diester of 5-sodiosulfoisophthalic acid. 9. The nethod

accor di ng t04£) ai MhelimeNdkrding RRIAAH, tinReid fe SSLACHEH cctrﬁ%g e

positive-tone photoresist, a negative-tone photoresist, a multi-layer

photoresist, or a chemically amplified photoresist.

16.  Themethod according to claim 4, wherein the inorganic substrate comprises

a semiconductive wafer, a flat panel display, or a printed circuit board.
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group consi sting of an ammoni um hydroxi de, a quaternary amoni um
hydr oxi de, an am ne, an al kanol am ne, an el enental hydroxide, an

el enent al al koxi de, and m xtures thereof. 10. The nethod accordi ng
to Claim9, wherein the additive is selected fromthe group

consi sting of tetranethyl ammoni um hydr oxi de, N-(2-

am noet hypet hanol ar ni ne, tetraethyl ammoni um hydr oxi de,

benzyl tri met hyl ar nnoni um hydroxi de, triethylene tetram ne,

nonoet hanol am ne, nonoi sopropanol am ne, di gl ycol am ne, 1, 2-

di am noet hane, 1, 3-di am nomnet hyl benzene,

1, 3-di am nonethyl c ) Lu . al. | _hydroxide, and
m xtures ther gz'f . ﬁk %ﬁé@%&grﬁ%gt@%%gnrg %’5‘4‘%‘%?@%‘1%%‘?’“\%%‘?5 & t he
addi tive is net hanesaling.spncoaiogdr slipe¢atihgienesul f oni ¢ aci d,

dodecyl benzene sul fonic acid, formc acid, sulfuric acid, nitric
aci d, phosphoric acid or a m xture thereof. 12. The nethod according
to daim4, further conprising an inhibitor, a surfactant or both.

13. The met hodg acc ' Al - W t.e.ls heated
to a temperat ive. of Munffid ey By it Sptkdh bR RuHBkL B Fartoc G,
to claim4, whereiisonrbry! aleshoberatiniuess Bfereofie rinsi ng agent is between 5
C and 100 C. 16. The nethod according to claim4, wherein the organic
resin conprises a positive-tone photoresist, a negative-tone
photoresist, a nulti-layer photoresist, or a chemcally anplified
photoresist. 16. The nmethod according to claim4, wherein the

i norgani ¢ substrate conprises a sem conductive wafer, a flat panel

di splay, or a printed circuit board. 17. The method according to
claim4, wherein said coating conprises spray coating, spin coating
or slit coating. 18. The nethod according to claim4, wherein the
rinsing agent is water, acetone, isopropyl alcohol or m xtures

t her eof .
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