COVPOSI TI ONS AND METHODS FOR REMOVI NG ORGANI C SUBSTANCES Cr oss- Reference to
Rel ated Applications This application clains priority to U. S. Provisional
Appl i cat iwo 28aviied47No. 61/ 164, 195 filed March 27, 2009 trhe/usesoloowar e of
which is incorporated herein by reference in its entirety. Field of the

I nvention The present invention relates generally to the renoval of organic
substances froma substrate. In particular, the present invention rel ates
to a universal nethod with a range of conpositions, which applies to the
rempval of bot h cayRIFBOIE NS ANIS MBEEO DS IPOR RENIOVING SSREGNANFC devi ces
such as sem conductor wafers and flat panel displays (FPD), and other

m croel ectroni c substrates. Backgr &IMBSTANGES pol yners are used in the
manuf acture of el ectronic devices, to include photoresists and

organi c-based dielectrics. Photoresists, for exanple, are used throughout
sem conductor device fabrication in photolithographic operations. The

resi st i s eXpesRefdréncetd Ralated Apbladations t hrough a phot omask. \Were a
positive-acting resist Is used, exposure causes a chenical reaction within
the mat éri al re§UM§pmyumhoeceunmbm¢neyoﬂh&h@eseummléqd@@ugn§nmakmo al | owi ng
it to be d'6sl?fg4vféjj f?lgg l\rI%rgl’? 99 saogﬁg%k% hIlS mco ?at%g %gre% P)z

negati ve- I'ng material, Cross ng 0 occurs e
exposed regefeidncetin ite ehtir@iyi. ng unexposed regi ons unchanged. The unexposed
regions are subject to dissolution and rinsing by a suitable devel oper

chem stry. Follow ng devel opnent, a resist mask is | eft behind. The design
and geonetry of the resist mask i s dependent upon the positive or negative
tone of thdigldgiféhe Inyertion ve tone resist will nmatch the design of the

phot omask, while a negative tone resist will provide a pattern that is
opposi tl® t he phoflunErssent éviention FEwesganendly to the removal of organic substances

from a substrate. In particular, the present invention relates to a universal method
with a range of compositions, which applies to the removal of both amorphous and
thermoset polymers from electronic devices such as semiconductor wafers and flat
panel displays (FPD), and other microelectronic substrates.
15
Background
Various polymers are used in the manufacture of electronic devices, to include
photoresists and organic-based dielectrics. Photoresists, for example, are used
throughout semiconductor device fabrication in photolithographic operations. The
20  resist is exposed to actinic radiation through a photomask. Where a positive-acting
resist is used, exposure causes a chemical reaction within the material resulting in a
solubility increase in aqueous alkali, allowing it to be dissolved and rinsed away with
developer. In the case of a negative-acting material, crosslinking of the polymer
occurs in the exposed regions while leaving unexposed regions unchanged. The
25  unexposed regions are subject to dissolution and rinsing by a suitable developer
chemistry. Following development, a resist mask is left behind. The design and
geometry of the resist mask is dependent upon the positive or negative tone of the
resist; positive tone resist will match the design of the photomask, while a negative
tone resist will provide a pattern that is opposite the photomask design. The use of
30  photoresists requires several cleaning steps with a final clean of the mask before the

next circuit design process step is implemented.
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photoresi sts requires several cleaning steps with a final clean of the nmask
before the next circuit design process step is inplenented. i O ganic-based
di el ectriwe 20mpinesient engi neering pol yners used to of f ePCirnsaéiatooreo
properties to the mcroelectronic circuit. Exanples of these chem stries

I nclude polyimde (PlI) and pol y-(p-phenyl ene-2, 6-benzobi soxazole) (PBO as
manuf actured by Hitachi-DuPont M crosystens. Another popul ar organic

i nsul ator for electronic applications is bisbenzocycl obutene (BCB),

manuf act ured by bhgnidIREPE- 1echRY rEHEEENE Bhgi kMR Pyl 8 86eddRloffiRr s are

applied to the substrate in a simlar fashion as photoresists using
convent i onahswygive prepartigs todhe mhepeleatyorbe cetuit. cloraneplensfl thesecabiwmasiniey act i ce

i n manuf act.ur.i EPDs.. For thes | i catiaon _reasqns, or.gani&sbased

i el oct 1 cs g B ERIG 6P and PRBaGPR R s h stk ke PP E R Re  t he

pol yner is Iaﬁmlfaaﬁlpeduapemtmymmﬁtrmrasﬁ&mserm&merﬁ{ogﬁ@sssgamétinwlétbfmt ely
all of these systens [ead to a final-stage cure, which pernanentlésflxes

t he mat éri afor electiporie aplicationteis hasbgozashelebetane €{oB b manuéasturpd bp dra

The 1 nal e ol BAORDLT Bohghll CRSLTLRAerR AL BOKS) Fohe RERRSIL e

desirable fO ect cui ce ese or gani c- based

di el ectri cssimiler fashibd a€ phi®Bresistiaysin @neeomsondbsaal speayber hey mayesslitwher eby,
the need for rework would either require the use of aggressive naterials

such as st reapdasigeonynop prastice HpmanyfRetuyng 5Dy Kt Hiere mpdicatigisieasans, or
adj acent ne - Act ] , . it O

conai der ed 22D BeAREF kS Relek ber b LIRS ERBR Hld AR Lt .
comonl basdvmernieapplis, teyahay inelengyabatcerning pedoehy Buoxlyiatayel g ak of Resst )

vari eties chosen for high-resolution. device processing in front-end

seni conduct YEteANdead g fg%-éiaga CuIS W%ﬂ?@& s tsgpteriolingbare byyst ens
represent t : 11 est : y and
hore are nums e 4 P N T e e EaRA

sem conductdectacad aRPphysical paepettnas dgStatha Segpedrikhreetof the dediit eircwt.s, t he

USA- based R8rr1]ég tﬁgs% ol;lggnslc-based dielectrics are fully cured, they are considered to be

Ahanges.

15 permanent, whereby, the need for rework would either require the use of aggressive
materials such as strong acids or bases that likely would attack the substrate or
adjacent metals or more practically, the rework condition would be considered as not
commercially available.

Positive photoresists are commonly based upon resins of the novolac or

20  polyhydroxystyrene (Phost) varieties chosen for high-resolution device processing in
front-end semiconductor and flat panel display manufacturing. Positive-tone systems
represent the largest volume portion of photoresists produced globally and there are
many suppliers. Example suppliers of these systems for both semiconductor and FPD
include the USA-based AZ Electronic Matenals, the USA-based Rohm and Haas

25  Corporation, and the Japanese company, Tokyo Ohka Kogyo Co Ltd. In positive
photoresist applications, a substrate is etched by plasma processes, which use gases of
inert and chemical varieties to produce both ionized and reactive species that travel
through the mask and etch down into the substrate. During etching, ionized and
reactive species combine with atoms of the substrate, form a by-product, and that by-

30  product is vented away via the reduced pressure of the plasma system. These same
gaseous species also impact the photoresist mask, baking it into place and also
ejecting carbon-containing by-products into the plasma. Photoresist by-products mix
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Cor poration, and the Japanese conpany, Tokyo Chka Kogyo Co Ltd. In positive
phot oresi st applications, a substrate is etched by plasnma processes, which
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substrate. During etching, ionized and reactive species conbine with atons
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0 Inclu

These negative p oresists I'soprene (rubber), acrylic, and

epoxy- b@sed r esiNegati®¢ phowedistsapicomendnl pytisen faimbemamraispracess chosen f or
their high chem cal resistance. Exanpl es of these photoresists nmay be

obt ai ned f reSRAeNs Mherpby nare pgaressiKmeerigal or therpmal expespreprecesses dedyRere

SC- Resi St._aoohiNit B {cabiiv NSy RAG1d SARERIGUBIRS] AohRE] SlioBkebaqTon 10

al um num processi ng ere a brief chemcal etch is Used to renpve netal
sur roundi ngesine Grclked ifopatner(eubbiggdibioresisto me chosan foc theldtigh elsinsicsl ar e
commonl y chosen for

e USA, basBHmRrni RHRBITL et ol By Be SblaeBD Fag i Electronic |~ ¢

15 Materials, Ltd. under the trade name SC-Resist or HNR-Resist. Negative-tone
isoprene resin resists are common in aluminum processing where a brief chemical
etch is used to remove metal surrounding the masked feature. Negative-tone acrylic
photoresists are commonly chosen for wafer-level-packaging bump formation.
Suppliers include the USA-based Printed Circuits Division of E. I. duPont de

20  Nemours and Company under the trade name Riston, and the Japan's JSR Corporation
for dry-film and spin-on (wet) negative acrylics, respectively. Dry-film and spin-on
acrylics offer an ability to deposit thick layers from 25 to 120 microns (um), used to
pattern the corresponding solder bumps. Once the pattern is formed, metal deposition
occurs by electroplating or screen-printing, a process that exposes the resist to heated

25  acid or baking in excess of 250°C, respectively. Another popular negative resist, an
epoxy system under the trade name of SU-8 ™, originally developed by International
Business Machines (IBM) and now sold by the USA company, MicroChem
Corporation, and Gersteltec Engineering Solutions, a Swiss-based company. The SU-
8 ™ s commonly chosen for thick patterns that may exceed 300 microns (um), with a

30  high-aspect ratio (i.e. height vs width), and with the pattern definition to exhibit
extremely straight sidewalls. Because of the extremely unique characteristics of the
SU-8 ™ epoxy resin, photoresists of this variety are chosen to manufacture large
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Nenours and Conpany under the trade nane R ston, and the Japan's JSR
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25 to 120 microns (un), used to pattern the correspondi ng sol der bunps.
Once the pattern is fornmed, netal deposition occurs by electroplating or
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and wi th t hRatigy igemMpHderediéttis Bohsider&Kidi vl 4 periah@itelsteht FedRH ohiydouRl | s.
Because of the extrenely unique characteristics of the SU-8 (tm epoxy

resin, éhot@@r@@pgﬂ)éexotlmehﬁ@ mlw@wt@m chosen to manufacture | argedevi ces,

vari ot es of noght MR ARtk A8 SCIRRIRRb R YL A G IR LY, o

positive, tro@ole ﬂieq:'chlatd?&létrfﬁmwad éub@tl’rzﬁéiﬂ 6det ® RYeRAFDERssfuDPIOhe nekn fact,
it is coomonly understood that SU-8 (tm photoresist is considered to be a
per manent 3¢ Imemiﬁéﬂstaﬁpylg\mftﬂpﬁ Phot@reisisnassuliin pgeguprtiesslyring the

practi ces. % WehilAPHeRARE el MRk bag AR AL NAEYAR rotl il Srgies r abl e

to conpletely renove ot orési st M the substr n order to proceed
succesdbul |exatpld, klerimgxdld@’rh)mqsﬁg, resisicioplaetisatiinrdappirevgnofnetah soldaofranesi st

can result in.irregularities.duri e next efching or depaqsition step,
whi ch may cXeiHBS &ﬂj%\mef%lpa%guw%ﬂﬁr%ﬁsﬂ%sm lyggflow progsssss, ragﬁvﬂ%lrwﬁ@e
bunpi ng, ragisih CHRNLRATNEMRP ?ﬁ@szﬁﬁ@iﬂ?&&m@ﬁ% SntSAlnd86n [ AMiNBIdIQ9 to a

nmetal pad during the board assenbly refl ow processes, resulting in yield
loss in a forgmhemtmmnbhyn frohtecrslanfdinglievioe psiteningamtlaesultatn the dxact

mani f ested as or contamination . in front. end of Iine.device.patterning
and T osul t SO ROHOMEIBE PROTFTES Mot SIEh £ SRgon BB PEIRE™: 1P1h BEEH i Rabbos t i on
processs SufifktdrhoRKmhAL cbhtffue tdehagnify the problem throughout manufacturing until
during final device assembly and testing, the condition leads to poor mechanical and
electrical contacts, which produce high resistance and heat, or worse, catastrophic
electrical shorting.
Throughout each of these chemical processes, one can appreciate maximum
20  selectivity in cleanliness and high throughput must be met without failure. Any
problems associated with a lack of performance, presence of residue, or worse, a rise
in process complexity, all will result in reduced yield and increased cost.
It is generally understood that the chemistry of positive tone resists are
typically hydrophilic (polar) and amorphous (i.e. non thermoset and cross-linked), and
25 it is for these reasons that these systems are believed to be easier to clean (remove)
using conventional solvents and/or chemical strippers. The resins for positive-tone
chemistries are based upon either novolac (cresol, phenol-formaldehyde) or
polyhydroxystyrene (Phost), with occasional options of styrenated copolymer and/or
acrylic/PMMA (polymethylmethacrylate). These chemistries offer good adhesion and
30 fixing to a wide variety of surfaces while the hydroxyl groups present in the various
forms of novolac (i.e. cresol, bis-phenol, etc.) provide intermolecular hydrogen
bonding which aids in aqueous solubility. This condition combines during the
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di azonapht hoqui none ( I n novol ac systens, '€ in Phost systens, the
aci d cat al md/rﬁhamdt wsiduofe.of sidchwakd pbkymefr))us rwempheedmﬂw pmldutﬂs ef #lecohol .

Wh d d | { dj t to. | uding 100
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i ndi cated here, the positive-tone resists are used as primary imagi ng nmasks
for pl asnm-Siesadgellivmi ageniouhdrer, nhesphate, Sitaasiom, S@é@iu@s tungsten.ecoppers ma
produce etch a u&gs exceedi ng 150

Geor oes o ettty chabRG T FutRhie el F ORI TG Y rery 1 <
conpri sed oniPoupidkGiosoRt ssteéms which contain hydroxyl constituents, these elevated
15  temperature exposure conditions will facilitate further reactions to form insoluble
species. Such reactivity of hydroxyl groups with halides and active metals, especially
in the heated and acidic conditions of a plasma, to produce alkyl halides, esters, and,
in some cases, high molecular weight polymers is known (Morrison, R.T. and Boyd,
R.N.,, Organic Chemistry, 3rd Ed., Allyn & Bacon, Inc., Boston MA, Ch.16 (1973)).
20  Conventional cleaning of etch residue and overexposed photoresist masks resulting
from the effects of hot plasma etching require the use of chemical strippers processed
at elevated temperatures for extended peniods of time dependent upon the process and
tool.
Typical measurement used to predict stripping challenges of bulk resins
25  includes thermal analysis determination of glass transition (Tg). Relatively
unchanged Tg values are observed in positive-tone photoresists and similar
amorphous systems (Fedynyshyn, T. et al., Proc. SPIE 6519, 65197-1 (2007)).
Detectable increases of Tg in photoresists have been observed to be a function of the
evaporative loss in solvent, which in turn, will depend upon the thickness of the
30  photoresist coating. Most notable are observed increases in Tg with radiation and
thermal exposure with polymer crosslinking (J. D. D'Amour et al., Proc. SPIE 5039,

966 (2003)). Such crosslinking of high temperature exposed novolac resins and
5



plasma with organic constituents of photoresist. The chemi stry of the
resi due may conprise constituents of the substrate, netal topography, and
pl asma gasepiwiaossncl ude silicon, gallium arsenic, boreaT/yshaspheare,
titantium tantalum tungsten, copper, nickel, alum num chrom um
fluorine, chlorine, as well as carbon containing conmpounds. In novol ac
systens which contain hydroxyl constituents, these el evated tenperature
exposure conditions will facilitate further reactions to forminsol uble

speci es. Sugdafi@afdnk $idtymOis dundiseny it tRepEsoMct bf RdhkbAgs1a0Kkr deidhve metal s,
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Rel ati vel y faoitifasgdissohgionad iphstoaesist@hg és vexiduerwliitess ffdritg-proreetigmof or esi st's
and simlar anorphous systens (Fedynyshyn, T. et al., Proc. SPIE 6519,
65197- 1 ( 209eslyingelwegp wefah Se SCYRMPY Prastiss Ht BYIRS PEPREHAFEIHEEN
observed to ' Vﬁﬂﬂﬁ I i V. jch in
turn, wll ‘é’ggléﬁ%&ﬁ%gw ?ﬂgfgehié ngsss of 't \é&%]lhegtﬁ%sr&gg? %’?A eccgéz;gtnlecr%\gﬁml Most

not abl el0ar espebifiertsraperatuce feasesvémpergpdwifttime: adi at i on and t her mal exposure

RRIIRATTE TR RN A Y 4
andnegat i V e RBGedSEfoBBndSinRES HSHER! th¥istrppePEndaiSSRI ffisPilsd bR usted.
nol ecul ar wei ght species as detectable by increased values of Tg.” O eaning
(renoval ) oflygrosylemess mey be etceptablalive cleaning lof alaskumsievivesidlosseveh & cal
strippers cQuROSeL:idl g8 DedicsiifeecAM 185s coefind ISR e R9ENT S:
15 constant, K), e.g. Cu/Low-K, require fluorinated-based chemistries to remove silicon-
laden’ etch residue. Amines and ammonia compounds are known to be complexing
agents for Cu and are observed to etch (attack) copper metal. Additionally,
fluorinated and glycol-based stripper chemistries are considered toxic and exhibit
elevated viscosities.
20 | Negative photoresists used in forming wafer bumping metallization masks
generally include acrylic, styrenic, maleic anhydride or related monomers and
copolymers. Such materials are used to produce photosensitive thick films. These
photoresists are commonly referred to as "acrylic” polymer systems due to the
pendant groups on the main polymer chains, which include vinyl groups common to
25  acrylics. In general, the dry—-ﬁlm form of acrylic photoresists is chosen where
exposure to rigorous process conditions is required. As a resulf of this exposuré, the
cleaning of dry-film masks and residues presents a stripper challenge. When a dry-
film system is removed, the material is typically not dissolved. Rather, many
chemical strippers interact with the material to cause lifting or peeling from the
30  substrate, resulting in the generation of suspended insoluble flakes and particles.
Such insoluble materials can lead to filter fouling and performance degradation in the

processing tool. This can create a significant loss in productivity as a result of process
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chel ating agents, corrosion inhibitors, and surfactants. The reducing
agent, hydroxylam ne, has been cited extensively in the literature as a
basi ¢ matwoi2alo/mbssch facilitates dissolution of photore®cstusand/onizso r esi due
while offering protection of underlying alum num netal features. Common
practice in using stripper chemstries involves delivery of |arge vol unes
of stripper to the substrate to be cleaned at a specific tenperature for a
given period of tinme. As the industry continues to replace alumnumwth

copper to Gaat diukhtiniPfoP WRihBRicer MRAGR b tﬁ@f’a‘ilhr&%‘ﬂl&?%ffJr*?ﬁlsé‘é{vhpper
chenistries nust al so be adjusted. HydroxXylam ne may be acceptable for
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Devi ce ar chi. ta(iture using copper and |owK (dielectric constant, K), e.g.
Cul Low K, rBYi9: f1 uorinat ed- based chemistries to renove siliconl aden etch
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produce photosensitive thick filnms. These photoresists are conmonl y

referred tcroaposisionywhich ysepyrrelideneshasad selyients suahras I}bemﬂ@ﬂpylgcplmg on the
|
mai n po ymf&% t¢ |Gl dPEL MR 1Y WY by ko " QHRSt a%HI%UPE‘orh Mol 815

gener al , ormof acrylic photoresists 1S ere exposure

t o ri gaousmpiydesiinciesidist iln@endral, tc@apodigshs \Asnclamdﬂmazlatqlmferh&ws exposure,
the cleaning of dry-filmmasks and resi dues presents a stripper chall enge.

Wien a dr yfqmrﬁpeygt%r% ¢ ahistramethylammapigm ydroxide (IMAdD) ip NMP dgingol ved.
Rat her, Pﬁh Qﬁgsoﬁfe{drl;gﬁg&@ il E@PtA%{{s sE&?aHH%efhb Pacﬁ@é’b?@nd fting

or peellng f e su resu tlng In the generatlon of suspended
i nsol ubl e fpradhﬂss particlgathat chiebecome a source of contamination resulting in yield loss.

Similar experience is noted for negative-tone photoresist of the rubber-based

15  resin variety. Stripper chemistries used to clean residue and masks resulting from
rubber photoresists include a hydrocarbon solvent and an acid, commonly a sulfonic
acid. High acidity is required for performance and emulsification of hydrolyzed
rubber components. Representative inhibitors include mercaptobenzotriazole (MBT)
and related triazoles to prohibit attack upon adjacent metallic features. A common

20  inhibitor for these chemistries includes catachol, a toxic and carcinogenic material.
Further, rinse steps for hydrocarbon strippers of this variety must use isopropanol
(IPA) or related neutral and compatible solvents. This rinse practice, albeit a cost
increase, will reduce the effects of metal attack to adjacent metals due to a pH-drop
during water mixing with constituents of the stripper. Due to compatibility issues,

25  wastes from the use of hydrocarbon-based strippers must be segregated from normal
organic streams in a microelectronic fab.

While it is important 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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Such insoluble materials can lead to filter fouling and perfornmance
degradation in the processing tool. This can create a significant loss in
product i woyorgl1es4resul t of processtool downtinme for naPOTAIS2010000770
addition, the failure to filter off or rinse away particles may result in
the formation of residue on the final product and contribute to yield |oss.
Resi st stripping conpositions that include aromatic quaternary ammoni um
hydr oxi de such as benzyl tri nmet hyl ammoni um hydr oxi de (BTMAH), a sol vent such
as an al kyliswd 831 @ cordlliysi@de Rifperatiere] 406tion, dndhinkd. t WithaindvepPreseii C
surfactant do not conpletely renove many dry-filmresists froma wafer
surface. Siiptehsire presaverisowctepshbroyghpht inganpiiaciniing hee, BLonsfaRtsIM@Ess such
as N-nethyl.pyrrolidone .exhi bi 10 that cannot
achi eve cor"rg?loe‘ieé: rer‘aé‘?m\‘/3<";ﬂ(ry‘!(\)éfli’?2 Hﬁ%y A?ﬁa;q’w&%ﬁggg?ag{ggwgﬁ%%ﬁ%rtgﬁ16%%%%3i tions
whi ch i ncl yBeomyYpabe EimkieasdiEipetifiie)dd axitatona svithehe axpichiyibatiani um

hydr oxi de (TMAH) in NMP do not conpletely dissolve many dry-filmresist. As
di scusséd aebxmer dissebitionaates ¥ild nerease wué%dné&ﬂ%mqeéq @yet hoveysh becone
a source of 9 ' i | ' L  ence is
notod Tor  iuSaTERoRERhRR Pabalon o i iuea ies of e Fhdchle, SHAERS PCTY.

Stri pper chemosibhirsts, wiikdlsd inctdasawithésdrease imraanpeastise andagithtiorg f r om r ubber
phot oresi sts_i.ncl ude a hydr.ocarbon sol vent  an an_ac‘i)rgqhgcommnl a sulfonic

aci d. H gh 2ddigenally; and wigshiipearteRy thees i SPREmMeE 1aatingad the iSHIRPSE Shamigy
hydr ol yzed . [or SN 1l b bl £ oor s,

mer capt obenvglclt)i? {rhl%é)zr R{é@%{fhi/)% é%ﬁ??%?i?‘gﬁéﬁlﬁ{glz%%g%%lﬂpa'r%gﬁie%!t#qg%tack upon
adj acend netbatdvation efesides or dtheophennmienditai indicatea ditopes pedbimmdnstr i es

i ncl udes catachol, ,a toxic and carcin ic material.. Further, rinse ste
for hydrocar bon S fleJpaperagye P‘H‘?té’“\y‘gkggﬁ)‘fc yl{?s%c‘:h%aé Blr‘quas'(llﬁPZ) zr >

rel at ed nett{eﬁl?éraﬁﬂgop @bh Penez @ hyiedton mudt b coARIARANG PFdtbGBubsiahei t a cost
increase, will reduce the effects of netal attack to adjacent netals due to

a pH-drop daatires, besh fe erinditiogs wiayrbecioersased thipugh dricredsed pelymspdissolbtien t o

compat i b | 1. L RSuER, ERLER P 1 Ko Rlnd SRAGHRPIL AFRSEhEAEA B S

15  industry guidelines (SEMI S3-91, Safety Guidelines for Heated Chemical Baths). In

accordance with SEMI, liquid over temperature shall be controlled at not more than
10 degrees C above the normal operating temperature of the liquid, where the typical
operating temperature does not exceed the flashpoint of the liquid. Many companies
will set policy which is more restrictive such as operating at 10 degrees C below the

20  flashpoint and setting the over temperature to be the flashpoint. These criteria and
others may best be observed in the processing of flat panel displays (FPDs).

Resist stripping at a FPD manufacturing plant occurs on large substrates
traveling on a conveyor from one chamber to another. The resist is stripped from the
panel by a stripper delivered by a sprayer that floods the entire glass surface, traveling

25  to arinse stage where distilled, deionized, or demineralized water or an alternative
solvent is sprayed onto the surface, and the process is completed with a drying step
that includes a hot air knife. Stripping is supported by at least two product tanks
which are separate and distinct and arranged in-line with the flow direction of the
parts. Substrates entering the tool will be first "washed" by the chemistry in the first

30 tank. The stripper is sprayed onto the substrate surface, and upon reacting with the
resist and flowing off of the substrate, it is collected and returned to the tank where it
is subsequently heated and filtered such that any suspended and undissolved matenals
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organic streans in a mcroelectronic fab. Wile it is inportant to give
attention to the challenges of polyner and residue renoval fromthe

st andpoi nwoabiothes4gt ri pper chem stry, equal diligence | CmaSeE9A0077¢ owar ds
t he design of the process and proper performance of the tool. It is
general ly 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 m xing or chem cal adjustnents

made by t heydipinioveliRony flel kil Sferival! Rt &itereliNGd hefkd EQIppEPRIA&G] cyichal ude
tenperature, agitation, and tinme. Wth an ever-present intensive pressure

t o i ncr easéathtothglspay chambemahereats deliveged iontbe sabstratesinandonénpdussi s is to
decrease the process tine. Agai.n, wthout a change in chemstry, this
| eaves as trﬂﬂg’(?ﬁﬁﬁ%tﬂrf‘@ﬁs _{h(?qFﬂﬁtrs_é%%n¥8'f?ﬁ8§Satur_e and agitation, with the
expectation thatApfepaRitradeR YR tHE cOMVelydt B8mhé Firdt BRARBSGRupSSrdity¥dnit N
shorter process tine. However, other reactions which are contradictory to

t he obj éct iflete the nexiehgnberesypportaddty task #3sthersiioa funstamentell phril chengaior ease

with increagse in te ratur.e and..aqgitation.. Addi.ti,opall nd nost
mpor tant . REFEPHS AGUER LI o speatien i mek be S RS Es he
organi ¢ sulysi ARR1, GRUIoNEt 6f reSioUsresednis IBweAihan kidt Goralsk ACCELSicat es the
observation of residue or other phenonena that indicate a drop in

per f or mancPro@ssing émes gisedafingd dordwmbsntiio effene dwelbtimgyplitee ¢heaistni @t ed by
et eas! N9 LRMREL AL therel @ﬂfggfb,&?hﬁ{f%es%s%&gf@gégﬁggﬁa i PGt b%{' ed to

protect substira eat ures, e con I'ncreased "t hr ough
i ncr ea9e€d pivhyg Nk #i &8bteath oMmaxihbmi losdirgsipagity Grkissalvetecsisihada is a
fundanmental , safety limt_as comunicated by industry guidelines (SEM
S3-91, Saf elegistan RarRlAsthe Fontents dvll bsderesstry paY ey thisi gecurse heganteats\itt h

SEM , | i quigo¥eUifi BEBSH: %aeana!r%?l&%d%%%é Ebihéifls B aRUE bRBRLE

degrees C above the nornal operating temperature o i qui

typi cal opeask #hgill bepplaed wethdivesh stripppee Xice dret stepdra slnpgbismhanyer, tthee | i qui d.
Many conpanies will. set poli.cy which is .restrictiye such as operating
at 10 degr C¥SS8 BEMGP PRGE 1B EEILNET-UREdeTHGTh (N ERE Yo PEPFsEn BPYir ¢ fo be
the flashpqjapk is "HA8RRr S dppbite BNAe flow direction of the chemistry. By using this

practice, tanks #1 & #2 become the dirty and clean tanks, respectively. In other
words, the unwanted resist 1s concentrated in the front of the line while the cleanest
chemistries remain near the end whereby after this point, the product substrate is
rinsed and dried.

20 The configuration given here for the FPD example is consistent with most, if
not all, in-line bench style tools and with many batch style-processing tools. In a
bench tool, parts move from one station to another while the tanks are at fixed
locations. In a batch style tool, the parts may rotate but remain at a fixed location,
while the chemistry is being delivered by spraying. There will be two tanks, the tool

25  will pump from one or the other and carry-out counter-current cleaning designs by the
use of "dirty" and "clean" tanks.

There is an equal, yet unsatisfied, need to achieve selectivity during
processing with these formulated strippers. Namely, as the use of more aggressive
chemistnies is put into practice to achieve a desired cleaning performance in ever

30  reducing time, this practice must be met without damage to sensitive metals and the
underlying substrate. This is especially challenging as many of the acids or alkalis of
choice will rapidly "spike" the pH of the system, once they are mixed with water
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others may best be observed in the processing of flat panel displays
(FPDs). Resist stripping at a FPD manufacturing plant occurs on | arge
substr at esOt2oavEbs4ng on a conveyor from one chanber to 2O0tUSee10/0T4720 r esi st
is stripped fromthe panel by a stripper delivered by a sprayer that fl oods
the entire glass surface, traveling to a rinse stage where distilled,

dei oni zed, or dem neralized water or an alternative solvent is sprayed onto
the surface, and the process is conpleted with a drying step that includes
a hot air kiirfng thStihdedp) Gaksin S HAPATE 86trdorlo duB@Bdte IR DANES tHeaHse Whi ch
are separate and distinct and arranged in-line with the flow direction of
the parts. SgssinrakRI limas watenty sprayed oolthelhdatedngdadsispeface' thas¢nadrinpiesidnel

chem stry in.the first.tank. The .stripper is r d.onto the subhstrate
o me. ” arrtse, NI AR e e o FRRf e, I F8F PEES s oo WP
substrate, ddeut sndalimatel Lekudl datagitdphiteriling Rt Pmphes 6f drly airbubbles,
subsequently heated and filtered such that any suspended and undi ssol ved

mat er i albsarandrveorss eentamoratingdhe (abidycorerflewing strifipsr hichanayitrigger eleetrieel
stripper is,then cygle K 0 the s chanber ere.it s | i.vered to
The Subst r AT deRlontis, Sadad, Pien S SR THRD LS el & SBHE L g

process. Asduehe ril@ﬁll’gtsuffﬁeé/l%hﬁo@Ifrofnh&le(iﬁn%dtﬂd’ﬁﬁpf)ér&ﬂltﬁd'@lu%blﬁ§éon@hﬁiﬁbel’ _
supported by tank # 1 to the next chanber suegorted by tank #2, there is a

f undament al Irisgrkas yivepg AR spreading cayse imyraentany|depd sps omthecrsnel, Wi of
operation f 2 B, - sa t of
resi st pre§gﬁFhﬁggvgﬁgr ttégp% gyﬁ#gﬁwgéﬁ&gggE&ﬁ#ggggépﬁ%?gﬁgggﬁﬁggﬁines
ar e defliOnedmépbe atvaddaithrehgh rirgirgf wigh neutchMedllvesits Buchods isdprogd@b{IPANY 1 n
contact with the resist which optimzes resist stripping and maxi num
removal . Oveltheyshdhis practicesacgented by seysral ERBmanmiaryess-ihis Lot neysve

di ssol ved rggiSfiaffdbifinffzhai On to replace the contents will be necessary.
When this occur;f the contents of tank # 1 will be sent to waste and

repl aced by the TElome esre seedf adcartkngl®, fof epoved strippingfcotrpokitiéfs whidh void!

I dwth f h stri tri ... In thi t h
Cyotam i s amgvt BRpavea @Rt ATanBib i hoRE Fuaring SHENETYROE I pr ocess

f1 ow ofysparirideH§ing GRHMNBEY dBFAin@RRGHE Wathi Bstt1R@, 84iONTzE0, TR AbmPRrafzelihe
chem stry. By using this
water, and preventing corroding, gouging, dissolving, dulling, or otherwise marring
the surfaces throughout the entire process. Further, growing initiatives exist within
the industry to move towards being "green.” A green process and the associated
chemistries are those which will reduce or eliminate the use and generation of
20  hazardous substances. According to the American Chemical Society's Green
Chemistry Institute, there are twelve (12) principles which help to define a green
chemistry.
This review of polymeric substances in microelectronic fabrication presents
serious and compelling challenges in the industry. Where organic dielectrics are used,
25  there is a continuing need for processes and compositions which may be used to
effectively re-work a cured polymer by dissolving and cleaning the unwanted material
from the underlying substrate. In cases of positive photoresists, there is a similar and
continuing need for processes and compositions to effectively remove polymer from a
substrate without deleterious effects to adjacent metal features. Finally, in the case of
30  negative-tone photoresists, the same need exists for processes and compositions to
effectively remove polymer from a substrate without deleterious effects to adjacent

metal features. Although all of these materials are organic in origin, their chemistry is
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practice, tanks # 1 & #2 becone the dirty and clean tanks, respectively. In
ot her words, the unwanted resist is concentrated in the front of the line
whi | e t hewol2emvast47chemi stries remain near the end wher @0¥/Us241800G770 S

poi nt, the product substrate is rinsed and dried. The configuration given
here for the FPD exanple is consistent wwth nost, if not all, in-line bench
style tools and with many batch styl e-processing tools. In a bench tool,
parts nove fromone station to another while the tanks are at fixed

| ocations. diffeRnPa{dCteschid hi§ROdhallbhiRes gt nSustBY oV QtGh € iPétldeF RNETRL e 2
fixed location, while the chem stry is being delivered by spraying. There
wi || be twolesiagrkeleaningrasuldl will punp fromone or the other and carry-out

counter-current ani ng. desi gns_ by, the, use of . "dirty" and "¢l ean" tanks.
There i s an equalhigBegaERsP To dorkane Fnonnéids ot ardBft wBtERGs. | ng
processi ng with nighesempevitiddsattret Ad, iPPEhidlenDBtRdatignasprobéss s i9f nore
aggressive chem stries is put into Er actice to achieve a desired cl eaning
per f or mdnc esupporésddry 3 wehwihieh wilkenablerpridproessing ofpasts, besingwilli vafeut  damage
to sensi f[' V»sitl%?ltt %Ll%te?i?q % cté‘ﬂ)dt‘f‘xre lsé{ﬁs?lg}(é uﬁlse% Etae onllipu'li% !eﬁp%ggg % qhéy . "
chal | engi ng" as many o the acrds oF alkal1's of chor'ce rapldly spi ke
the pH of thrrsysh@iics didigtry e Ye green hrsegh ihprovit@tiee sifetyd opbrationd)se st ep,
causi ng gal vani.c corrosion to substrate netals. During the rinse stage on a
FPD |ine, W&tesing thedise af ehenystry-radpediicans Ye gereralion efdiwzandaus wasteai ns

resi dual st ']mgi?j : ki ' [ : t a
f oam condi tTdon Fié\%lgggééeg?\%% %é%é?)ﬁ/%geghlg g%gg(fgséljf)g@ﬁiac f g‘?‘l%fltn%ﬁgf

filterd0 pumpvarspl pfocdssy which lgb bbmapositord ofonater tiew nagyrdepatding updrethieab by
overflow ng sfripper which may.trigger electrical shorting and lead to a
fite. S nodrubiEnerdns the ihiqye g qs@réeSii*leitPPsgwaw%%h%rew Bte to

rising surfiageptsieiaale, Hi MM QBP0 M &enYrbé RS 419 rEdiRe@QHQQ#s condi tion.
I rregul ar m Xi ng and spreadi ng cause nonentary dead spots on the panel,
whi ch cont ravinership.o accel erated corrosi on. The corrosive byproduct and
foam ng condition may be avoided through rinsing with neutral solvents such
as i sopropanol (I1PA).

15 Summary of the Invention

An embodiment according to the present invention concerns a composition for
cleaning organic resin from inorganic substrates comprising:
a solvent or mixture of solvents; and
a metal sulfonate salt of isophthalic acid, a metal sulfonate salt of a
20  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 at a weight % of greater than 0.5%;
wherein the solvent is selected from the group consisting of ethylene glycol,
diethylene glycol, triethylene glycol, propylene glycol, diethylene glycol ethyl ether,
25  diethylene glycol methyl ether, diethylene glycol butyl ether, diethylene glycol propyl
ether, ethylene glycol propyl ether, ethylene glycol butyl ether and mixtures thereof.
Another embodiment concerns a composition for removing organic resin from
inorganic substrates comprising:
an organic solvent or mixture of solvents at a weight % of from about 0.5% to
30 about 99.0%, and
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
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Al t hough this practice is accepted by several FPD manufacturers, it is both
expensive and a flammability hazard. There is a need, accordingly, for

i mproved wonoppilngg7conposi ti ons which will renove the protass@doo@se st in a
rapi d manner while maintaining safety towards the underlying netall urgy
during rinsing with distilled, deionized, or dem neralized water, and
preventing corroding, gouging, dissolving, dulling, or otherw se marring

t he surfaces throughout the entire process. Further, growing initiatives
exi st Wi t higforhfiee ARISbhd tHOmBRY R seRVRAGForR GtHIG, §JdREA; or pofassfudfihddr ocess
and the associ ated chem stries are those which wll reduce or elimnate the
use and gemeixturesotherspl alarweigbt% efigseatenibar 0.5s@ddi ng to the Anerican

Chem cal Society' een em stry lnstitute. there are twel ve 2

o6 ol es i ot REFTEGITIRERZIEY sl didhind (FSrringe A8 Aol e i
subst ances ftdin Ab&uUt @) 186 td &5VuE 99 @P4,i cation presents serious and conpel |ing
chall enges in the industry. Wiere organic dielectrics are used, there is a

conti nuPng need Whareipthrosod vesd isede @8ithe geyp wAREHINgesf cHelenseglyedd,

effectivel y;.I1.e- C | ' 1Ng: I i nwant ed
mat eri al frdcl)érﬁﬁ}’l\é@é glﬁ’g%lf F{/el g}ageu%gﬁlaﬁépg kﬁégi g@é%@%%“@‘? %ei ?é\}ég%%? %F gsi st s,
there is a di¢thylene glgosl mahyl deibémgictndshefgycodboststhes diviklylenglgssltpropyd t o
effectively renove polyner froma substrate w thout deleterious effects to
adj acent mether, thdeng gycolmropyliether; gihylage glyeel bytyl gthgrand Buxypgs thereof .

hot ists, t j i id |
photoresi sts h@et%ﬂﬂ#ﬁe ngf?g?cﬁﬁieﬁ{ SorlcBins R RGRSE tﬁﬁ é’%?g\élglggtp%&?);lé 19564

effectively renove poly roma substrate w ous effects to
adj acend nehaigadie athatates cAhiphiomgh al | of these naterials are organic in

origin, their chemstry isdifferent and presents uni que chal |l enges t hat
must be over cond) | ROBIESAId Yeupe Esin Y"I‘fg ao%%‘?ﬁ“é%l“&‘?%‘ésﬂti‘% result. Wile

there is a desirg hé’aﬁ%%@%sﬁﬁt% tb QTBHAEraNEeaRl Bf aWnUPRIfRcieHs @RS W th
uni que conpositions, there also, is a challenge to design a process that is

supported by a tooHliss#ibaén of the osgamind resmapadl processi ng of parts, rinsing
W th water, iit) rinsing the substrate with a volume of a rinsing agent sufficient to remove
15 the composition and the organic resin,
wherein said coating results in a layer of stripping composition on the
substrate that is about 1000 microns or less.
Another embodiment concerns a method for removing organic resin from an
inorganic substrate comprising,
20 ) coating said organic resin with a stripping composition,
(1) heating the substrate to a temperature and for a time sufficient
to achieve dissolution of the organic resin, and
(1i1)  nnsing 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
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w t hout deleterious effects to the substrate. There is a continuing
enphasis for the mcroelectronics industry to be green through inproving

t he saf etwoabioopes4at i ons, reduci ng the use of chem strypcans$2e0edorng t he
generation of hazardous waste. Taking these challenges together, there is a
pressing need to provide a consistent and universal process, which uses
conpositions of matter that vary dependi ng upon the perfornmance needs of

t he uni que pol yner or residue to be renoved, which provides high

per f or manc aperdpidastib bPHERABEet nBtugd f%ﬁﬂccﬁﬁﬂ?s%&ﬁe badid forfattich8RlY AR osiRElitsOf
ownership. Summary of the Invention An enbodi ment according to the present

i nvention onw&ﬁ@trnslcanmrﬁqc@mng ohhefmethed éaﬁmqsgi waggiad cpatgngther om i nor gani ¢
substrat es conpri,s ur.e

sul Tonat o oresyonggi B afrelk, pghrk el GabBaRE PP SpRe B Bone ha i

acid di est gfiverPfima se@ieRind & AchieveiRdsBRitioWdE e drgnis shsedhat tandfRlishihS
attached to the aromatic nucleus and the netal is selected fromlithium

sodi um Sor yith s@s@q\@hpéihé byt prodircs by rinsingoriting rigsingiagent, suchfas yrageit dhet han
0.5% wh th ' | f hyl
9 glr g%oﬁnﬁogﬁloﬁ gﬁttl}écfvrvﬁgﬁ tﬁ%;tggre fo', %r\'zlﬁ«%]ﬁex%r?ﬁﬁfg %@6@%{: d 1r8% ethylene

gl ycol, yco propylene g I et hyl ene

gl ycol et hy oa&tlheﬁanu@acmrmgl 1 @oghyOpicctn byrlvertibwedl strippef pipkesaes. gl ycol butyl
et her, diet Klene glycol propyl ether, ethylene glycol propyl ether,
et hyl ene gl 4tkpughihs Preanissnbgipreeni bereaoviep drayde curgbiorhard 3pd di n‘ent

Conter 15 2 ARGk TR B RS T HARS T it "2t
PYso ¢

conpri sing: an organi c solvent or M XTHr € O vent s a Welg t oof from
about 0.05%it dowatdau tmAraliPacceptabla peefbaharedl f onate salt of i sophthalic acid,

a netal sulfonatg salt of.a is pht éﬂl C aC|d |es%§@ ﬁr a conbi nation
t hereof where th es‘iﬂr’FRﬂ'?‘attoé‘SQP msthads haye pHbgulpnARRNS AR GREI SETHROAREIST and

the netal ig.RekBREAD FBxhinbl, HMheSAHbWNof BFgaRRt ARN 44 rBfldues 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 (PBO), 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 indium phosphide and sapphire, as well as glass

and ceramic.
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m xtures thereof at a weight % of greater than 0.5% and at |east one
addi ti ve whi ch enhances cl eani ng performance at a wei ght % of from about
0. 01% t o wbanto/98840% wherein the solvent is sel ected fPomUSh@ogo@yap
consi sting of ethylene glycol, diethylene glycol, triethylene glycol,
propyl ene glycol, diethylene glycol ethyl ether, diethylene glycol nethyl
et her, diethylene glycol butyl ether, diethylene glycol propyl ether,

et hyl ene gl ycol propyl ether, ethylene glycol butyl ether and m xtures

thereof . Yet anghbfivefiHRQeinieRhte£aARSIPAIABIC ofBY MR dfsPErsibBIMY L iAlkiaNi C
resin frominorgani c substrates conprising: i) coating said organic resin

with a st ridspérmiiononpolibeiupdersiooy theefen taghe abivatyiedarvaater aragiequsHpbitignur e
and for a ti sufficient to achiewve .dissol ut.-.on,of .t [ resin, and
o oy B Bt Femb Rt B s R RSP oG 6 SO FrdsE>L 1 B0
rempove t he (@aRAEIWAREInANGattN6r QBRI SO1UtRAIdsso WS hRd/Br didpéts&aRé i ng resul ts
in a layer of stripping conposition on the substrate that is about 1000

m cronsor Mmermnerapdendthasmondastherebrighns a met hod for renoving organic
resin froman i | Cee sake A S - ) -C LOg: Sal ni c
rosin with a st RPanS SHBThER erfRL) hd iy PACL QO BERRY

t enper at ur ehmaghbiithia spéoificRiohf Likevibe, tite RANS E3tdppbrs seenmbvan, ald t he organic
resin, and (iii) rinsing the substrate with a_volunme of a rinsing agent
sufficient CHAPEGEOBIPOREIOBOASISEY iprchangctbly. dhg et ‘qoating: sWglped 3 %ai d

coating compg | ' ' ' 1L BSatinelai | ed
Cont 1 1, TR SR A SBALEGR 088 i O W REA |
conposilli oneaanglomethedsg. iiedbrms “film” or “coating” are used interchangeably. The

indefinite articles “a” and “an” are intended to include both the singular and the

plural. All ranges are inclusive and combinable in any order except where it is clear

that such numerical ranges are constrained to add up to 100%. The term "wt%"

means weight percent based on the total weight of the components of the stripping
15 composition, unless otherwise indicated.

A process according to the present invention can involve submerging the
inorganic substrate in a bath of the composition according to the present invention or
preferably by applying the composition as a coating to the inorganic substrate. Once
the substrate is submerged in the composition or the composition is applied and

20  covers, or coats, the entire area, heating of the substrate begins. A rapid rate of
heating occurs until the desired temperature is reached and is held for a desired period
of time. Alternatively, the bath into which the substrate is submerged could be
maintained at the desired temperature. Rinsing with a rinsing agent occurs and is
followed by a drying step. The total method of practice involves three (3) distinct

25  steps, namely, the coating, heating, and rinsing. As used herein, the term “rinsing
agent” includes any solvent which removes the composition and material to be
stripped. Examples of rinsing agents include water, acetone, isopropyl alcohol and
mixtures thereof.

An embodiment of the invention concerns a method whereby a composition

30 according to the present invention or other stripping composition is applied as a liquid
coating in direct contact with the substance to be removed. The method includes
heating anywhere from approximately 25°C to about 400°C or from about 100°C to

14



qui ckly and effectively renove polyneric organi c substances frominorganic
substrates, fromnetallic, non-netallic and netallized non-netallic

substr at e80 2br/am4enbodi ment, the strippi ng conpositi onPCOMSLIISAB070

wat er - sol ubl e nononer and various additives, which effectively renove
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renoval of wicasssCardd dxposiaddofidifibalUBST éXa@iplS 61 £Phsky6f NovyRt edssn, thich
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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)
R»-CO,CoH4(OC,Hs)n-OR3, (IH) R4-CO2C3Hg(OC3Hg)s-ORs and (IV) R¢OCO3R7,
alcohols selected from structures (V) RgOH, (VI) RyOC,H4(OC,H4),OH, (VII)
R100C;3H¢(OC3Hg), OH, (VIII) R;,(OC,H4),OH, and (IX) R;2(OCsHg),OH, ketones

25  selected from structures (X) R;3COR 4, sulfoxides selected from structure (XI)
R5SOR 6, and amides such as N,N-dimethyl formamide, N,N-dimethyl acetamide,
and N-methyl pyrolidone, wherein R, Ry, Ry, R3, R4, Rs, Rg, R7, Rg, Ro, R0, Ri1, Ry,
Ris, Ris, Rys, and Ry are independently selected from hydrogen or C; — Cy4 - 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

15



stripping conpositions and nethods can al so renove ot her photoresists, for
exanple nulti-layer photoresists and chemcally anplified photoresists.
These or gwoi2e1sbsivances are enployed in the fabricati orcofussubsvorats es, for
exanpl e, the el ectronic devices on substrates such as wafers or flat panel
di spl ays, which may include various |ayers and structures such as netal,
sem conductor, and the associated organic materials. Typical substrate
materials include, for exanple, sem conductor materials such as silicon,
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it is clear t such nunerical ranges are constrained to add up to 100%
The tenﬂl"WNQ@dmmahﬁamﬁmghb(E@&A@hﬂqbh@edﬁbﬂﬁthmnnmmahd%klght of the

conponents of .the strippin SItI oth r'wW s ted. A
process acc‘B?HV&%’“ﬁ%‘”ﬂ‘% ‘ﬁ?‘ﬁ“ﬁ% |‘9‘8|L‘<\P \fjé’“g g| ig the

i nor gani c Séi'lbﬁf)flﬁél?ddn@ mbytmmgihylmsermﬂp@bw&e RARRAFSHRh-Q-t he present

i nvention or preferably by applying the conposition as a coating to the
i nor gani ¢ suiidare(HER e &- Q)h?@f@w}st?‘lpaﬂelldgnes(@ﬁér grabisul fur chrtamorgoosi ti on or

the conposi t llv%%tsl such B9 dlme(iihye} 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 Company), 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  at a weight % 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 sulffomonomers 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



covers, or coats, the entire area, heating of the substrate begins. Arapid
rate of heating occurs until the desired tenperature is reached and is held
for a deswpediopansseod of tinme. Alternatively, the bath i rCo/uskéiolod7ne
substrate i s subnerged could be maintained at the desired tenperature.
Rinsing wwth a rinsing agent occurs and is followed by a drying step. The
total nmethod of practice involves three (3) distinct steps, nanely, the
coating, heating, and rinsing. As used herein, the term"rinsing agent"
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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 vaneties, 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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a tenperature of about 50C to about 1000C. However, rinsing can al so occur
at roomtenperature and perfornms two objectives, to renove the dissol ved

or gani ¢ swbzbenmaes47and to reduce the tenperature of theprsuwhmstoianar7such that
next stage processing nmay proceed. Conpositions of matter used in this
invention include a nmajor conmponent to be a solvent systemof the varieties
whi ch include one or nore esters selected fromthe group consisting of
structures (1) RC2R, glycol ether esters of structures (II)
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acetate, butyl acetate, ethyl propionate, methyl propi onate gama-

but yr ol act oWe@BU@).,, et hyl 2-hydroxypropionate (ethyl lactate (EL)), ethyl
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ydroxy- 2- et h'}(llll %Jn?;p sﬂaﬂ‘@tqlé%mo?éhﬁé to gyedﬂrgﬁﬁﬁl%%%& mgg?%? 1%%1%% a3 et hoxy

2- hydr oxy- 3- met hy ano OXYypr opl on
propi oridt e, suefabiyht iBekidingoeron picrs af ehe lidivmyaridtiess ifdxding hogbricaioayl-met hy|
pyruvate, and ethyl pyruvate, ethers and gl.ycol ethers such as dii sopropyl

et her, et hyrrl?ﬁ@@apeapnmwm agiogisy forgs Hipt Hcbisie\alioy-shifpratess phosphaier | and
propyl ene gésYéf@'anH@W @hﬂ&’ina(t cggg)emsgl ycol ether esters such as
et hy at

et hyl enegl ycol "nono acet propyl enegl ycol nethyl ether

acet ate (PGVEA), Camtdctps u;aylé mmxglsybsﬁatqobyoﬂrﬁlcompbemoacfﬁi ttle sulan@rsiph iot

sol vents such as hyl benzepe, . di l.benzene, .anisole, and nitrobenzene,
ani de sol vefing %ffﬁ ing practice. In microele ctr nic manuf[:]icturmg, spin coating 1s t?l

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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N, N- di met hyl acet am de (DMAC), N, N-di net hyl f or mam de, and

Nmet hyl formani | i de, and pyrrolidones such as N-nethyl pyrrolidone (NWVP),

Net hyl pyrwol2othones4y NEP) , di et hyl pi peri done, 2-pyrrol e, PRTIugdeionyerhyl - 2-
pyrrolidone (HEP), N-cycl ohexyl-2-pyrrolidone (CHP), and sul fur containing
sol vents such as dinethyl sulfoxide, dinmethyl sulfone and tetranethyl ene
sul fone. Although these organic solvents nmay be used either individually or
in conbination (i.e., as mxtures with others), the preferred sol vent
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di et hyl ene gl ycol nononet hyl ether (DM Sol vent, Eastman Chem cal Conpany),

di et hyl ene pgbsesobbjgetneset hyl et her (DE Sol vent, Eastnman Chenical Conpany),

or diethyl ene glycol no ropyl _.et her, .(DP Sol vent st.man Chem cal, .
Conpany) . ar et hy Era=gPoRErT RYriapoH i diear ot SRt Bea i B ca
Conpany) orh&iniérdeRstrétiey pahstryASudIkadiroRibn Will hive £orgRaffettn thagl udes one
or nore solvents at about 0.5 weight percent to about 99.5 wei ght percent.

In one énbaupprsties andprodusievdifiereniscqgting eepults.nAf iR suinveedscBwgasetilion at a
b odi nent, the conp n

W
to about 90 an e ositiron al'so contal NS a noner ,

whi ch exhi bhipalkd 6cduir O PeieinatioélyWailgh lspimodpebdd willreswinineighl ngiblityiapd highy, or
wat er dissipatability present at about 0.5 to about. 99.5 wei ght percent and
derived frdriteBgtlosfotAlthavigh spintqpating issestardagdipracties wihe Imdusicy. cxpgmence

sul f onono L ; [ : to an
aromat o s as o Rk Bihufe bEASERQRE ARARSHLOARE Raphoumelipblnd,

di ssi patdi bl sprajetcating peddtice Oacatheevatipgricompldiad) hdatactieatght ofthe processt r at i on
(i.e. nmonomer jn ter) and the netal of the sulfonate group is Na, Li, K

and mi xt ur d8PHERBEHIAteRRIOEeHthosi ti on i ncl udes of one or nore of these said

monomers at  aboufief}-appNEHBH YW CRHuéEd BROUEh HVeral PRhANFoMGRGRNT . | n one
enbodi ment, the nononer Is présent in the conposition at a weight % of from
about 2 to qyistaton5% smphet had-phaté giaty beoused.f Thimredowgs the substadso ta bgmmoved
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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15  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
20  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

25  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 optical microscope and where necessary, the use of etch rate
determinations by high sensitivity gravimetric reviews on metallic substrates, and

30  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
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percent, about 1.0 weight percent to about 50 wei ght percent, or about 5.0
wei ght percent to about 35 percent. The conposition may al so include an

i nhi bi t orwethmieswrs as a protecting agent for the substPcatus2coopsetion.
The inhibitors include chel ati ng, conpl exi ng, or reducing agents,
conprising one or nore of the known varieties, including benzylic
hydr oxi des such as catechol, triazoles, imdazoles, borates, phosphates,
and al kyl or elenental silicates, ethylenediam netetraacetic acid,

di et hyl enetf|gWdpaRAMY i3SI Fre%?ésgnt b BFgahR:tsrubﬁﬁﬁctés% BE kgno%dthelr

2, 4- pent anedi one,” reduci ng sugars, hydroqui nones, glyoxal, ilcylaldehyde
fatt y aci dprepacaticsmethbds, eanditht sosices iioen wbich thmwﬁtm;rbmdles, or vanillin.
The conpositions according to the present invention nay al so include a
surfactant including one or nore of the known varieties, including nonionic
nonyl phenol s andrageyt -Iﬁghmy}%%ﬁ@ RediRls V3kd (6 DERfonslate iRThVElRion.

al kyl -sul fonat es, phosphate esters, and su00|nates and fluorinated
systens. (dixample %/L«ﬁ?x@lﬁ o tFJag,‘msub trage, by tlhe (iﬁgﬂﬂﬁioﬁah\@%u}fk(?uﬂ?th
submer si or_or#usihg . a coaling .pract|ce. pﬁ ‘m-groeliect

spin coatilng is the method of choice used to appEguat geantingsistld wwsiisst |
However, gther mefhods ex] s$olidgesimc| ugde REAY- s pi iB5capdtBayy =weid (Hydrite coat i ng
for | arge [substraf ePhag i hwhikBd ppauf a &? | n GheimicebS@sBrovkiecldBilect | ve
is to applly the cpnpositipn iliqud na1ne ) ach|eﬁ®0b@de%$ME66weﬁ@g@6
Normal | y, |nbst copting applications|are concerjned with asblidgh degree o
uniformty. In th}s inventlgﬁmqg£yoj, a t hi cknes&qsthghdntibes agdtiabinvghed
typical ly jon Ehe v:&inuwhmfs, 10B8&iqwe5290snd 3 100YRT Grob 1O 6
m, but sgme Casep th’elgr g%nl C spbstivance| | SchapegtadyhNKY), disselved in
conpositign thickphess may mallef. In_one einb o PGB * af 29 Wigo gilids ent
I nvention,l the cohpting can be up to aqRut 890|ﬁ(ﬂ$ﬂﬁeﬁ@A$&ﬁmbéﬂM§&n about
200 to abdqut 800 m Acrghis | hiDek-filmr from a it 38tndved ablaipplietiGrept (Rhoms

V%rolagf

t hi ck. Conmnmon pragtice for spin-coa |n6‘3 g:canp&§mmsdm:mbnmbhmgmmmmbn1ion
Is to Thermoset,
4 Polyimide Liquid Non- PI-2611 (HD Microsystems, Parlin,
. NP
photoactive
5 Isoprene Liquid Thermoset, SC-Resist (Fujifilm Electronic
P q negative Materials, North Kingston, RI)

5 *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 material 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

10 degrees C. For negative Acrylic resist, the material 1s 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

15  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

20 transferred to a hot plate which has been preset at the desired processing temperature.
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di spense the material at the center of a substrate, and operate the

equi pnent at a lowrate of circular notion speed (i.e. |less than 100

revol uti ome 2psav11084n, rpm . Liquid delivery may be done lpgTaSstiawbereret hod,
whereby the fluid wll "puddle" onto the surface. A dynam c nethod nmay al so
be used where the material is dispensed when the substrate is already in
notion. During the early stages for a new process set-up, the exact
conditions of rpmand tinme nay need to be established in such a manner to

ensure conpbidane QM4ragset ohtol the hatPate! @hegfn\aa filefisRtdRY. @ncBeheNsiel . There
I's no needto be concerned with edge bead Tormation as this condition will

be irrel evaastabilehetdhen@h@c@spsre@b}le@tan”&res reTiney edani puvediagaly Dmsgb\ivﬁhspeed is a

Substrat o 1O leERER PR s Je e et GO RGLE. prsupEd SeRi

produce di f§iRE&BYE af@Htiabide tCEH). t £ddibnd] @BsHPALIMS RREERen 5Acuﬂhe rémhls bt y wi |l
be low with mnor material |oss, however, irregularities in substrate

cover agé® nugcaied occur. Alternatively, hi gh Spl n-speeds will result in

hi gh m)b”"[ya h mat e . 1o Althou t andar d
practice in thenl?ln PFy," ré’)%iugtrlone(r)\f;s:tées iR W Fame@q@ ?9(1&‘?10 ?Fg

accept abl e é{&h@&é\ﬁs& smmi&r MHege BRYk BEluE6HY \ealed:omphlaecaosaahﬁdmpmbl ng
practice. ce the coati ngal s conpl eted, heat activation of the process may

i nredi at el ysobyent Kermpansat Axpd ¢ uater salublgonyeaterdisneesible o praserghssinaiable
pat hs. Forarg&?#g @%ﬁ{ \%1 0;9 e%&?clrﬁer??ﬂos%we?e@ ct&F P&%oﬁb' S requires

t he substr om one location to anot n situations where
aut omatlijon msltidfindtivha&lrsaibmohbmemadoataitiay at keastione steaztllsolfam:ye ghiupatthdsd i s
applied using a base- ChlIle Qr an overh @Sl | R convectl n source. Exact

er gonomi cs Q78 APt nycleays it gt WrtehsqWlp E ates dISBRTSIAF €F WAET t hr oughput
can be read(?]!;s){ ARIEaE e t;ehcﬁ%? \%géﬁ'térltﬁﬂm?v&te@lt%%orﬁfenfr%n qesign. Once

the proper heating regine is fol he conposition and organic resin
may be r errmnenbrhgr iniwmé¢rhgSudht moaomensstrmgehgeuwmo those skiHedm thgiattandd bat ch
or by dir eCltIlcl?l € sXchCrg(r)]rtloa}ners as the lithium and sodium salts of diethylene glycol diesters
15  of 5-sulfoisophthalic acid, ethylene glycol diesters of 5-sulfoisphthalic acid, 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 (Eastman DM Solvent), diethylene glycol ethyl ether (Eastman
DE Solvent), diethylene glycol propyl ether (Eastman DP Solvent), diethylene glycol
butyl ether (Fastman DB Solvent), ethylene glycol propyl ether (Eastman EP
Solvent), and ethylene glycol butyl ether (Fastman 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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The stripping conmpositions of the invention function by maintaining a
sol vency environnent when used on anor phous organi ¢ substances such as

posi ti vetwoeophabsaresi sts of the Phost or

and when exposure conditions include noderate tenperatures up to 150

degrees C, a conposition which contains the mninmumconstituents,
the solvent system and wat er sol ubl e nononer,

i ncl

the conditions of the invenpion met hod. v%en heaped to a sufficient_ _
t enper at ur gnggeaibitl afll SNO| CHdn@E” Mesny %o Mafkatbih {Has pesioRbist REINPLAL AfaRdSt 1 nto

t he conposition proceeds rapidly

to conp

| et

1 on.

novol ac vari etrcedis201m0/080r¢h cases

udi ng

is coated and processed at

Addi ti ves such as an al kal

agent, 1 nhiundeoprocessdonditibngbyrisugtayspsetion &@lutions g€ theispdm spdioef thesul t s

with highly,.

addi ti ves c"d?‘?‘ﬁg‘ieeﬁ%éiy{ﬁ?{ ‘HF?J{C

5QH§§§?F

t

es
0150

rp

HngPeahiy

Si St

Ry BRRATRE D

r%lrgsi ng
nproved

di ssol uti onyse@teBRlvRatk thSmPetidnyin e B110S8ng exHaglesd T RS B Sllustiateds &hd he

i nhi bitors protect exposed net al

during the stripping and rinsing steps.

Or gani ¢ Sal kusaof athené-sebpsophibialicamengneSerred for al kal i ne saponi fying and

enul si ficatgd,on A

f
| ow nol ecul ¥aqﬁ§ ght candi dat es,

for exanpl e,

N- ( 2- ami noet hyl ) T#fl&2rReh@ifisnEe feAdsNromridedinsgpstadaas dadied gor NbWRA)XG redin

di gl ycol am ne

candi dat es p
nanel y,

_ (DGA) .
negat i ve- t oipated@s gles

and conbi nati ons thereof.

EibsAor dplsilst Revn avag greed fonkr mirtes a0
55 hiBp S RS Ls (N e SRARAR el

(0]

Ak h

Xl

doueget

| n cases where a

]the positive-tone photoresists, to include one or nore
nonoet hanol am ne (MEA),

idegges Gre t he
| [ i
%.kgﬁf%ﬁ. iQ%4%LI

to

t he revitew HiOuwdgrdee 2 f or renovi ng coati ngs and resi dues conpositions al so

apply for renova

(SU-8(tm)) photoresist.

of negative isopren
As we have det

ru

ber)

resi st and negati veepoxy

ed for the positive photoresist

o negat I7E Ao R g PR) YL Oe] T SO S I SRRGROT T ceperent
L= I I @ 9 | 19 LI ~2 \"A'A" T I LILA 2 6 1 &41 y 1 LI )
hydr ophobijc (non- pol aB and ¢ ME ¢ 543076 Ser [ TP Eir | 900 Unfarol 20A%¢ Tor pond
to al kali d OnIIy acild Eﬁukh&?lv% ar Sst g rprﬂoﬁrp Hr o ic kol V@8t s and
hydr ophobi|lc a8i6d%, suh3als [dOdcy| béNwt €ilean 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
15
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.
All cleaning compositions are comprised of 6 wt% sulfopolyester, 24 wt% DE
20  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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sul fonic acid. For negative epoxy photorest, the chemstry is hydrophilic
(polar) and li ke the rubber photoresists, these systens also do not respond
to al kal iwo 20tve11ps4ef erred system i s one whi ch incorporatres/usgaoopdtié i c

aci ds such as net hanesul fonic acid (MSA) or sulfuric acid. These systens
all contain the water soluble nononer, to facilitate proper rinsing
foll ow ng dissolution of the photoresist. EXAMPLES The invention is further
illustrated, without limtation, by the follow ng exanples. Al percentages
given are by weight unless otherwi se gp@fd i ed. In these exanples, the

measur enent of perfor b, SEr ecTiviTy orP 1 [Ton TS5 conduct ed
. . . y I
usi ng practicespead 9“@882“ é"ih e :““'ess QoS 0.

I'\'J
T LA NA == A x>

L III _y. 3
measurenent is frade by[ opticgl P& osqoif@ gﬁ r \HO02C faE d Skl JorHe use of
etch rate deterfindti gln BG 1l dolvenisiltiv39s glavi®@srid re6Vews |on
metal | i c substr hp@s4%ahnth sémrle 0008EsYr y Clemr e {[deCiddned [st Gleas ver e

conducted using §§:§@%| Ngn 64591 T 0100% crosgp&yl ( $EMciedn {he digld oW ng
(he or gani & subpealce ] 5l UL e Cetn s, 7 LIS o | L L Tab e 1
represent the of §286% |siHh84%ricetd.9Qobd r Elepned | t kdsan prlep&ilean orl met hods,

and the sources t5_gg%wh59:9rz%rey15(w,e proQuaad. |Tabll@nl: |Li gllef Qrganic
Resins Used to Denmbnsirate the Tnvention. *PGQVEA propyl ene glyco

monoret hyl et hery %&&@@%M? i cﬁ&ﬂkfeﬁ@géﬁol GRS FisRRLARGR ) o appl i ed

in the manner of 1? rewer CI ence 0 coater
andfollovmng st E%a%é% the liquid formof the polyner
material to the EJ ﬁtg‘é'eflﬁlg Ogﬁbé ‘?qﬂ% material is coated, it is
sent to a soft bake step for a short 60sec hot plate bake at 100 degrees C.
For negat i viexigsivd 1 Gnd 3k bnsitdieiHIRLREL il @mﬁﬁ*&l Iciddifduigh et 17 ght
of a broad-b Eﬁg;typenemttlﬁsg at nm an1 §0 excposurg(;i dose of

0. 12W cn®- sran/ola’ccand@nl}éwdmsstvmnpecmmlfrorh sﬂﬁmwaferﬁolhh thei qase ek posure, the

T v DO DR e ke 2 SR BT S L R3S LIRS U © and

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 glycol 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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Once the wafer sanples have been prepared, they are staged for
experinentati on. The experinents in Exanples 2-5 are all conducted

i dent i calwbaomaah4ot her usi ng the sane wafers and handl Pa@/yse@owdwes. Each
wafer is staged in the work station where the invention wll be
denonstrated. Conpositions of the invention are prepared ahead of tine 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 transferred to a hot pl ate whhgle ghas been preset at the desired

processing _tenperature. Once the wafer is set onto the hot plate, a digital
timer is started. Once ft heWtfeestlabl i shed tinme has expired the wafer [is
removed ang i di ately Rhnsed wilt h d&%}"ked del?@’ F of deyi neralli zed
water froma MRS 1l MITUNET Hsed WS s obseP\¥8nd ket FOFYe 1o
dry. Addit}onalgggpger vatl onspar e [t pkanyiaielvba | e CRaree [ @GOCHESLe T[N al |
cases, inttoduction of fhe nonongr was obtalned by the addition of a
premade st pck $8IBAI on. The%@ stccmeYlgmq grsolwer eNetdnisan sed ofClaan

hydr ophi i ¢ - ot afRg—a—watetr—spttblte—or—wat persi bl e
or water d fFSaer Dnongq) ( np‘i ﬁé]ﬁf'e@)yCOIThe AsHGhanes 105&16%

sel ected f IrgyRBAT GEReNUT T1 HHNCTT|0RRhELd PRSI0 IRoCORRAT N NT @k, €a3t one
metal sul fonate group attached tq an arona ic nucleaus that|are water

sol ubl e or {water dispersible or temﬂdﬂséwpatlble deternmned to be at| or
greater thar—0-5—wei-ght-%-concentration—{+—e—monerer—n—water)—Sueh

nononers are well known to those skilled in the art and include such
nmononer s astidatd i T ﬁ’[?!i'ca’ﬂﬁé?ﬂidﬁmo%ﬁiofr@ oPEthgieRt @wcenele@myieel glgéashars of
5-sul foi sophthalic acid, ethylene glycol dieSters of 5-sul f0|sphthallc
aci d, al kyldiethgleneglycof ethers gorﬁtemsrcg)meamOdecabardvelehtymormneencesabs of 5-

5- sulf0|soph C.ac aci d

ol e Se o B ER unf iTard o QoS Rl BRI s cFeafifietiomBog ton T BB

aryl oxybenzegiaskitiiginediRsess t@ani@ nfolas rediesen were et hyl ene glycol,
di et hyl ene gl ycol, triethylene glycol, propylene glycol, dlethylene gl ycol

nmet hyl et her {Eastnan DM Sol vent), dlethylene gl ycol ethyI et her {East man
Example 4
Table 5 contains the results from a cleaning study conducted for polyimide
10  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 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
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DE Sol vent), diethylene glycol propyl ether {Eastman DP Sol vent),

di et hyl ene gl ycol butyl ether {Eastnman DB Sol vent), ethyl ene glycol propyl
et her { EawOreary/HEBB430l vent), and et hyl ene gl ycol butyl etrhemUspEasvoTan EB
Solvent). In a screening study, solutions were attenpted for each of the
nmononmer and sol vent pairings at 10, 20, and 30 wt % solids. These stock

sol utions were prepared by adding the solvent to a roundbottoned flask with
an agitator, condenser, and nitrogen source connected. The appropriate
amount of the nmononer was then added, and the m xture was heated with
agitation until ghenseliubbatv@s AREEHASHnidd R&id RRhGS diffich4e g ahpt i on
of the cleaning conposition by weight % of the conponents and the cleaning
condi ti ons @thet Bhrext ot novaad resinf dily Vienessof bfghihbasd matdrnaty sproeeds. The term
"Cl ean” neans o te val . of photoresist resin by visual jnspection,
“Not 01 ean-Pyretinovsgh fadRTBER b e BRve FistRE B Eudesiiglt Pl SRER oo T on,
and " No sChaggperaiRaBRal@l WRfrC alh @RidERG! o RIRALIOTSRIEL ull&Sithe WAl ed
under process conditions by visual inspection. Solutions of the sodiumsalt
of the di etthyklsaringlpyessss giekevated t0208%Sul f oi sophthalic acid (1) in

di et hyl ene glycol (DEG are used to illustrate the invention in the

foll ow ng exanples. Exanple 3 illustrates the use of other

5-sul f oi sopbkdvapiecs nononers. Exanple 1 Table 2 contains the results froma

cleani ng study cpmle6iceatalRithdR4eItafomastBakiRaitedy asndiRfarbPaIylidred@bl € 1.
Resin was cured for 15 mnutes at 200 degrees C. Process tenperatures for

t hgl cl eléhi n@aéqda?géiemt@di?@ ablledr é%@ifoya&%e?iéﬂgrlléégif@,tesaiﬁdﬁ@@@gm@g@-ees C.
Table 2 | -,Sodi j |
S outt of sopbithar ahadatyBiind 1R BN ERS ¥ BF 1B ClaPhogressi and

gl ycol et hy200eddpedes Ex aRgButts dre 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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Tabl e 3 contains the results froma cl eaning study conducted for Phost
resin coated as described in Table 1. Resin was cured for 15 mnutes at 200
degr ees GNVOAD10/1absaNni ng conpositions are conprised of 6ParSsubfoed yest er,
24 wt % DE Solvent, with the remaining 70 w % bei ng conprised of two
additives as noted in Table 4. Process tenperatures for the cleaning stage
were 100 degrees C, 150 degrees C, and 200 degrees C Table 3 | - Sodium
salt of the diethylene glycol diester of 5-sulfoisophthalic acid DEG -

Di et hyl ene Bloy&Qheribersiatasadi the cRiaginstaRav Gl Y00 UegblyC, B0 WordesaRhes 1 and
2 denonstrate the general utility of invention in cleaning cured novol ac
and pol yhyd#W¥xdestegséne resins fromsilica wafers. In the case of

pol yhydr oxystyrene resin (Exanple 2), all cleaning conpositions were
effective in renoving cured resin usi gllgd[k?gl ani ng conditions of 100-1500C
from30 to 60 seconds. For novol ac resi e-?Exarrpl el), cleaning required
process-tepperatures greater than 1000C tao achieve satisfactory rennval of
resin al thpugh soneSoltiondwt¥s not ed unher al | rPpoetsddomditidng i ons. | nf both
exanples, Jt was| found [resgmaticqul d be [ qopuedoy PIDPOEI £15000S [Copb|r N ng
DE sol vent| g4l [t ippGof| sugdo solfuspBsaoul d grnef i|tfo} bEs ["HBRGE$TE NForYos

Vi scosity ed toutitTze tjhe Tnv ﬁgﬁnén yartous|{coati g pr OCES
SURL S

SLeps. S Tabhe |4 Solb ToutipurEouEl iy ATER ! PORIAN 11 an

ont Al ina ol a
T L AL

conduct ed pe—test—EerpastterHs—gqonrtatb+i
5-sodi osul f oi soplht nal i 4 acid (S PA 5
(Li SI PA), L&84%t hoildie (gl 31cH1% diledd-@0%
(EGSI PA dister)|, and tlhe di et hyl ene gl|ycoSomthyl| et her|di ester of
5- sodi osul | il 3%phthgd%d a48.aD% DESIPB0%i lest €tepas dl €danng Ctoapoqi tGleas o
renpve novol aSodditf sRIRbY hediQKyiehy 56061 digsiérbY.5-seRRiddphiMali€acidr ed for 1

m nutes at pPEG - Diethylene glycol

DE Solvent — Diethylene glycol ethyl ether

VW

“1 SemEosdl £ oi sopht hal i d aci d
sCleandi qsfleani soblranalli Claa d

10 The cleaning compositions presented in Example 6 were designed 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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200 degrees C. Process tenperatures for the cleaning stage were 100 degrees
C for 60 seconds. Table 4 The data in Table 4 indicates conpositions of

et hyl ene wbyowoli108d7et hyl ene gl ycol and di et hyl ene gl ycolpCetusesis/oewnt ai ni ng

| ower nol ecul ar wei ght nononelic salts of 5- sulfosulfonic acid and rel ated
esters performwell as cleaning conpositions to Phost resin, but little
success cl eaning novolac resin. Exanple 4 Table 5 contains the results from
a cl eaning study conducted for polyinmde resin coated as described in Table

1. Resin was cured for 1ﬁamgut¢§a,ﬂﬁgk§gﬂ@eggqr@neﬁregﬁess t enper at ures
for the cleaning age 100 _degrees C, degrees C and/v\_ié degrees C

gg)d;/ﬁ:nl g;lstd‘ééé{gw%ﬁet h | Cdne ul fols
- Di et hyl ene Tgkyasfic 6 Splvent i et hyI ne gI ycoI P@’nhy
monoet hanollam negiiEB - ppt %@B% tlert - bulo3 deEx Moliéin? | SORERST SCleht | cur ed

pol yi m de r{esir P frfficutftto crean than g P of 'ac
resin. Only t orhiné #dg JMDBBAsi|c mat &0 s suchﬁégﬁl ié{?gg:ﬁ(l)l %EK%A and

KTB i n the jadgitite—coppprent—proguced—desirable—estuts—pnl-owjenperature
cl eaned wafler é‘orﬂlﬁt“‘ez(?l%enc@)mgsgttack i somstt ed unLeBeant 1eEyTtéﬂp ar]éagﬂ%e of
t he cl eani ng_pr dbid | levated tlo 2000C__Exanplle 5 Tabl &8¢ Hn t he

resul ts frorameliedl E@l%t&t@tma@gdé%ﬂ@d aﬂ@ﬁr@@ﬁt}@ 200 Fluid fowmdaeeaMedil
descri bed iGhehabdle 1. Resin was cured for 15 minutes at 150 degrees C.

Process t emDDBSArakdeoylbéizenesuifanicngidst age were 100 degrees C, 150 degrees
C, and 300 degrees C. Results are tabul ated bel ow.

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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Table 6 |

gl ycol

ei t her

Phost or

Sodium salt of the diethylene glycol
5-sul foi sophthalic acid DEG -

novol ac resin but
resin for satisfactory renova
results froma cleaning study conducted for

described in Table 1. V\afﬁlbsey\ecgaﬁmgeﬂeg‘uws fg,SAm)nu:tR&,@t 150 degr ees

Di et hyl ene gl ycol

of

resin.

etwgl20evies47VEA - nonoet hanol am ne KTB -

di ester
DE Sol ven

of
t

Di et hyl ene

pot assi BRETIUS2A100M70KI de
Exanpl e 5 suggests that cured acrylic resinis nore difficult to clean than

C. Process t [ €.
degrees C, | legddit A
gl ycol di et &r(s): 5-5! b B0 . ) ethvl-ene gl ycol e,
Sol vent - D %I&ne L é@l et y The cl eahi Mgre0 Mo SHattiabn$
in Exanpl e |6 & g% be specifli cal 'y hyfr opkabi ¢ (Opsk o¢artdh)
order to alll Qw penetfyatjo the cleaning conpogition inNtQ the resNa.
conposi tions ]I?’l‘g % eréLAréB? edent key dondi fions|tha2hrd N %L"é’édr Cldafl
af fect pr oper perforpance, gnpieatdr 14 Turther [TTragdat atle pahe) et padalof
the inventi OAE%\Mﬁ@r 5 Ili’e(\/(3ﬁb g cufjgy photoresist || a(\zggn as| dered | bediahoy
wer e coat ed—wth—forputattonsdescribed—mart—=a$ Lﬁﬁ TOp IIUV'P‘M 1
phot or esi st b;iEAGS')p cHIEA2)h orHA(fdl&l rgV%htemtﬂ)m | A, Qr{ oces&Iea ol mghali d
wer e prepared—according—to—Tahtre—8—andyjapptied—to—tsSopret . .
DGA (40) | *NMPQ0) | HA(40) . Clean | Portial | Partia
Clean Clean
Partial Partial Partial
MEA (40) | NMP(20) HA(30) ) Clean Clean Clean
: Partial No
AEEA(40) | NMP(20) HA(30) Water (10) Clean Clean Clean
AEEA(25) MEA(15) NMP(20) HA(40) No Clean | No Clean Cll\:;n
DGA (40) | DMAC(20) | HA(40) - Clean Clean Clean
MEA (40) | DMAC(20) | HA(40) - Clean };::;1 Clean
Partial No
AEEA(40) | DMAC(20) | HA(30) | Water (10) Clean | NoClean | 0"
AEEA(25) | MEA(15) | DMAC(20) | HA(40) Clean | No Clean CI]‘:;H
7 Partial Partial
DMSO(70) HA(30) - - Clean Clean Clean
DMSO(86) | *DEGEE(6) | AEEA *TMAH Clean Clean 12;2::
Partial Partial Partial
DMSO(88) MEA(6) TMAH(6) Clean Clean Clean

10

'DGA - diglycolamine

’HA — 50% hydroxylamine in water

*MEA — monoethanolamine

*AEEA - N-(2-aminoethyl)ethanolamine
SNMP - N-methyl 2-pyrrolidinone
’DMAC - N,N-dimethyl acetamide
"DMSO - dimethylsulfoxide

8DEGEE - Diethylene glycol ethyl ether

*TMAH - tetramethylammonium hydroxide
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coated wafer pieces cured 15 mnutes at 1500C per Table 1. The wafer pieces
were immedi ately heated to the target tenperature for 60 seconds, and

ri nsed wiwb 20m0847The ef fecti veness of photoresist renmpcaluseas/opardged by
vi sual inspection.Table 8: Cl eaning Results for Isoprene Resin Aromatic 100
Fluid, Aromatic 150 Fluid and Aromatic 200 Fluid from ExxonMobil|l Chem cal
2DDBSA - dodecyl benzenesul fonic acid Exanple 8 Fornul ati ons were prepared
according to Table 9 and applied to acrylic coated wafer pieces cured 15
mnutes at 15Q0CREdatd @ifindd inThsb1¥ed 8id PikEQse MaA g difforadifaialixidigat ed to
the target tenperature for 60 seconds, and rinsed with water. The

ef f ect i venenay b ugsdde effefiphotaremsivemovil aceardmedo Hie methad of thegpeantiosn IDGA -

di gl ycol am ne 2HA - 50% hvdr oxyl ami ne . t VEA, .- noet hanol anl ne
e 2 R BBuRTR oS O B FERCTUAS il cHReihe Rfirion BP9 SRR "6 L
- N, N-di netihyt opebERiIse@e ¢80 Thid caebdiritatdoby GampBRinGebptinikfiohy | ene
gl ycol ethyl ether 9TMAH - tetranet hyl ammoni um hydr oxi deThe data cont ai ned

in Tabl 8s 8 and Bhe indenipnchaghagn describedoinrdetask with pegticnlar pefgrepee i9sed to

ef fect photoresi st vV ' a1 f . t.he | ntion. It
shoul d be ot %g'e§ ﬁgltﬁ)gg%%ksttg%gi’?ﬁuggeéﬂveel dgighoggq{l‘ﬁé’ abgﬁ%ﬁh :ﬁgn of a water
i nsol ubl e haadifiesitidikan bé BffsasE® withtrethe spititand &dvpb@f tid ingéaitie. by t enperature
optim zation. The 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 effected within the spirit and scope of
the invention. WHAT IS CLAIMED I'S: 1. A conposition for cleaning organic
resin frominorgani c substrates
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conprising: a solvent or mxture of solvents; and a netal sulfonate salt of
i sophthalic acid, a netal sulfonate salt of a isophthalic acid diester, or
a conbi navpoaniwiesseof where the sul fonate group is attaehedscaobbg7ar omati c
nucl eus and the netal is selected fromlithium sodium or potassium and

m xtures thereof at a weight % of greater than 0.5% wherein the solvent is
sel ected fromthe group consisting of ethylene glycol, diethylene glycol,
triethylene glycol, propylene glycol, diethylene glycol ethyl ether,

di et hyl ene WF%CFP;S ggklggmﬂgwr di et hyl ene gl ycol butyl ether, diethylene
gl ycol propy yiene glycol propyl ether, ethylene egcoI but yl

et her and nii. xt ursompesieai for2leaming @gaposdsin fmmaoc@anhlcrsgbstmtasl aim 1,

wherein the solvent is at a weight % of fromabout 40%to about 97% 3. The

conposi tion accdllIf§™o claim 2, wherein the solvent is at a weight % of

from about 60%to ab%lv‘?&n%nﬁxm&mté h@h for renoving organic resin
frominorgani c substrates conprising, an organic solvent or mxture of

sol vent$§ at a wei ght @mefal sulGmatsmittofGscpdshabe abidua m@kl e9iformtasalt ofet al

sul fonate salt af ht c.acid t te i sopht halic
2o 0 drester  onseprihgmdifsict nep elpPunar et Hhere Alckirgdgong i
attached to the A2 Ot hMehRAUS nablud Ael ﬂﬁ@h@étalh§s§&h&¢fr@ﬂ Ifthimg,! i t hi um
sodi um or potassium and m xtures thereoff at a weight % of greater than

0.5% and at | eaotiuoher aduwssibmengtmickirenthareeéat cweiht Holmedtiorthamee’at a
wei ght % of from abouv%heprelgjt% E&\’QIR lyge]gc?écpf{%m the group consisting of ethylene

10 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 butyl ether and mixtures thereof.

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

from about 40% to about 97%.

3. The composition according to claim 2, wherein the solvent is at a weight % of
from about 60% to about 90 %.
20 ‘
4. A composition for removing organic resin from inorganic substrates
comprising,
an organic solvent or mixture of solvents at a weight % of from about
0.5% to about 95.0%, and
25 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 potassium and mixtures thereoff at a weight % of greater than
0.5%, and
30 at least one additive which enhances cleaning performance at a weight
% of from about 0.01% to about 99.0%,
wherein the solvent is selected from the group consisting of ethylene
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wherein the solvent is selected fromthe group consisting of

et hyl enegl ycol, diethylene glycol, triethylene glycol, propylene glycol,

di et hyl enwogbiciabs4et hyl et her, diethyl ene glycol nethyl perhseqiodoerhyl ene

gl ycol butyl ether, diethylene glycol propyl ether, ethylene glycol propyl
et her, ethylene glycol butyl ether and m xtures thereof . 5. The
conposition according to Claim4, wherein the solvent is at a weight % of
from about 40%to about 97 % the nonomer is at a weight % of from about 2%

to about 59% andyddredia@dichi g cbs tﬁéthﬂeﬁ@ggbél %dgfylcﬁqeamcabmthﬂa/ﬁéo about
50% 6. The conp05|t|on according to erein the additive is

sel ected from t elyepl 6thy! ebas |dsqthYignfbglymhmﬁhmlmthﬁtddl@m)’b@e ghycglibutet nar y
anmoni um hydr oxi a X|de an
el enental al koxi gﬁér lﬁﬁ‘yg% ﬁﬁcggpfwgf%g?r © de?ﬁgyc(? ro??'{?até%r éﬁllg 5#di ng to
Cl aim 6, wherei rglyaﬂba ketheY 8nd miaetceeheeébff rom t he group consi sting of

t et ranet hyl ammoni um hydr oxi de, tetraet hyl amoni um hydr oxi de,

benzyltﬁlnethylannonlun1hydrOX|de trlethylene t et ram ne, nonoethanolanine,

monoi sopr opsanol & &m q)'sﬂloXlCa%L&gl %r?r‘]bnorré% fy HérQ%QEg%\gent is atta wel t %.,0

1, 3- di am narret hyl benz cyc exane ass n1tert|ary

but yl hydroxi de, fréfichboutd09% esaicue D@ of, thémoﬁhmemrﬁpas&eﬁgmm, a€ fomdibagt t 0
Claim4, wherein the addltgve i s met hanesul f onj ¢ 9C|d p-t ol uenesul f oni c
aci d, dodecyl benZéhe 2RRHt 8% and thecpdditpiers at aweight %9 ipth abali 16 (akqut o

acid, phosphoricspgid or a mxture thereof. 9. The conposition according to
CGaim4, further conprising an inhibitor, a surfactant or both. 10. A
met hod 1f0or renDV|ng organic resin from an i norgani c substrate conprising,

(9 Coat o 5ol gL gan G eai 1 8,21 11 8L Ropastl LS00 5 70
the group consisting of ammonium hydroxide, a quaternary ammonium
hydroxide, an amine, an alkanolamine, an elemental hydroxide, an elemental
alkoxide, and mixtures thereof.

15
7. The composition according to Claim 6, wherein the additive is selected from
the group consisting of tetramethylammonium hydroxide,
tetracthylammonium hydroxide, benzyltrimethylammonium hydroxide,
triethylene tetramine, monoethanolamine, monoisopropanolamine,
20 diglycolamine, 1,2-diaminoethane, 1,3-diaminomethylbenzene, 1,3-
diaminomethylcyclohexane, potassium tertiary butyl hydroxide, and mixtures

thereof.

8. The composition according to Claim 4, wherein the additive is
25 methanesulfonic acid, p-toluenesulfonic acid, dodecylbenzene sulfonic acid,

formic acid, sulfuric acid, nitric acid, phosphoric acid or a mixture thereof.

9. The composition according to Claim 4, further comprising an inhibitor, a
surfactant or both.
30
10. A method for removing organic resin from an inorganic substrate comprising,
(1v)  coating said organic resin with a stripping composition,
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to achi eve dissolution of the organic resin, and (vi) rinsing the substrate
with a volunme of a rinsing agent sufficient to renove the conposition and

t he or garwo 208gilsg47wherei n said coating results in a | aper/usko1®oni7ppi ng
conposition on the substrate that is about 1000 microns or less. 11. The
met hod according to claim 10, wherein the conposition conprises: a. an
organi ¢ solvent or m xture of organic solvents at a weight % of from about
0.5%to about 99.0% and b. at | east one water soluble, water dispersible
or water dissipatabl gvyoNnoR&kingdthesubBir&lBito YadMhperitars Madvt a Gnk%ufficieiout
99.0% 12. The nethod according to claim11l, wherein the conposition
further conprises at | east tomshiexadisselutionnf the osgammissis, addani ng per f or mance
at a weight %of fro bout t.,99 rdi ng
to Caim1ll, wherein e so?g%%ﬁlSugmﬁgg%wgfrhﬂd%ﬁéfa I&S Iﬁggg8§§?o
about 97 % the nopnoner |stoatemeegimtm%snfonfammma&gmtmE%ﬁ0 about 59% and
the additive is at a weight % of fromabout 1%to about 50% 14. The nmet hod
accordi g to cl aVherem sa P&“tSHBSWWﬁtoﬁ%nﬁénéé‘?@ﬂoﬁ“ﬁ@h?tﬂk? group

consi sting , lhene glycol, triethylene glycol,

propyl ene jﬁ%%&%pﬁﬁ? b%P%ﬁgkb ‘gFQXI et her, diethylene glycol nethyl

et her, dlethylene egcoI but yl ether dlethylene egcoI propyl ether,

ethylene glyc %ropyl et her, ethylene gl ycol butyl ether and m xt ur es

t her eof . Thel beRbad acesfigeg claimdOarherem t QW@Pﬁ“Phéohﬁﬂﬂﬁer i's
selected Tromthe ghoUAMONH G bPiflhreofBiklic SULLROM PweRhi y0df APt hal i c
acid, a netal sulfonat a Isophthafic acid diester, or

conbi natth on thereohbmhélﬁ%uhebsmﬁwdﬁaumgroup is attached to the aromatic

nucl eus and the netal is selecte? Erontl hlun% sodi P%ﬁassiuntand
m xt ures there Of t least one water soluble water ispersible or water d1551pa able monomer

at a weight % of from about 0.5% to about 99.0%,

12. The method according to claim 11, wherein the composition further comprises
15 at least one additive which enhances cleaning performance at a weight % of

from about 0.01% to about 99.0%,

13. The method according to Claim 11, wherein the solvent is at a weight % of
from about 40% to about 97 %, the monomer is at a weight % of from about
20 2% to about 59%, and the additive is at a weight % of from about 1% to about
50%.

14. The method according to claim 11, wherein the solvent is selected from the
group consisting of ethylene glycol, diethylene glycol, triethylene glycol,
25 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.

15.  The method according to claim 11, wherein the monomer is selected from the
30 group consisting of a metal sulfonate salt of isophthalic acid, a metal sulfonate

salt of a isophthalic acid diester, or a combination thereof where the sulfonate
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16. The met hod according to claim15, wherein the nononer is the diethylene
gl ycol diester of 5-sodiosulfoisophthalic acid . 17. The nethod accordi ng
to C ai mwo20warsa’n the additive is selected fromthe gCcoas2€0/08i73¢ i ng of
an amoni um hydr oxi de, a quaternary amoni um hydroxi de, an am ne, an

al kanol am ne, an el enental hydroxide, an el enental al koxide, and m xtures
thereof. 18. The nethod according to Claim17, wherein the additive is
selected fromthe group consisting of tetranethylamoni um hydroxide, N (2-

am noet hyl ) et hangl, g1 sN@racieal bRt Qﬁﬂ%ﬂ&l@ﬁemeﬂgﬁzis selected from

benzyl t ri met hyl anmoni um hydroxi de, triethylene tetram ne, nonoethanol am ne,
nmonoi sopr opanol dithiug), sddiging oopatassnen ahd Mixdiresthereef hane,

1, 3-di am nonet hyl benzene, 1, 3-di am nonet hyl cycl ohexane, potassiumtertiary
butyl hydroxide, and m xtures thereof. 19. The nethod according to daim

12, wherei ng he pgdhtinye abq%r&'iﬁ?"t’@@l%ﬁﬂ'l%?ﬂh@reﬁﬁh@ mdhohR} keme auhRgiL aci d,
dodecyl benzene sulfonic acid, Tormc acid, sulfuric acid, nitric acid,
phosphobi ¢ aci d glycd ddster of 8-spdieselédisophthalitiaeidvet hod according to O ai m 10,
further conprising an inhibitor, a surfactant or both. 2 1. The nethod
according to claim 10, wherein the substrate is heated to a tenperature of

bet ween about 25TKe hetha®asdordidd t&Cladr: 127 Mhereh Rthdanperiskélecté @ fishahen 10,
wherein the tenperature of the rinsing agent is between about 5 C and about

100 C.23. The mesrhuRicensistingiohgn emmdraiimhydroxidee p aipcmmtazy sngw@iwm r esi n
conprises a posiy d¥c‘>3x'i5Oqgg?rngé,%heaﬁ%a%to}agr@n@%%%}l%rﬁeﬁn&glgﬂgf&qget Oh Sfengpral 3,

mul ti-layer photoresist, em ca or esi st.
met hod 1@ccor di ntalkéxidd, andniliRtureshéreofn t he i norgani c substrate conprises a

sem conductive wafer, a flat panel display, or a printed circuit board.
18.  The method according to Claim 17, wherein the additive is selected from the
group consisting of tetramethylammonium hydroxide, N-(2-
aminoethyl)ethanolamine, tetraecthylammonium hydroxide,
15 benzyltrimethylammonium hydroxide, triethylene tetramine,
monoethanolamine, monoisopropanolamine, diglycolamine, 1,2-
diaminoethane, 1,3-diaminomethylbenzene, 1,3-diaminomethylcyclohexane,

potassium tertiary butyl hydroxide, and mixtures thereof.
20 19. The method according to Claim 12, wherein the additive is methanesulfonic
acid, p-toluenesulfonic acid, dodecylbenzene sulfonic acid, formic acid,

-sulfuric acid, nitric acid, phosphoric acid or a mixture thereof.

20.  The method according to Claim 10, further comprising an inhibitor, a
25 surfactant or both.

21.  The method according to claim 10, wherein the substrate is heated to a

temperature of between about 25° C to about 400° C.

30 22.  The method according to claim 10, wherein the temperature of the rinsing

agent is between about 5° C and about 100° C.
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25. The nmethod according to claim 10, wherein said coating conprises spray
coating, spin coating or slit coating. 26. The nethod according to claim
10, wher ewvo 20tver1084rmsi ng agent is water, acetone, isopropg¢ir/iskaoiooed77or

m xtures thereof. 27. A nethod for renoving organic resin froman inorganic
substrate conprising, (vii) coating said organic resin with a stripping
conposition, (viii) heating the substrate to a tenperature and for a tine
sufficient to achieve dissolution of the organic resin, and (ix) rinsing
the substragze Wtk Rethol 4R r@hgdo Elalifi i109wASRNH the biddntd REih compiieeye the
conposition and the organic resin; wherein said coating conprises spray
coating, spin coeesitivg-tone phatpregishginggative-tone photoresist, a multi-layer

photoresist, or a chemically amplified photoresist.

5 24,  The method according to claim 10, wherein the inorganic substrate comprises

a semiconductive wafer, a flat panel display, or a printed circuit board.

25.  The method according to claim 10, wherein said coating comprises spray

coating, spin coating or slit coating.

10
26. The method according to claim 10, wherein the rinsing agent is water, acetone,
isopropyl alcohol or mixtures thereof.
27. A method for removing organic resin from an inorganic substrate comprising,
15 (vil)  coating said organic resin with a stripping composition,
(viii) heating the substrate to a temperature and for a time sufficient
to achieve dissolution of the organic resin, and
(ix)  rinsing the substrate with a volume of a rinsing agent sufficient
to remove the composition and the organic resin;
20 wherein said coating comprises spray coating, spin coating or slit coating.
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