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di sclosure relates generally to the renoval of at |east one substance from
a substrate. In particular, the present disclosure relates to a nmethod for
use with a range of conpositions, which nmay apply to the renoval of both
anor phous and t hernoset polymers fromel ectroni c devices including, but not
limted to, sem conductor wafers, flat panel displays (FPDs), and ot her
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chem cal reaction within the material resulting in a solubility increase in
aqueous al kdtield cfltheWisgosuret o be di ssol ved and rinsed away with devel oper.
Where a negative-acting resist is used, cross-linking of the pol yner may
occur in the exposeipferahPaischBlierdifayigeaetiligXpIRe dempgaluTsat swdianged. The
unexposed regions may be subject to dissolution and rinsing by a suitable
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Co. Ltd. In positive photoresist applications, a substrate may be etched by
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the nmask agodefé){egtﬂ\égﬁv\xﬁefrﬁg|E8€ﬁéﬁ§)&§é%rsa§gfp‘ﬁﬂj\‘rﬁel%@%@%C ii ng, ionized and
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by-product, and that by-product is ventedqaway via the reduced pressure of
the plasma system These sanme gaseous species may al so inpact the

phot oresi st mask, for instance, by baking it into place and al so ejecting
car bon-cont ai ni ng byproducts into the plasma. Photoresist by-products my
mx wth other species in the plasma and are continually directed down
towards the substrate. These materials nmay condense to forma residue al ong
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known (Morrison, R T. and Boyd, R N., Oganic Chemstry, 3rd ed., Allyn &
Bacon, Inc., Boston MA, Ch. 16 (1973)). O eaning of etch residue and

over exposwo 2piradetcesi st masks resulting fromthe effect®CofUshat/opi4asma
etching may require the use of chemi cal strippers processed at el evated
tenperatures for extended periods of tine dependent upon the process and

t ool . Measurenment used to predict stripping challenges of bul k resins
i ncludes, for instance, thermal analysis determ nation of glass transition
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comon to acrylics. IThe dlry-fi | mformof acrylic photoresists may be chosen
wher e expOSLﬁ'oi”q'SrcP"le'o\F'%g' process conditions is required. As a result of

this exposure, tRogiivaphagredistdmyay bé BaeBs kpoptdsihgdif heeRordcRiresent a
stri pper chall enge. Resi st stripping conmpositions that include
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not limted to, nmercaptobenzotriazole (MBT) and related triazoles to, for

i nstance, prohibit attack upon adjacent nptallic features. An exenplary
inhibitor for these chem stries includes catachol, a toxic and
carcinogenic material. Further, rinse steps for hydrocarbon strippers of
this variety should use isopropanol (IPA) or related neutral and conpatible
solvents. This rinse practice, albeit a cost increase, may reduce the
effects of nmetal attack to adjacent netals due to a pHdrop during water
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There is a need, accordingly, for inproved stripping conpositions that may
renove the processed resist in a rapid nmanner while maintaining safety

t owar ds twe 20redaudeyi ng nmetal | urgy during rinsing wth dipsriushed/osd8¢ oni zed,
or dem neralized water, and preventing corrodi ng, gougi ng, dissolving,

dul ling, or otherwise marring the surfaces throughout the entire process.
Further, growing initiatives exist wwthin the industry to nove toward bei ng
"green." A green process and the associated chenm stries are those which may
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for dry-film and spin-on (wet) negative acrylics, respectively. Dry-film and

spin-on acrylics may offer an ability to deposit thick layers from 25 microns

(um) to 120 microns (um), used to pattern the corresponding solder bumps.
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Ii. at least one amne; iii. at |east one water soluble, water dispersible,
or water dissipatable polyner; and iv. at |east one nononer that is a
nono- am dwoani12a4dicam de, al one or further in conbi nati oRCRiUShO1a/08i48%t er ,
(b)heating a substrate to a tenperature and for a tinme sufficient to

achi eve renoval of the substance, and (c)rinsing the substrate with a
volunme of a rinsing agent sufficient to renove the conposition and the
subst ance. A further enbodi ment of the present disclosure concerns a
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| east one salcyesi- prlnllng af ptozass thmenayren@ose ihe. reatst ke bshtearmiohat bakiag! ubl e,
wat er di spersi bl e, wat er di ssipatable polyne and iv. at_ |east one
mononer t hat!n %Cﬁsﬁﬁh@%t@ dasractiyely; ﬁﬁ%@er @mmela&f negatiMeeiesish icdhbi nat i on

with a diest es[p%&% e atine
sufficient té?oé(ghl e{vézﬁtruggtg)(/g\ 0 ﬁée%gu fcﬁlgr?cem@\QAWﬁ@g?é&g)BYhe
substrate w Interaat‘im1aths'mfesa I\nam‘rﬂme@(lag@rund s fsotd ientha 0SAecompanyhe

iti h bst f nbodi t of th
orebent | df SMBLR REERBPTRAIOR. B Rersiiec U ST GooR a3, EMSTbst ance

fromat | easdas‘éﬂeco?ﬁ%)f aT ﬁ‘e S‘Pﬂ@f“‘ ﬁidg/@be I@r%é‘é?\aﬁo'r ﬂgc@péﬂg%%etﬁéﬁm th a
conposi tion conprising: i. | east one vent; ii. | east one am ne;
and iii. at dxceed S@Qemmmwth haigh-gspeatvalioc . ,dwglnt \as oiigiti),cand witbne or
further in Ctﬁe pariern 8ef|r\1N{| to egh 8? ?r%ight sidewalls. Because of the unique
characteristics of the SU-8™ epoxy resin, photoresists of this variety may be
chosen to manufacture large devices, and may include microeletromechanical
systems (MEMS). The varieties of negative-tone photoresists may be
different from positive, their cleaning (removal) practice may be even more
rigorous. The SU-8™ photoresist may be considered to be a permanent
system, removed only with more complex, time, and costly practices.

As with many process involving photolithography, it may be desirable
to completely remove the photoresist from the substrate before proceeding to
the next process. Incomplete stripping of the photoresist may result in
irregularities during the next etching or deposition step, which may cause
quality and yield problems. For example, during solder bumping, resist
contamination may prevent metal solder from wetting to a metal pad during
the board assembly reflow processes, resulting in yield loss in a finished
assembly. The same photoresist contamination may be manifested as
organic contamination in front end of line device patterning and may result in
the same non-wetting problems in an etch or deposition process. Such
irregularities, no matter how small, may continue to magnify the problem
throughout manufacturing until, during final device assembly and testing, the
condition may lead to poor mechanical and electrical contacts, which produce
high resistance and heat, or worse, catastrophic electrical shorting.

Throughout each of these chemical processes, selectivity in

cleanliness and high throughput should be met without failure. Any problems
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(b)heating a substrate to a tenperature and for a tinme sufficient to

achi eve renoval of the substance, and (c)rinsing the substrate with a

vol une ofwea nimei4sg agent sufficient to renove the conpesirtisesniandst he
subst ance. Anot her enbodi ment of the present disclosure concerns a
conposition produced by conbining: at |east one solvent at a wei ght percent
ranging fromO0.5%to 99.5% at |east one am ne; and at | east one

sul fonat ed pol ynmer at wei ght percent ranging fromO0.5 to 99. 5% Yet
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materials such as full-cure polyimde and dry-film photaresi resi dues.
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met hods may al so renove ot her photoresists, for exanple, multi-I|ayer

phot or esi st SrE@@iWRHTHE, ¢hiorpEi 85 wellFstarbesicontainimg eomraugasi dn

he o oot ronvav o SRR el QA ARG AROR SR Biisy W IbRedt. 0t Ui e ays.

whi ch may i nehipaeatvues epssurayenditiond nsdy factlitsiteSusbehreastions & form

sem conduct or, and the associated organic materials. Exenplary substrate
material s i ie$QldBle sreciast alna eaciivity eohyRTexYIradRe With halidae RNEaciive con,
gal l'i um ar sepj Wala [N Bl ' I d
deramic, - oty ceBOLATy RIARO AR O ARE DN fionBor ¥pasrts, /8.8
"wat er - di speaikyl hlaéties, esismsdand, intsosnealegsas, piigromoledularayeigbt polgeress od to
refer to the activity of a water or aqueous solution on the nononer or
pol ymer (Conponent B). The termis specifgcally intended to cover those
situations wherein a water or aqueous solution dissolves and/or disperses

t he nononer or polynmer nmaterial therein and/or therethrough. The
terms "stripping," "renoving," and "cl eaning" are used interchangeably
t hroughout this specification. Likewi se, the terns "stripper,” "renover,"

and "cl eaning conposition" are used interchangeably. The term "coating” is

. o o, o o o



An enbodi nent of the disclosure concerns a nethod whereby a conposition
according to the present disclosure or other stripping conposition is

appl i ed aw0a0iZ/gwiod coating in direct contact with the ®abaiSanaesst489 be
renoved. In one enbodinment, the nethod includes heating anywhere from 25C
to 400C. I n another enbodinent, the nethod includes heating anywhere from
100C to 250C, for instance from 100C to 200C. According to one enbodi nent,
the process includes heating to a tenperature above the flash point of the

or gani ¢ sol { IS, PRese t bility
in tenperat \Jﬁl@mﬁa{}?@é}ﬁénﬂhﬁéﬁdﬁ@%gfﬁ bﬁ/@%h%ﬁﬂgts@ #f%{aﬁeA/ rng‘gnl C
subst ance. TB&cdredhdé. NBostodVIA Obes6 (197®)). rr@yearfm)g of eghavsigueramage from 5
seconds to 10 m nut es from 10 seconds to m nutes, or even from 30

seconds to @VW%RCES@ ‘sieesist maske r@ﬁ‘t"i'%frﬁﬂbﬂ&%ﬁqqtﬁ@f Ratplapda i nst ance,

range froml t ﬂg};e to 10
m nut es. Theéa@zp @%ﬁﬂ?ﬂ%&&%&étﬁ%ﬁ po %e rratener%{;#éd
removed, i tstetrfp]ecdrm%formtér@enmrwsmmme dependat upparpé rodass aandDhost or
Novol ac resi n the heating step could be from 15 seconds to 1 mnute.
However, fort Qlt her, nmore highly cured resins, the heating step may | ast
from2 to 4 m n“WéaéUre?d%’ﬂu%@B@&FrecﬁH“énéﬂﬁ Shhlissd ofBulk Resigg 9ani ¢
substance is conplete, rinsing w a rinsing agent” such as distilled,
dei oni zed, dnclddes,fer tistareae, m&rmal aaglyw degerfroinatian of glass tRInsgiongTehy be
facilitat ed . presence wat er-sqol ubl e nononer . or polymer in the
composi tion. I'r{)éT{lﬁf'\ée%}(rb'ﬂff rﬂg%jr mﬁg,b]eo r\éesd % %Qa?ijtll liongyst emfor the
or gani ¢ subsitieresists BAd rsﬁﬁweednérrgmum?sw Ffe’tliyﬂ%sﬂ'ﬁﬁvlelﬁél ngregent used
for rinsing can be at a tenperature raq%l fromb5 However

@ Ty

rinsing may PP G171 @ﬂﬂ@bn@@tﬁ@t 8a3RE OTEg frb@hﬁ@mwjg,w. ves.
:ﬁer ggﬁgf r;{bge gll@ﬁccfltoﬁeqq the %95é§ra?99?5s%gggsglx?ew Wﬂcﬁ?ﬁﬂfrﬁ Hja?/ depgpgrature of

Conposi t i onupyn tlhiétthlekne@ﬁdf the piHaJt@re@mcbaw eMo@chuwbleaammsera@drponent to
be a sol vent, srystem of the varieties that may incl ude one or nore esters
sel ected frdR¢ERECYIDIID Vﬂ@f@ﬂéﬁtioﬁérﬁ*thﬁméh?m%r Wit CroS§t ycol et her

?ZSOE%SHG?BCgt TW@R@ n/él)nf)lﬁgl) F:%’OO@(R%EEP%Q%% cfégct eaaélr oM st ruct ur es

(V) 1=180H, liying mmmpmmmosewovmmmemmon@w 1)

R11( OC2H4) nOH, H6) nOH, ket ones s ted fromstructures
(><)(R13c1)?:e1£§3’3£%ﬂ‘? '%%MGEEWQQ%% %‘%Sﬁﬂmc%to?b&h@( VKE ah‘i’@ $BECIERGSani des
such as N Nligabhid o) PeraticdalbdbergeLiyl acetam . and N e hy!

pyrol i done, wherein R5, R6, R7, R8, R9, R10, R1l1l, R12,
R13, R14, R15, ar@leammga(r@nonalépéptl@tmeq;stseéc@m&dué aomtmmaﬁgemeor ClL - Cl4
- al kyl gro g §ents are ea(tjln uni. t [an %fromlto 10.
Furthor , Ssuiteimne: cBe O Shiiars famPRERl oF Bramie soRPRls Al R uREs "auch as

cycl ohexanon@duanb@yea@@ﬁelmgmdenm @Yoslost inABitos) dinasuntdctaiy] Tket one,
esters such as isop rog acetate, ethyl acetate, but | acetate, ethyl

Ergpl onat e, REUEIND 39€H |Wﬁé@>@’|ar§é}¢nﬂast§l§€?r¢(btle§d@ Hi‘fé“t@Bﬂ@}e aéﬁH%ﬂS@-
ot opi onat o SRRYE! My f8A14b Sisselion Slol¥ie @Rl ShA R Bl e, o,

met hyl 3- nmﬂwhmmromouoatoéundewhg&Jmmm(manaldeammes eThetuisylof stripper
3- et hoxypropi onate, nethyl 3-et hox i onat e, methyl pyruvate and et hyl

pyruvat e, ethenasiticg f@fli)g/lﬂyp'v@tﬂ'?@r%e '¥§rd’ fdarag Y%‘éﬁ!&‘ﬁé Biritnge o the

et hyl enegly I

propyl ene gﬁ%bsﬂﬁ%ﬂ%&é?lﬁ?ﬁé ﬁ]erﬁ%ég\/g)@ﬁwg@lf %L QR/QM te gpgqﬁgc ‘as
et hyl enegl ycol nmmmwduaryleonmmabeepkaCGMremwm watal coppehyd capties

t at | | t h t,
A I LTI E NN A TN T,
ami de sol venigaah ARyl ifeinby lRCAIRE At (AAEAnindloNarliniLy | f or mani de,

and N-net hyl formanili'de, "and pyrrolidones such as N-nethyl pyrrolidone
(NVP), N et Hiavisas: bbivesee lt(wEPjoe tab raggregsinepior |capﬁ@r Dengze egthitecture

Sul T ur sont A aEERT A BYEs elRerd RERONE R s & B Doty by

sul fone and tetranethyl ene sul fone. Although these organic solvents may be
used either individually or in conbinatiog (i.e., as mxtures with others),
sonme enbodi nents of the solvent system contain diethylene glycol (DEG

East man Chem cal Conpany), diethylene glycol nononethyl ether (DM SOLVENT,
East nran Chem cal Conpany), diethylene glycol nonoethyl ether (DE SOLVENT,
East man Chem cal Conpany), or diethylene glycol nonopropyl ether (DP
SO_VENT East man Chem cal Corrpany) d| et hyI ene gI ycoI rmnobutyl et her (DB

P — -~ . ~ - o o o o o, o b



(iv) up to 75 nole percent of nononer residues of at |east one diol,
wherein said diol is other than a pol y(al kyl ene glycol). Sui t abl e
sul f opol yweter2/@eleyners for use in this invention are tRrOTAISRI0AIES

East man AQ(r) POLYMERS and East man AQ COPOLYESTERS. Exenpl ary pol yners may
i nclude, but are not limted to, polymers prepared from

di met hyl- 5-sodi osul f oi sophthal ate and its parent acid and salts, which may
be derived from such co-nononers as isophthalic acid, terephthalic acid,
succi ni ¢ aci - j j r | i eh L. ers.
biors may bl pEBEREPbR ATk s AR efed E1ch ML Ay

di et hyl ene gindcammaiidgbepeugty aed knbdwh &b el comeplgkivig @genpoioy @hghene

gl ycol, propylene glycol, 2-nmethyl propane diol, neopentyl glycol,

1, 6- hexanedi'BaYy ebgm(aimkqurmet@bf . The pol ymer may be sel ected
fromwat er sol ubl i I ; WSS i UL apol yesters
or pol yesteram de@%%&ghﬁg@%&épg g'rnr@(r:rlmt @%r#e@ﬂ]@g y’ﬂ%gm%ﬁ(?rp

sul f opol yestreasks magtiatindegceptibesty gomiel praleicdastuldrideadre etated porivaversg a

gl ycol residue and a di carbgxylic.acid residue and at | east one. :

i f unct i onal TELSARAMRER: cont AMALTATS T @ HaPS [ Pisbicg NGsRaT Sy edhick

aromat | ¢ nugiifys Taeighotdiesies MefoctielBiad té 6o Salitic Berymeptigig are vel

known to those skill n the art "and are a e from East'man Chemi cal
Conpany undeiue toghersaeaaherovfos Eastheemain@dgneNVERSNS) whishrin¢ludé ainyl such

sul f opol yesters can be djssol ved, ﬁ“ S q@setj or fot helrvvi Setpdi ssti pat egﬁi n
aqueous i sgBPEPSRAMTIRLICREHIGH Te BRENPLfaribel R VIRESIEs 508 Boe t er m
"residue" orchogeAR@RBlex aguﬂeSt@digdﬁo@éﬂF_rcm@@@‘chh@nrbh@ms patflireencAgigdi ng cl ai ms
refers to the noiety that is the resulting groduct of the chem cal species
in a particupault pEHRUds PyprsiEaciie aeaniag of dfyokilmumasks @nerresilefs ¢2aY pr oduct ,
regardl ess t - i is actually obtained fromthe chem cal
species. Th gg%@%gh%fgﬁ%eﬁgé hyl ene gl ycol residue in a polyester

refers to one or Ra&gist stfifpidGrddtrpositpeatthahintkiderarbhaitipguaeshary regardl ess
of whet her ethyl ene %:yycol_ I's used to prepare the pol yester,

h
af or edescr i FEAMIAIUFB HYEFONRR BWGHAS RRYZYKIMRIBYANEHOR erﬁélq@d@m‘%l}‘-heto

one of ordi i i IS E L aciida | ibove
Gescri pti on Do Pt et 4 AR AIBTupIRE, UX ghl% odtebioR lrbidrardier? o7
or condensahbricdeiractent viessy 0dt ddmeplatdlyrereact ardny drydimassisteefralinrae iviajer
esters thereof, as Loyed in the preparatiops set out in these patents.
Bampl s of L4ie: oRURY-comRstiRdRTSRe PR IRan barso saben Gy e
attached to ABIRRIIHENE WIVEY xBiiNthaSS AR dRVPoadkaRih&ahep@ankbPhenyl , or
the Iike, or whéréin the nucleus is cycloaliphatic such as”in 1,4

cycl ohexanediatégvsosgmpleteatgraoval of manysdryrfilail resistsit invgenarat, isemypaisitionst ed

pol ymer or noner ., the conposition may . include a, sulf t ed hydr otrope.
et osent at T80 HOMFGA FUSBE R aryaan T PR o Al BHERE or "o

i onomer, chageroXide ITMAR) i@ XNWIPIreay Aot E@Nplctsly RMsa/E Bany apgfirk réasat ed

pol ystyrenes.. A "hydrotrope" as used herein refers to an organi c substance
t hat i ncr eaddSsdisresseshalp@ie, ingprapletadisaeittan shaynprodipe Pagifes Hiaéeani n an

The surf ace Hcoms BFPURL EREMUARAMSh PRARGLFTER 08 207 D6 0 The

conposi tion may cSimlar egpdiihdeamtsg tieatoted fbr meydtivprbné phBfbresispbit theer cent
of an alkali or acid of organic qr i norg@ni_c ori gi n to include amoni um

hydr oxi de, dHRPRBATSH FRAH ¥RiRl¥s UFPRYIGRMIFIIES LRAWDAY (% USAH 9GRS or

m xed al kyl /, @El, e PR O] : IhcRig&oni um hydr oxi de
(TMAH), tet rrgé%dhgl amnla)lﬁlﬁ%m &gﬁoﬁj‘?@e@?@%&ﬂﬁ?%%%ﬁgﬁ%'|”fn nmet hyl ammoni um
_hydlro>éi de (mwmoh ar:aanjsnh/sensanﬁ_aasacﬁd,iml belyea squr&?ianieil, Iﬂi_gheadﬂitlynhags ]chat
i ncl ude nmonget hano ne, .nonoi sopr opanol.am ne,  di col am ne, el enenta
hydr oxi des, Gt TAURBATHEECABRAIEE Ft SOUIRIHALeR ol SIS TR oxi de- (KTE)
al kyl - sul f orddinGsriehs. S PreBrase i@ RAARDIbICRERIJEMVBMY arel ptURfIREttol oni ¢ (TSA),
and dodecyl benzene sul fonic acid (DDBSA), formc acid, fatty acids,

sul furi c acirderaaptodenzatiatoleoMBhpept oelatediitiadslesdn, fongbanas, pdefiibiied as a

Comp oxi ng, B ARG ERRTRATIE A @Y HABHT Y S oun

varieties, including benzylic hydroxides such as catechol, triazoles,

i m dazol es, borates, phosphates, and al kylz or elenental silicates,

et hyl enedi am netetraacetic acid, diethylenetriam nepentaacetic acid,
nitrilotriacetic acid, and 2, 4- pentanedi one, reducing sugars,

hydr oqui nones, gl yoxal, salicyl al dehyde, acids such as citric and ascorbic
acid, hydroxylam nes, or vanillin; and a surfactant chosen fromone or nore
of the known varieties, including nonionic nonyl-phenols and

. o, - e ~es~ 1 .. T T c



Spi n-coating the conmposition for this disclosure may involve dispensing the
material at the center of a substrate, and operating the equipnent at a | ow
rate of cwocuol2zad44eoti on speed (i.e. 100 revol uti ons per PRITMUS201p/051489 | ess) .
Liquid delivery may be done by a static nethod, whereby the fluid may
"puddl e" 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 tine

The subst r it CATERRH MG btaptohate BB MR odCrB8RNmnad L Fintidhcer nea

wi th edge behdefaiepaidratydescdrbos stippadiré obimigragridie shoukl essigbptopdnibe process
obj ecti ve. The mani pul ation of sgi n-speed may be a focus of nany
appar at us usEth) oF fetatedinerbal aed FempallieAlats. Thidnsap@ctier.albehanay
have a dire r I I ting
rosal s, A GoSEeRreel M EROBIREHEE o FLARLER bt b e T, o

| oss, howevep,a piirdrgpldaringivester mixsngdp siithadomstitneatsigetheestrippero Dee to .

Al ternatively, high spin-speeds result ip high nobility and high
mtoral | osommttliiGistes esgation the dse of Bidabarraersad oot

| ndustry, CofduRg5e 8boRLfre ABFndIMA KNGS SC uibRITHIY RSk rBRRI eved wi th
a spray-coating practice. Once the coatTng is conpleted, heat activation of
t he process fabgcatiomedi at el y proceed. Heat application nmay be
conducted through-several , paths. A sinple hot-plate may be used. This

equi res the SUbSTE £ BEHb el EYOHPEIE CqrBiER b i RaCs: Aarasiy
situations Waweed ol BitENes hayde idtiuebl By, the pev@fcr of g toeMB4dirifgat i onary
while heat is applied using a base-chuck or an overhead convective source,
e.g. hot metafly PpixEobehemicabadiusieeris pade by e Hpédhregriablesravailable

conmbi nati on ] | ogi.511.C C el NG respect to
controls an&gpﬁé géljgglifl%u c@r&%@%?&ﬁ?@a@?égﬁaﬁﬁgg’ 8@/8?@@&5@&@% ‘%’P%" in the
art of tool pgltesémrintetsive groesureapércrbass touykegitie d mahofdcawi, litd)a
conposition and organic resin may be renoved bty rinsing with a rinsing
agent ei t herCOgtaH Cpphasie iB&lacrPane By RIPFRE BB APaBIERQUL a changeThe
P g CORABHHUAN o bl bP AU SIS BTl Wi fend 2 SOl vency
envi ronment when used on' anor phous organi ¢ substances such as positive-tone
phot or esi st s2xpectdtienRhaspolpmeNadissbationaatest iayg indreasel odsuttagpis shodtenhen

diti i ncl ud derate t. t to 150 iti
hat cont ai REOPSS 7RI AEHOPT e SAQIOTR RE RIF YR LIae Sy<tom and -
wat er sol Ub'cﬁ)j@&%@%’théfﬁb’odé%s,cﬁ?ékﬁéis %ﬁoﬁbﬁ?@t@?%ﬁélsb%ré&é@'hﬁtgons of the

di scl osure nethod. Wien heated to a sufficient tenperature, rapi
modi fi cat i oringneasediterypediatgis and/onhagitatione ceentim@ddpadingiad ihe stripper

phot oresi st jinta the. ositi.on proceeds_rapidly t onpletion. Additives
Such as an SMeAPrgRE Sasne LuPSERRY Tay faiseAredugopdn Batiieatt
facilitate gnagacesietdte thé bbséiveiiby obrksrsud br 6theP bhBRomeRatRAIEAHRES a
Advant ages in using additives contained wthin the stripping conposition
may i ncl ude drapippeHodnares. ukiidher it wafeds oot expenemnca fags saMenked
phot oresi st whi l.e the. |nhihitor I c ing the
stripping an%é'ﬁ%ieﬂg'réﬁﬁﬁgt’ttﬂugcgg%géﬁh‘% éaﬁnégﬁgmoggé‘%lé%@%{@ﬁds may be
used for basic reaethe eempetiatureatontinuamdbeatnulifsinha be ifadllitated ine

posi ti ve-tongg'%ho_toresi sts, to include one or nore | ow nol ecul ar wej 8ht

candi dat es, PERAERGBMPLrAYFHOBDRLAGOHATIOR YWisks aoNgion ghewddengantrolle
th | am j g7l j ' D& ,
and combi nat e Sg et ey SRt FRLARS Rl Mool mag bedhdeless ifolgn °=9
phot or esi st increased petyndratiasdetiorpaithiiimirdasiagdemiperaiarali daeresistao be

d, th j i . i t | kal i ,. |\, t
hydroxi e, HECSRRDE Saleae basiapated BY hdliifaiad BEREEMLFEY o van
here for rermviswefiﬁ@&id@gﬁe@mH@égmnﬁem&}.opﬂérti@h@ﬂgalugglél\rov for renoval

of negative isoprene (rubber) resist and negatiVve-epoxy (
phot or esi st .preeeskingimbaidd, ingccordanseswith weMih bgwe eies teraperatwgaghialle

acrylic and polvimde, .the chai LR.SQMposition i s depepdent on the

ot or a1t o PERIVEDERa E gTIR S 4B AFBOS i AR EPSERE My bBinb: <
(non-polar) and the cross-1inked rubber system does not respond to al kalis,
only acids. Rubber photoresists may requi ge aromatic sol vents and

hydr ophobi ¢ aci ds, such as dodecyl benzene sul fonic acid. For negative epoxy
phot orest, the chem stry is hydrophilic (polar) and |ike the rubber

phot oresi sts, these systens al so nay not respond to alkalis. In one

enbodi ment, the systemis one that incorporates hydrophilic acids such as
met hanesul fonic acid (MSA) or sulfuric acid. These systens may contain the

. o o - M M



Equal quantities as 1:1 wiwwu % PB5 and PB5Wresin (Hydrite Chem cal Co,,
Brookfield W), dissolved in PGQVEA* as 20m % solids 2 Novolac Solid resin
wor ked upwe=oizgwied Anor phous, positive Equal quantiti e®CaAS2011/05748M %
REZI CURE 5200 and 3100 (SI G oup, Schenectady, NY), dissolved in PGQVEA* as
20mt % solids 3 Acrylic Dry-film Thernoset, negative Shipley GA-series
( GA- 20)

of the liquid, where the typical operating temperature does not exceed the

flashpoint of the liquid. Many companies set policy that is more restrictive

such as operating at 10°C below the flashpoint and setting the over

temperature to be the flashpoint. These criteria and others may be observed

in the processing of flat panel displays (FPDs).

Resist stripping at an FPD manufacturing plant may occur on large
substrates traveling on a conveyor from one chamber to another. The resist
may be stripped from the panel by a stripper delivered by a sprayer that floods
the entire glass surface, traveling to a rinse stage where distilled, deionized,
or demineralized water or an alternative solvent may be sprayed onto the
surface, and the process may be completed with a drying step that may
include a hot air knife. Stripping may be supported by at least two product
tanks that are separate and distinct and arranged in-line with the flow direction
of the parts. Substrates entering the tool may be first “washed” by the
chemistry in the first tank. The stripper may be sprayed onto the substrate
surface, and upon reacting with the resist and flowing off of the substrate, it
may be collected and returned to the tank where it may then be heated and
filtered such that any suspended and undissolved materials may be removed
from the bulk chemistry. The filtered and heated stripper may be then cycled
back to the spray chamber where it may be delivered to the substrate in a
continuous manner that optimizes the resist stripping process.

As the part travels on the conveyor from the first chamber supported by
tank #1 to the next chamber supported by tank #2, there may be a purity
change in the stripper. Although the conditions of operation for tank #2 may
be the same as that for tank #1, the amount of resist present may be lower
than that for tank #1. Typical processing times may be defined for chamber
#1 to offer a dwell time of the chemistry in contact with the resist that may
optimize resist stripping and maximum removal. Over time, tank #1 may
reach a maximum loading capacity for dissolved resist and a decision to
replace the contents may be necessary. When this occurs, the contents of

tank #1 may be sent to waste and replaced by the contents of tank #2. The



renmoved and applied direct, (Rhom & Haas, Inc. Marl borough, MA) 4 Polyimde
Li qui d Thernoset, Non- photoactive P1-2611 (HD M crosystens, Parlin, NJ) 5
| sopr ene wWOqui2h434ser noset, negative SC-RESI ST (Fuji fi | mPETaS2e10/05 16189
Materials, North Kingston, RI) *PGVEA propyl ene glycol nononethyl ether
acetate VWhere applicable, the organic substance was applied in the
manner of a coating using a Brewer Science, Inc. CB-100 coater and

foll owi ng standard protocol for applying the liquid formof the pol yner

ent 1o a o RRE B 2 ISR Psfaociln it Fiere e bt "o

negative Acrtyisi manesi, siie syettemnratagzmaéaud\mopérm@&ﬂatccuutetrtoavne@t gishiorght of a
br oad- band é{pe emtting at 365 nanoneters and of a high exposure dose of

0. 12W cn- sdeamelys thaﬁtP@@@é%é'PWeOfﬂ@ﬂSdBaMPGBGOHﬁ‘WGt%VSOPFIQﬂ't?cSWt% @¥posur e,

t he waf er Kk enperature
and tine d\évgog%e%?% ogﬁpét) *’é{érﬁg??’s%’%{ tﬁ%i’qg& emés]ﬁpﬁé ave )teen

pr epar ed, tttmcomeattﬂ@gg@nﬁmtemtwﬂ&nmﬂpebtlwy Trhethex perdsehe sinwankdnpl es
2-5 were all conducted identi ach usi t he, sane wafers and
randl T ng. pr EEREREY Mo GaE i e R AT HE e M NS CRERBRt wher e t ho

di scl osure reténnstra@ereﬁetﬁﬁégﬁhe@taowaeté SePlihisRint & Gouue: are prepared
ahead of time and al so set aside. The Inv nt|ve thod was tested by

appl yi ng t hesubstrajsomiayibenringed anaddsd. to a portion of the wafer surface.

The wafer was th i dlate tran erredt hot | ate that had been

preset at the des ee%t%&%té g'é'et](?%f?(\-f?z;? @é(aFﬁee\%epeﬁ%%'tgpFonto

the hot pl atgith mafygif hak aﬂl|ﬁBlrne\f&&tcﬁtsWIeEtdols(aﬂﬁaNtHﬂﬁtd?fyeoétéﬁ ghliéshed time

has expired, the wafer was renoved and i mredi atel%/ rinsed with distilled,
o

dei oni zed, droeRSHiNG Faglls.z bua heneh 16elopards meympwe froe) ora stationde@naiiasr was
observed and,sl B3R b B ed MEbAADh PBSERGAIEI0S, Ml Sdaligy and the

results were reco uct 1 on nononer

was obt ai nedotyte e rexddint atenfixad Iacar@ﬂaﬂlalesthecrihembtuy ety bd belheerst gk
solutions were conprised of a hydrophilic sol vent onent A) and a water
sol ubl e or vmr%y'na&%resmay@edwo\taﬂ  tp dag! FSB%BP@WBH@ngrPé}e iRVt B) .

The monorer s, fhasan oM‘F&%rﬁ? ﬁ&fréﬁt Jléé?rﬂh”g%F Sult{%‘hb'Js*ért?ft Hf?ﬂ/a'a

sul f ononomers contal nin east one nate group attached to an
aromat i ¢ nuctleanstartkat are wat er sol ubl e or water dispersible or water

di ssi pati bl e det dto,b t h t
Conaentrati on (i - B1orRunaret UhFuslBer Pccan Ae s S ol PR eRRnd o

those skill agiq fhetstéﬁfoﬁfﬁulaf’é?ﬂsthﬁﬁér%dqvéhh@w HRIREELE o@%dr@eadrgréé’élwn and
sodium salts of diethylene glycol diesters of 5- sulfoisophthalic acid,

et hyl ene gl yaheimigiriestreay befoubirdalpradticeiiolashieyes ddsired kiganifigest er s of

| f ht hal d. aryl d f ¥ ht b d
o~ sul 1 of sopaA TEngg e8] o BRbTerie® mclte SBaTBER AR WERBRL Ui  ona s,

al koxybenzert%ﬁﬂéé@f@t@r%m@we@éwlaﬂwh@rma@aﬁﬁugfs@b@trsﬁa THE s} went s chosen
were et hylene glycol, diethylene gly triethylene glycol, propylene

gl ycol , di etdhd eﬂ@ngwg&raanyrefﬂyqa@ﬂﬁ@r atleagtoﬁﬁhowrmmw ‘spiket gl ene

dLycol et BBl SRS TBC PN o B Pl SOF BBy ether
et hyl ene gl mlsm‘ggvattyénletcberbs(olﬁatatSWIStrEt% rﬁ&a\YEND)J,nngrtde einBy seange gh ycol

butyl et herdéEast man EB SOLVENT). In a screenl n stud sol uti ons were
attenpted fdrFRAER: waterHeay,Ba sRERYeshen the eat @g@ %thﬁbcorﬁé'”sand 30

Wt % sol i ds. g%@? tﬁgnér SQb WL aBRBINSER t?éé’zPﬁ’wffP*Eyln?éj% 'F&rtthst SflaEnt to a
round- bottone h "an agitator, condenser, and nitrogen source
connect ed. Tomd#mor mpy ioater amrd)uatjse)t:anabtfop’mnciaﬂang wa §lternse pusngitedof dry

air bubbles, and worse, contaminating the fabrication facilities by overflowing

stripper that may trigger electrical shorting and lead to a fire. Since no

surfactants are used, there may be irregular diffusion due to rising surface

tension from the organic stripper to the aqueous condition. Irregular mixing
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and the m xture was heated with agitation until the solution was obtained.
The tabl es include description of the cleaning conposition by weight

per cent oVothe/memponents and the cl eani ng conditi ons emrpraged1ts148est

ef fectiveness of the cleaning process. The term"C ean” neans conpl ete
removal of photoresist resin by visual inspection, "Not C ean" neans
partial renoval of photoresist resin by visual inspection, and "No Change"
means no indication that photoresist resin was attacked under process

NP T e e RS LR Ll
gl ycol ( DEGcomtrébuts edl atoeletdted icoabeionh eTienvensiva by prodect famid fowieg

exanpl es. Exanple 3 illustrates the use of other 5-sulfoisophthalic
nNoNomers. conditjoq @ﬁ&@ﬁl%@'@ﬁdlmro‘i@ﬁ FBeine Wikhneyytral selvents élrb@”l gester was

obt ai ned by ; Lt o] ; I | utions

were conpri s%{)}?rgﬁ ggblh@%?)dp%%tiﬁ@f%@r&%?%%%%%? B%ta%-%g%gse&g?%f@%l ubl e

or wat er di spansfabturers; itwaerpensies apdiaatdrempollijyreazdr@onponent B). The

pol ymers chosen re various, sul fo[)ol)%/ﬁst.ers of djfferent gl af)s transition
giNg'y: gs!

tenperatures and VIZEHSPRNEES: BFCY; @ iMR{ayed SKPPEIRGR 9rs Hiales.
Such pol yner i I 1@kt 4 i il abl e,
for inst ancer,ﬁaﬁ%rrr]]%%iqér(rg%gﬁld ‘({:%%@chﬁgﬂg i/c?ﬁﬁlggre?: gﬁgétﬁggﬁhéﬁ%%gféf ast man
AQ POLYMERS.towargsathei undesilyjngsmetallsiodyf dpany desiog svittaaishitedd icedrlizest or

di spersed or_ ot herwi se di.ssipated in.aqueous dispersions, for instance, at
Lenper at ur oS EPNEGHIZEH WSS R REekeMy R TG dTie S e SRR ST oy

the i nventi athémabe BearriRg theserfacds ﬂhlrdilhgrﬁﬂjt&hb efel prabeds) BGh&OL YMER,

East man AQ 48 ULTRA PCL R, Eastman AQ 55S POLYMER, East ONE S85030

COPOL YESTER, drewstcniaiiatiges ggisiwitbR: the NBIcEMPEe Yo d peing naiieeny A350
COPOLYESTER, TEF e o e

et hyl ene gl ﬂgg’q pgﬁé%%%he(ﬁgeé%%cgﬁ?gﬁﬁgﬁﬁmsn%%gﬁ@g%w{%@op I%ﬁgcé\l%col ,

di ﬁt IhyI eﬂe gdliémnhtenmeEWesﬁTlgéél\?rérEasm @ﬁﬂa%ﬂdS@}éEb@?ancds.etA:@ybmrl‘:@ t?_d(t;lgeol

et hyl ether ast man _ \ i et ene cal pro et her ast man
DP SOLVENT) ,A@Péﬁmp@ﬁ@’@/ﬁ%@f?&ﬂﬁ&e% é@?m(%g{%ﬁﬁfh’f%@@@ﬁ?émﬁf’?!vee(ﬁ BV ene

gl ycol propyl. Pde g‘é@\g et hyl ene gl ycol butyl ether
(East man EB F;é&’@%‘ﬁﬁhétﬁﬁﬁa scrfEEen?? g stu%er,n%s lutions were attenpted for
each of the pol yrn#éhesndrganio/dietecirids dnegsseal, tHedde rR2dy bamdc@Qinuirp isedd fts. | n
addi tion, solutions of, East map AQQ‘%SS PAQLYMER ﬁnd East man AQ 48 ULTRA
POLYMER eactPraEeSRsSAh Synpastirs ﬂ%\fcrl‘a?éﬂae? O SHECHVSY rmerh 1ok gl ycol
ether sol Ve"ﬁo‘h{m&hB? BlissbRirg 86Y ity I SvrRBARAteRY REiditRE unBerigiagYent

to a round-bottonmed flask wth an agitator, condenser, and nitrogen Source
connect ed. Thwhskps. olvrdasies aposiiive gihotdresists, ithiereuntip pelaysistiler ands t hen
added, and the.m xture(%/\fas heated with a itaﬁéoq ur}fib tlhe sol ution was

obt ai ned. DEPEHAFRYG PG 0L PRESPREP “RHPOISARNSIQi §Tlargval¥ deti¥®sol i ds

| oadi ng, t heygighet fremsa vEbStrateatigtbut delitéheisafedteadtpicuhemetar vari ous
times ranging from90C for 30 mnutes to 180C for 70 m nutes. Table 2 bel ow
summar i zes tfRakEest btrllkdnibe 6ase of Bagatig-nsHhatPEssts.dhe seREsBE®th whi ch

t he pol yest ey, di i £ i il I i.ned
sol ubl e on c‘%(c') |§?}%%r\éggsﬁ%ggﬁsdoh#ﬂg%&'agé@%ﬁ?‘lgh@g’ '?egﬁ&/réaw&g'eé f@cﬁg? i ng.
"Bad Sol uti cupstrateewithosteddlatevibus leffectsiteradjduers ohétdsfeaturesi nsol ubl e in the
sol vents under the preparation conditions or the solution forned was

unstabl e in the sNoM¢ tQIRd® aqgsygiaIAdaress 1961"8MAYASPeISOt HESBIG n whi ch a

| uti f : t [ : i : d a bad
ol Uti on at SEEETRES At YTRLTAHERIEE, (R I, I AR ded S Boce™ -
whi ch the sgrotésmihat o ssgaponedebyed toa thabinag eebpleviapebpiocessieguf ipatted si gns
of potential . |long-term.instabilit but m ght be of | ue r further
ot uly. * Based S HIG WEtPb aviRy: Seleteriots SR ietnsdiste ThEraiest s onab e
sol utions W&tih@ﬁb%ﬁﬁai?%&é t}ﬁ@%ibrc%l‘@ct?‘é{?ﬂc% ﬂ@u@ﬁ?ftcﬁﬁe‘@%@rﬁ thrbhgh had in

bot h cases been cured at 1 or 15 mnutes. In each case, a snall anpunt

of sol uti on ingEC\En@ thedafiety pleeperations.addueingithe use oighemisigs angnedi at el y
heated to 10 for 60 nds, then imediately wash Wi t st ream of
nater at andrPercpdipaBaRREn of ek T B R SRl e T o

eval uate conpl eteness of resin renoval. Only those bl ends that were judged
to exhibit excellent cleaning performanceifpy visual exam nation were deened
as passing. Table 3 summarizes the results. Table 3: C eaning of Novol ac
(N) and Phost (P): (G deaned; F-Failed) WD 2012/044460PCT/US2011/051489
The conposition conprising diethylene glycol ethyl ether and Eastnan AQ 48
ULTRA POLYMER at solids |oadings ranging from10 wt% all the way up to 40
wt % were found to exhibit broad performance cl eaning both Phost and Novol ac
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Process Conditions | DEG DE Sol vent 150C for 60s 150C for 90s 200C for 30s
200C for 60s 29.64% 70. 36% 0. 00% Not Cl ean O ean Not d ean C ean 15.96%
WO 2012/044460 PCT/US2011/051489

together, there is a need to provide a consistent and universal process, which
uses compositions of matter that vary depending upon the performance needs
of the polymer or residue to be removed, which provides high performance,
high throughput, a green process, at a reduced cost of ownership.

Summary
One embodiment of the present disclosure concerns a composition

comprising:

at least one solvent;

at least one amine;

at least one sulfonated polymer; and

at least one monomer that is a mono-amide or a diamide, alone
or further in combination with a diester,

wherein the at least one solvent comprises at least one ethylene
glycol moiety or at least one propylene glycol moiety and wherein the
length of the at least one glycol moiety or the at least one propylene
glycol moiety ranges from 1 to 5 carbon atoms;

wherein at least one end group of the at least one solvent
comprises ether functionality or alkyl ether functionality; and wherein
the length of at least one endgroup ranges from 1 to 6 carbon atoms.
Another embodiment of the present disclosure concerns a composition

comprising:

at least one solvent;

at least one amine; and

at least one monomer that is a mono-amide or a diamide, alone
or further in combination with a diester,

wherein the at least one solvent comprises at least one ethylene
glycol moiety or at least one propylene glycol moiety and wherein the
length of the at least one glycol moiety or the at least one propylene
glycol moiety ranges from 1 to 5 carbon atoms;

wherein at least one end group of the at least one solvent
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comprises ether functionality or alkyl ether functionality; and wherein
the length of at least one endgroup ranges from 1 to 6 carbon atoms.

Yet another embodiment of the present disclosure concerns a method
for removing at least one substance from at least one substrate comprising:
(a) coating a substance with a composition comprising:
i.  atleast one solvent;
ii. atleast one amine;
iii. atleast one water soluble, water dispersible, or
water dissipatable polymer; and
iv.  atleast one monomer that is a mono-amide or a
diamide, alone or further in combination with a
diester,
(b) heating a substrate to a temperature and for a time
sufficient to achieve removal of the substance, and
(€) rinsing the substrate with a volume of a rinsing agent
sufficient to remove the composition and the substance.

A further embodiment of the present disclosure concerns a method for
removing at least one substance from at least one substrate comprising:
(a) coating a substance with a composition comprising:
i.  atleast one solvent;
ii. atleast one amine;
iii. atleast one water soluble, water dispersible, or
water dissipatable polymer; and
iv.  atleast one monomer that is a mono-amide or a
diamide, alone or further in combination with a
diester,
(b) heating a substrate to a temperature and for a time
sufficient to achieve removal of the substance, and

(€) rinsing the substrate with a volume of a rinsing agent

13



Not Cl ean 25.08% 59. 92% 15. 00% Not Cl ean Cl ean Not Clean Not Clean | -
Sodium salt of the diethylene glycol diester of 5-sulfoisophthalic acid DEC
- Di et hylwopeoglosewsh DE Sol vent - Di et hyl ene gl ycol ethylpCetuser11mzaspl e 2
Table 5 contains the results froma cl eaning study conducted for Phost
resin coated as described in Table 1. Resin was cured for 15 m nutes at
200C. All cleaning conpositions are conprised of 6 w % sul fopol yester, 24
wt % DE Sol vent, with the remaining 70 wt % bei ng conpri sed of two additives

150G and 200G Tabi e 5 Sor SRR oh cp s s Esbior B e AR, Vent
100C for
Still a further embodiment of the present disclosure concerns a method
for removing at least one substance from at least one substrate comprising:
(a) coating a substance with a composition comprising:
i. atleast one solvent;
ii. atleast one amine;and
iii.  atleast one monomer that is a mono-amide or a
diamide, alone or further in combination with a
diester,
(b) heating a substrate to a temperature and for a time
sufficient to achieve removal of the substance, and
(c) rinsing the substrate with a volume of a rinsing agent
sufficient to remove the composition and the substance.

Another embodiment of the present disclosure concerns a composition
produced by combining:
at least one solvent at a weight percent ranging from 0.5% to 99.5%;
at least one amine; and
at least one sulfonated polymer at weight percent ranging from
0.5 10 99.5%.

Yet another embodiment of the present disclosure concerns a
composition produced by combining:
at least one solvent at a weight percent ranging from 0.5% to 99.5%;
at least one amine; and
at least one sulfonated monomer at weight percent ranging from
0.1% t0 99.5%.
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30s 100C for 60s 150C for 60s 29.64% 70. 36% 0. 00% Cl ean C ean C ean 15.96%
84.04% 0. 00% Cl ean Cl ean O ean 25.08% 74.92% 0. 00% Cl ean d ean C ean
WO 2012/044460 PCT/US2011/051489

Detailed Description

The present disclosure provides stripping compositions and methods,
which may quickly and effectively remove polymeric organic substances from,
for instance, inorganic substrates, including metallic, non-metallic, and
metalized non-metallic substrates or from, for instance, organic substrates,
including polymeric substrates, plastics, and wood based substrates or from,
for instance, carbon based materials, including graphene, graphite and
organic siloxanes, e.g, silsesquioxane

In an embodiment, the stripping composition comprises a water-soluble
sulfonated polymer or sulfonated monomer and various additives, which
effectively remove organic substances and their residues of thermoplastic or
thermoset nature that comprise the basis for fabricating microcircuits in
electronic manufacturing. According to one embodiment, the process may
define a practice of coating the composition onto the substrate, heating the
substrate to a specific temperature for a given time sufficient to achieve
modification including both dissolution and/or release of the organic
substance, and finishing with removal of the by-product by rinsing with a
rinsing agent, such as water. The composition and method may work
together to provide performance and other desired goals in manufacturing that
may not be seen in conventional stripper processes. Although the organic
substances to be removed may be cured to a hard and chemically resistant
framework when exposed to the customer's process, the compositions and
methods of the present disclosure are found to maintain acceptable
performance.

The compositions and methods of the present disclosure may have
particular applicability to semiconductor wafer fabrication, for example, in the
removal of organic films and residues from semiconductor wafers. Such
organic substances are present, for example, on post-etched wafers during
front-end processing or in back-end wafer-level-packaging during a wafer
bumping process. The compositions and methods are particularly suitable for
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15. 96% 38. 04% 46. 00% Cl ean C ean C ean 25.08% 59. 92% 15. 00% C ean C ean
Clean | - Sodiumsalt of the diethylene glycol diester of

5- sul f oi swphotealsemoaci d DEC - Di et hyl ene gl ycol DE Sol veot/vS20ia5t3$$ ene

gl ycol ethyl ether Exanples 1 and 2 denonstrate the utility of invention

I n cleaning cured Novol ac and pol yhydroxystyrene resins fromsilica wafers.
In the case of pol yhydroxystyrene resin (Exanple 2), all cleaning
conpositions were effective in renoving cured resin using cleaning

(Beampl o 1) et 8o Ro pFERR0T e I AR AR Sp LAt LRARE" 1002 1o

achi eve sat igfigintids gndelmpfimh phbtoresisiresidussugh sonme renoval is noted under
all reported conditions. In both exanples, it was found resins could be
removed by conposiVhil@Hie BseR! HisalgSEEe BRWAasH StrippigptomPasitiansiE ol vent

coul d benefi e g s TRAGGHERM ctRbI eHERR 661@%ri§§?§%ﬂc *sgb's‘tfahlcéérﬁgfrhs
i nvention in various coating process steps. anpl e abl'e 6
cont ai ns t hesubstatd, st hapmso od adapted fst tatgoving ghotardsists thasinctaigposi ti ons

S 1 £ bt ol (IBsORSIEl GoLE NaVpBES) Bagrestt B BRkUAS) E1d Eab Rieaber of 5.
sodi 0sul 1 of sapbabheefchehd FEIbRA ARSI ol 4l Rebylmng ol yool

et hyl et her ter ’5-sq I osul Qi'sop alic acid (DESI PA di ester)as
cl eani ng corrpbbeén); and epoxy Greova)-BOVphacvalnas gielaohyal loxpsitge olyimds, ns.

esins et eialebotedR (BE S BlerRRCon R ISRE (AR ARt ol o
and methods may also remove other photoresists, for example, multi-layer
photoresists and chemically amplified photoresists. These organic substances
may be 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. Exemplary substrate materials include, for
example, semiconductor materials such as silicon, gallium arsenide, indium
phosphide, and sapphire, as well as glass and ceramic.

Whenever the term “water-dissipatable” or “water-dispersible” is used
in this description, it may be understood to refer to the activity of a water or
aqueous solution on the monomer or polymer (Component B). The term is
specifically intended to cover those situations wherein a water or aqueous
solution dissolves and/or disperses the monomer or polymer material therein
and/or therethrough.

The terms “stripping,” “removing,” and “cleaning” are used
interchangeably throughout this specification. Likewise, the terms “stripper,”
‘remover,” and “cleaning composition” are used interchangeably. The term
“coating” is defined as a method for applying a film to a substrate such as
spray coating, puddle coating, slit-coating or immersing. The terms “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
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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
composition, unless otherwise indicated.

A process according to the present disclosure may involve submerging
the inorganic substrate in a bath of the composition according to the present
disclosure or by applying the composition as a coating to the substrate. Once
the substrate is submerged in the composition or the composition is applied
and covers, or coats, the entire area, heating of the substrate may begin. A
rapid rate of heating may occur until the desired temperature is reached and
is held for a desired period of time. Alternatively, the bath into which the
substrate is submerged maybe maintained at the desired temperature.
Rinsing with a rinsing agent may occur and may be followed by a drying step.
The total method of practice may involve three (3) distinct steps, namely,
coating, heating, and rinsing. However, the steps are not required to be
carried out in the order provided. For example, the substrate may first be
heated before application of coating. As used herein, the term “rinsing agent”
includes any solvent that removes the composition and material to be
stripped. Examples of rinsing agents include, but are not limited to, water, pH
modified water, acetone, alcohols, for example, isopropyl alcohol and
methanol, Dimethylsulfoxide (DMSO), N-methylpyrrolidone (NMP), Glycol
Palmitate, Polysorbate 80, Polysorbate 60, Polysorbate 20, Sodium Lauryl
Sulfate, Coco Glucoside, Lauryl-7 Sulfate, Sodium Lauryl Glucose
Carboxylate, Lauryl Glucoside, Disodium Cocoyl Glutamate, Laureth-7
Citrate, Disodium Cocoamphodiacetate, nonionic Gemini surfactants
including, for example, those sold under the tradename ENVIROGEM 360,
Oxirane polymer surfactants including, for example, those sold under the
tradename SURFYNOL 2502, and poloxamine surfactants, including, for
example, those sold under the tradename TETRONIC 701 and mixtures
thereof. Further, the rinsing agent can be water containing a sulfonated
monomer or polymer according to the invention in an amount ranging from

less than 1% to the limit of solubility.
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Di et hyl ene glycol ethyl ether Not Cean Clean The data in Table 6

I ndi cat es conpositions of ethylene glycol, diethylene glycol and diethyl ene
gl ycol etwensi12amteai ni ng | ower nol ecul ar wei ght nononer PCTABR413/06f489

5-sul fosulfonic acid and rel ated esters performwell as cleaning
conpositions to Phost resin, but little success cleaning Novol ac resin.
Exanple 4 Table 7 contains the results froma cl eaning study conducted for
polyim de resin coated as described in Table 1. Resin was cured for 15

mnutes ai 150C. fuaceasyhERPOALYEod 0k CHREEISARIALFNAGRNYEL © 100G

150C, and 200C at rious urat| s are ed bel ow.
WO 2012/ 044 450m5aditidsadddr8mya8Ind @bés:‘enf dlagureor bm&@strﬁﬁmﬁgssrrﬁi@@dnohl ons |

DEG DE Sol vent 2- Pyrolle MEA KTB 150C ,
is applied as a liquid coating in direct contact with the substance to be
removed. In one embodiment, the method includes heating anywhere from
25°C to 400°C. In another embodiment, the method includes heating
anywhere from 100°C to 250°C, for instance from 100°C to 200°C. According
to one embodiment, the process includes heating to a temperature above the
flash point of the organic solvent that is present in the stripping composition.
Variability in temperature may depend upon the nature and thickness of the
organic substance. The heating step process time may, for instance, range
from 5 seconds to 10 minutes, from 10 seconds to 8 minutes, or even from 30
seconds to 4 minutes. Moreover, the entire process time may, for instance,
range from less than 15 seconds to 180 seconds or from 5 minutes to 10
minutes. The variability in time may depend upon the material to be removed,
its thickness, and exposure condition. For example, for a Phost or Novolac
resin, the heating step could be from 15 seconds to 1 minute. However, for
other, more highly cured resins, the heating step may last from 2 to 4 minutes
or even longer. Once the diffusion of the organic substance is complete,
rinsing with a rinsing agent such as distilled, deionized, or demineralized
water may be performed.

Rinsing may be facilitated by the presence of the water-soluble
monomer or polymer in the composition. This monomer or polymer performs
as a carrier system for the organic substance to be removed from the
substrate. The rinsing agent used for rinsing can be at a temperature ranging
from 5°C to 100°C. However, rinsing may also occur at room temperature
and may perform 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 disclosure include a major
component to be a solvent system of the varieties that may include one or

more esters selected from the group consisting of structures (1) R-COzRy,
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glycol ether esters of structures (1) Ro-CO>CoH4(OCoH4)n-ORs, (I11) Rs-
CO2C3H6(OC3Hg)n-ORs and (1V) RgOCO2R-, alcohols selected from
structures (V) RsOH, (VI) RoOC2H4(OC2H4)nOH, (VII) R100OC3sHe(OCsHe)nOH,
(VI R+11(OC2H4)nOH, and (IX) Ri12(OCsHs)nOH, ketones selected from
structures (X) R13CORy4, sulfoxides selected from structure (XI) R1sSOR s,
and amides such as N,N-dimethyl formamide, N,N-dimethyl acetamide, and
N-methyl pyrolidone, wherein R, R+, Rz, Rs, R4, Rs, Re, R7, Rs, Re, R1o, R11,
Ri2, R1s, Ri4, R1s, and Rye are independently selected from hydrogen or C4 —
C14 - alkyl groups and n represents a repeating unit ranging from 1 to 10.
Further, suitable 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 (BLO), ethyl 2-
hydroxypropionate (ethyl lactate (EL)), ethyl 2-hydroxy-2-methyl propionate,
ethyl hydroxyacetate, ethyl 2-hydroxy-3-methyl butanoate, methyl 3-
methoxypropionate, ethyl 3-methoxy propionate, ethyl 3-ethoxypropionate,
methyl 3-ethoxy propionate, methyl pyruvate, and ethyl pyruvate, ethers and
glycol ethers such as diisopropyl ether, ethyleneglycol monomethyl ether,
ethyleneglycol monoethyl ether, and propylene glycol monomethyl ether
(PGME), glycol ether esters such as ethyleneglycol monoethyl ether acetate,
propyleneglycol methyl ether acetate (PGMEA), and propyleneglycol propyl
ether acetate, aromatic solvents such as methylbenzene, dimethylbenzene,
anisole, and nitrobenzene, amide solvents such as N,N-dimethylacetamide
(DMAC), N,N-dimethylformamide, and N-methylformanilide, and pyrrolidones
such as N-methylpyrrolidone (NMP), N-ethylpyrrolidone (NEP),
dimethylpiperidone, 2-pyrrole, N-hydroxyethyl-2-pyrrolidone (HEP), N-
cyclohexyl-2-pyrrolidone (CHP), and sulfur containing solvents such as
dimethyl sulfoxide (DMSO), dimethyl sulfone and tetramethylene sulfone.
Although these organic solvents may be used either individually or in
combination (i.e., as mixtures with others), some embodiments of the solvent

system contain diethylene glycol (DEG, Eastman Chemical Company),
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diethylene glycol monomethyl ether (DM SOLVENT, Eastman Chemical
Company), diethylene glycol monoethyl ether (DE SOLVENT, Eastman
Chemical Company), or diethylene glycol monopropyl ether (DP SOLVENT,
Eastman Chemical Company), diethylene glycol monobutyl ether (DB
SOLVENT, Eastman Chemical Company) halogenated solvents including, for
example, benzylchloride, hydrocarbon based solvents including, for example,
those sold under the tradenames AROMATIC 100 and AROMATIC 150,
sulfuric acid, or mixtures thereof.

According to another embodiment, the compositions of the present
disclosure comprise one or more solvents chosen from solvents comprising at
least one ethylene glycol moiety or at least one propylene glycol moiety,
wherein the length of the at least one ethylene glycol moiety or the at least
one propylene glycol moiety ranges from 1 to 5 carbon atoms. Further, at
least one end group of the solvent comprises ether functionality or alkyl ether
functionality where the at least one end group has a length ranging from 1 to 6
carbon atoms.

In some embodiments, the solvent is selected from the one or more of
ethylene glycol, diethylene 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.

An embodiment of the composition includes at least one solvent at a
weight percent ranging from 0.5 weight percent to 99.5 weight percent. In one
embodiment, the solvent is present in the solvent composition at a weight
percent ranging from 40% to 97% or at a weight percent from 60% to 90 %.

In an embodiment, the composition also contains a monomer, which
exhibits the property of water solubility, water dispersibility, or water
dissipatability present in a range from 0.1 to 99.5 weight percent and derived
from, but not limited to, multifunctional sulfomonomers containing at least one
metal sulfonate group attached to an aromatic nucleus that are water soluble

or water dispersible or water dissipatable determined 0.1 weight percent, for
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The composition includes at least one of these said monomers at 0.1 weight

percent to 99.5 weight percent. In one embodiment, the monomer is present

in the composition at a weight percent ranging from 0.5 to 99.5 or at a weight

percent ranging from 0.1 to 5 or at a weight percent ranging from 1 to 5 or ata

weight percent ranging from 2 to 59 or at a weight percent ranging from 5

weight percent to 35 weight percent.

Examples of water soluble monomers may be selected from metal
sulfonate salts of isophthalic acid, terephthalic acid, succinic acid, methylene
carboxylic acid, and benzoic acid; metal sulfonate salts of a diester of
isophthalic acid, terephthalic acid, succinic acid, methylene carboxylic acid,
and benzoic acid; or a combination thereof, wherein the sulfonate group is
attached to the aromatic nucleus and the metal is selected from lithium,
sodium, or potassium and mixtures thereof. In Exemplary monomers include,
but are not limited to, 5-sodiosulfoisophthalic acid and salts and esters of the
same, such as, the diethylene glycol diester of 5-sodiosulfoisophthalic acid.

In some embodiments, the composition may contain a polymer, which
exhibits the property of water solubility, water dispersibility, or water
dissipatability present at a range from 0.5 to 99.5 weight percent and derived
from, but not limited to, alcohol ethoxylates, bisphenol ethoxylates and
propoxylates, alkylbenzene salts, cellulose acetate phthalate, cellulosic
derivatives of alkoxyethyl and hydroxypropyl, copolymers of ethylene and
propylene oxide, dendritic polyesters, ethoxylated amines, ethoxylated alcohol
salts, ethylene acrylic acid, hydroxy-methacrylates, phosphate esters,
polyethylene glycols, polyethylene imine, polyethylene oxides, polyvinyl
alcohol, polyvinyl pyrollidinone, starch, styrene maleic anhydride, sulfonated
acrylics, sulfonated polystyrenes, sulfonated polyamides, sulfopolyester of the
linear or branched formula, or rosin acids. The composition may include one
or more of these polymers at 1.0 weight percent to 99.5 weight percent. In

one embodiment, the polymer is present in the solvent composition at a
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weight percent ranging from 5.0 to 99.5 or at a weight percent ranging from 10
to 99.5 or at a weight percent ranging from 5.0 to 25.0 or at a weight percent
ranging from 1.5 to 60.0 or at a weight percent ranging from 2.0 to 30.0 or at a
weight percent ranging from 12.0 to 60.0 or at a weight percent ranging from
15.0 to 30.0.

In an embodiment, the water soluble polymer includes one or more
sulfonated polyesters (sulfopolyesters) of the linear or branched varieties
respectively, or mixtures thereof. The sulfopolyester is comprised of

(i) monomer residues of at least one dicarboxylic acid; and

(ii) 4 to 25 mole percent, based on the total of all acid and
hydroxyl equivalents, of monomer residues of at least one difunctional
sulfomonomer containing at least one metal sulfonate group bonded to
an aromatic ring, wherein the functional groups are hydroxy or carboxyl
or amino and the metal of the sulfonate group is Na, Li, K, Mg, Ca, Cu,

Ni, Fe and mixtures thereof ; and optionally

(iiiy monomer residues of at least one poly(alkyene glycol)
having the formula

—(OCH2CH,),— wherein n is 2 to 500, provided that the mole percent of

such residues in inversely proportional to the value of n; and

(iv) up to 75 mole percent of monomer residues of at least one
diol, wherein said diol is other than a poly(alkylene glycol).

Suitable sulfopolyester polymers for use in this invention are those
known as Eastman AQ® POLYMERS and Eastman AQ COPOLYESTERS.
Exemplary polymers may include, but are not limited to, polymers prepared
from dimethyl-5-sodiosulfoisophthalate and its parent acid and salts, which
may be derived from such co-monomers as isophthalic acid, terephthalic acid,
succinic acid, benzoic acid, methylene carboxylic acid and their esters. Diols
may be used with such acid co-monomers such as, for example, diethylene
glycol, ethylene glycol, triethylene glycol, polyethylene glycol, propylene
glycol, 2-methyl propane diol, neopentyl glycol, 1,6-hexanediol, and mixtures

thereof.
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The polymer may be selected from water soluble, water dispersible, or
water-dissipating sulfopolyesters or polyesteramides (herein after referred to
collectively as sulfopolyesters) containing ether groups and sulfonate groups
having a glycol residue and a dicarboxylic acid residue and at least one
difunctional co-monomer containing a sulfonate group attached to an aromatic
nucleus and in the form of a metallic salt. Such polymers are well known to
those skilled in the art and are available from Eastman Chemical Company
under the tradename of Eastman AQ POLYMERS. In particular, such
sulfopolyesters can be dissolved, dispersed or otherwise dissipated in
aqueous dispersions, preferably at temperatures of less than 80°C. The term
“residue” or “component” as used in the specification and concluding claims
refers to the moiety that is the resulting product of the chemical species in a
particular reaction scheme or later formulation or chemical product, regardless
of whether the moiety is actually obtained from the chemical species. Thus,
for example, an ethylene glycol residue in a polyester refers to one or more
—OCH,CH>O- repeat units in the polyester, regardless of whether ethylene
glycol is used to prepare the polyester.

The aforedescribed polyester material may be prepared by any method
known to one of ordinary skill in the art. The use of the term “acid” in the
above description and in the appended claims includes the various ester
forming or condensable derivatives of the acid reactants such as the dimethyl
esters thereof as employed in the preparations set out in these patents.
Examples of sulfo-monomers are those wherein the sulfonate group is
attached to an aromatic nucleus such as benzene, naphthalene, biphenyl, or
the like, or wherein the nucleus is cycloaliphatic such asin 1,4-
cyclohexanedicarboxylic acid.

As an alternative to the sulfonated polymer or monomer, the
composition may include a sulfonated hydrotrope. Representative
hydroptropes include, for example, xylene sulfonate or an ionomer, chosen
from, for example, sulfonated polyamides and sulfonated polystyrenes.. A
“hydrotrope” as used herein refers to an organic substance that increases the
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solubility of surfactants and other substances in an aqueous solution.
Hydrotropes are not surfactants; they do not adsorb onto the surface or
interface and do not form micelles.

Additives to the composition may comprise 100 parts-per-million (ppm)
to 99 weight percent of an alkali or acid of organic or inorganic origin to
include ammonium hydroxide, quaternary hydroxides or tetra-alkyl ammonium
hydroxides or mixed alkyl/aryl ammonium hydroxide, such as tetramethyl
ammonium hydroxide (TMAH), tetraethyl ammonium hydroxide (TEAH), and
benzyltrimethyl ammonium hydroxide (BTMAH), amines such as triethylene
tetramine, alkanolamines that 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, fatty acids, sulfuric acid, nitric acid, or phosphoric
acids; an inhibitor defined as a protecting agent for substrate composition that
may include chelating, complexing, or reducing agents, comprising at least
one of the known varieties, including benzylic hydroxides such as catechol,
triazoles, imidazoles, borates, phosphates, and alkyl or elemental silicates,
ethylenediaminetetraacetic acid, diethylenetriaminepentaacetic acid,
nitrilotriacetic acid, and 2,4-pentanedione, reducing sugars, hydroquinones,
glyoxal, salicylaldehyde, acids such as citric and ascorbic acid,
hydroxylamines, or vanillin; and a surfactant chosen from one or more of the
known varieties, including nonionic nonyl-phenols and nonyl-ethoxylates,
nonionic Triton and PEG-based surfactants, anionic forms that include alkyl-
sulfonates, phosphate esters, succinates, sodium sulfonated dodecylbenzene,
and fluorinated systems and cationic forms that include quaternary
ammonium compounds, polyoxyethylene based amines and imiazoline based
surfactants. The additive may be present in an amount ranging from 0.1
weight percent to 95 weight percent, 1.0 weight percent to 50 weight percent,

or 5.0 weight percent to 35 weight percent.
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an amount from 5 weight % to 80 weight %, for instance from 10 weight % to

80 weight %, for instance 20 weight % to 80 weight %.

In one embodiment, the cleaning composition includes at least one
organic solvent at a weight percent ranging from 0.5% to 99.0%, at least one
sulfonated polymer or monomer at weight percent ranging from 0.5% to
99.0%, and at least one additive that enhances cleaning performance at a
weight percent ranging from 0.01% to 99.0%.

In another embodiment, the cleaning composition includes the solvent
at a weight percent ranging from 30% to 95 %, the monomer or polymer at a
weight percent ranging from 0.25% to 60%, and the additive at a weight
percent ranging from 2% to 60%.

The composition may also include an inhibitor that acts as a protecting
agent for the substrate composition. The inhibitors 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 acid,
nitrilotriacetic acid, and 2,4-pentanedione, reducing sugars, hydroquinones,
glyoxal, salicylaldehyde, fatty acids such as citric and ascorbic acid,
hydroxylamines, or vanillin.

In one embodiment, the composition includes at least one compound
that includes a nitrogen substituent that will react with at least one ester on
the polymer or monomer to form an amide. In another embodiment, the at
least one compound that includes a nitrogen substituent is an additive. In yet
another embodiment, the at least one compound that includes a nitrogen
substituent is an inhibitor. In one embodiment, the at least one compound
that includes a nitrogen substituent reacts with two esters on the polymer or

monomer to form a diamide in a composition of the present disclosure. In one
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embodiment, the at least one compound that includes a nitrogen substituent
reacts with one ester on the polymer or monomer to form a mono-amide. In
another embodiment, the at least one compound that includes a nitrogen
substituent reacts with at least one diester on the polymer or monomer to form
a composition comprising at least one diester, mono-amide, and diamide. In
one embodiment, the at least one compound that includes a nitrogen
substituent is an amine. Exemplary amines include, but are not limited to,
triethylene tetramine, alkanolamines that include monoethanolamine,
monoisopropanolamine, diglycolamine. In another embodiment, the at least
one compound that includes a nitrogen substituent is nitric acid. In yet
another embodiment, the at least one compound that includes a nitrogen
substituent is chosen from triazoles, imidazoles, ethylenediaminetetraacetic
acid, diethylenetriaminepentaacetic acid, nitrilotriacetic acid, hydroxylamines,
and mixtures thereof. Nitrogen-containing compounds suitable for use herein
would be readily apparent to one of ordinary skill in the art. In one
embodiment, the at least one compound that includes a nitrogen substituent is
present at a weight percent ranging from 0.01% to 99.0%.

The compositions according to the present disclosure may also include
a surfactant including at least one of the known varieties, including nonionic
nonyl-phenols and nonyl-ethoxylates, nonionic Triton and PEG-based
surfactants, anionic forms that include alkyl-sulfonates, phosphate esters, and
succinates, and fluorinated systems and cationic forms that include
quaternary ammonium compounds, polyoxyethylene based amines and
imiazoline based surfactants.

Contact may be made to the substrate by the composition via bath
submersion or using a coating practice. In microelectronic manufacturing,
spin coating may be a method of choice used to apply coatings to a substrate.
However, other methods exist to include spray coating, 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. Many coating applications are concerned with a high degree of
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composition applied to the substrate is maintained, for example to minimize
the total volume of the stripping composition. In this disclosed method, a
thickness shall be established, for instance on the order of a maximum value
of 1000 microns (1 pm =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 disclosure, the coating can be up to 800 microns
thick, from 200 to 600 microns thick, or from 300 to 400 microns thick.

Spin-coating the composition for this disclosure may involve dispensing
the material at the center of a substrate, and operating the equipment at a low
rate of circular motion speed (i.e. 100 revolutions per min, rpm, or less).

Liquid delivery may be done by a static method, whereby the fluid may
“puddle” onto the surface. A dynamic method may also be used where the
material is dispensed when the substrate is already in motion. During the
early stages for a new process set-up, the exact conditions of rom 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 to be concerned
with edge bead formation as this condition may be irrelevant to the process
objective.

The manipulation of spin-speed may be a focus of many apparatus
used in the microelectronics industry. Substrate rotation may have a direct
affect on these properties and produce different coating results. At low spin-
speeds, fluid mobility may be low with minor material loss, however,
irregularities in substrate coverage may also occur. Alternatively, high spin-
speeds may result in high mobility and high material loss. Although spin-
coating is a standard practice in the industry, coatings of acceptable thickness
uniformity may be achieved with a spray-coating practice. Once the coating is
completed, heat activation of the process may immediately proceed.

Heat application may be conducted through several paths. A simple

hot-plate may be used. This requires the substrate to be moved from one

27

To



Formul ati ons were prepared according to Table 10 and applied to isoprene
coated wafer pieces cured 15 mnutes at 150C per Table 1. The wafer pieces
wer e i mewoarelossdseat ed to the target tenperature for 60CTASoNd®s1480d
rinsed with water. The effectiveness of photoresist renoval was judged by
visual inspection. Table 10: Ceaning Results for Isoprene Resin 'Aromatic
100 Fluid, Aromatic 150 Fluid and Aromatic 200 Fl uid from ExxonMobi |

Chem cal 2DDBSA - dodecyl benzenesul fonic acid Exanple 8 Formul ati ons

ot ecen cur edoGARRRInG? iR Eids RRErE AR R Il BB '
i medi at el y rhept@diainostafiendrgngdle henpeappligcuding s0fasteciouksor @nd ri nsed

with water. The effectiveness of photoresist renoval was judged by visual
i nspect i on. OVENSAFI 0PvELiBe SeHTA8s2ed N sNeiBbPIRihPea 1adialtye e Resul ts for

Acrylic Resi; sotdl 8 s D 1 Dy er 3MEA -
m)nge!t hanol :ilﬁ‘flr%e 4 'I&J ?@?Wﬁﬁ’géﬁﬁﬁ%ﬁ%ﬁ@@%ﬁﬁﬁﬁﬁd 'Id%\ﬁc[et hyl
2- pyrrolidi rcomee6AVT redhddt tbh omtthyls aaddheougtieu? EAbBe-reddileddtgtmuled oxi de

S8DEGEE - D et hyl | | t hyl ther. 9TMAH - tet hyl. i
by ar o de By thosAekatiar et 60! eSieko) @aca §1HEPet ML G BE Moy

different f i i : rdi ng
GoMWed, tAB%o sﬂ%d’érl?cfo??q?gﬁ ifje@%%e nfr%algtcﬁé)ifé?ﬁd)\?éd bERRYiAY vdfiCe

to the method of the invention. It s oted that high tenperatures
may cause trinsifpagentieihestn anwgitaied baioh obbg diraztspriaycoomtacti n sone cases.

This can be mtigated by. tenperature optinjzation. anple 9. . .. In
contrast with 1 el 6% erBtine EGedutt: Sk P et v bE meimaig &
sul fonat ed PRl SNViIr6ARTRES WhePNFseeiodh amdirpito i Srgankpd Bistaddst8eh as
di spersi bl e, or dissipatable polynmers did not ormnearly as well. In

general, t hmitwh@nemms§_s/\@rt@ef%tvost@gé\los/@f)a?cgv?éiatiﬁSt W@SUWM@%S\G_%OI vents.
Process condid] oo Lapoaghl evbhgaRal Mians AR XRTEedpdenspding on
g. I'n t he

t he pol yner and sol ve pai t1 ng St “cases,

sol utions wejsoenssti@tiHae cantaimpbieahnieuraegistigudntonndi2aibg the sdbvemtnut es up
to 180C for 80 m nutes; however, the polyvinyl pé&ol | i done and the
dendritic pclYytdh@ndyier seitRlenBeNe B Bax beciraier andipiecessgdiatdde s ar | ess

15" ot ST EUED e HRRISR AR, A peRcH SR SEh R e
rapid modification including dissolution may occur 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 highly baked (i.e. >150°C) photoresists. Advantages in
using additives contained within the stripping composition may include
improved dissolution rates due to saponifying cross-linked photoresist while
the inhibitors may protect exposed metal during the stripping and rinsing
steps.

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

Similar to the review given here for removing coatings and residues
compositions also apply for removal of negative isoprene (rubber) resist and
negative-epoxy (SU-8™) photoresist. As determined for the positive
photoresist and negative acrylic and polyimide, the choice in composition is
dependent upon the material to remove. For negative-isoprene, the chemistry
is hydrophobic (non-polar) and the cross-linked rubber system does not
respond to alkalis, only acids. Rubber photoresists may 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 may not respond to alkalis. In one
embodiment, the system is one that incorporates hydrophilic acids such as
methanesulfonic acid (MSA) or sulfuric acid. These systems may contain the
water soluble polymer or monomer, to facilitate proper rinsing following

modification including dissolution and/or release of the photoresist.

EXAMPLES

The disclosure is further illustrated, without limitation, by the following
examples. All percentages given are by weight unless otherwise specified. In
these examples, the measurement of performance and selectivity of the
present disclosure 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 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 following items
in Table 1 represent the organic substances to be removed, their preparation
methods, and the sources from which they were procured.
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Table 1: List of Organic Resins Used to Demonstrate the Disclosure.

Eoual quantitiss as 111 wiwwi™
Solid resin Arorohous PES and PEEW resin (Hydrite
1 Phost worked up f, = Chemical Co., Brookdield W,
as liquid POSVE | dissoived in PGMEA® as 20wi%
sohds
Egual quantities as 11 wiwwi%
Solidresin |, . eus | REZICURE 5200 and 3100 (Sl
2 Novolac | worked up orpr U, Group, Schenectady, NY),
as liquid POSTVE | Gissolved in PGMEA* as 20wt%
solids
Shipley GA-series (GA-20)
. : Thermoset, removed and applied direct,
3 Acrylic Dry-film negative (Rhom & Haas, Inc.
Marlborough, MA)
Thermoset, :
4 Polyimide Liquid Non- Pl-2611 fDHD_Mlcrosystems,
: arlin, NJ)
photoactive
- Thermoset, | SC-RESIST (Fuijifilm Electronic
5 Isoprene Liquid negative Materials, North Kingston, RI)

*PGMEA: propylene glycol monomethyl ether acetate

Where applicable, the organic substance was applied in the manner of
a coating using 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 was coated, it was sent to a soft bake step for a
short 60 second hot plate bake at 100°C. For negative Acrylic resist, the
material was exposed to ultraviolet light of a broad-band type emitting at 365
nanometers and of a high exposure dose of 0.12W/cm?>-sec, for an excessive
period of 30 minutes. Following exposure, the wafer was post-exposure
baked at a predetermined hard bake temperature and time depending on the
resist. Once the wafer samples have been prepared, they are staged for
experimentation. The experiments in Examples 2-5 were all conducted
identical to each other using the same wafers and handling practices. Each
wafer was staged in the work station where the disclosure may be
demonstrated. Compositions of the disclosure are prepared ahead of time

and also set aside. The inventive method was tested by applying the
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In Examples 1-7, introduction of the monomer was obtained by the

addition of a premade stock solution. These stock solutions were comprised
of a hydrophilic solvent (Component A) and a water soluble or water
dispersible or water dissipatable monomer (Component B). The monomers
chosen were selected from various multifunctional sulfomonomers containing
at least one metal sulfonate group attached to an aromatic nucleaus that are
water soluble or water dispersible or water dissipatible determined to be at or
greater than 0.5 weight percent concentration (i.e. monomer in water). Such
monomers are well known to those skilled in the art and include such
monomers as the lithium and sodium salts of diethylene glycol diesters 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 glycol methyl ether (Eastman DM SOLVENT), diethylene
glycol ethyl ether (Eastman DE SOLVENT), diethylene glycol propyl ether
(Eastman DP SOLVENT), diethylene glycol butyl ether (Eastman DB
SOLVENT), ethylene glycol propyl ether (Eastman EP SOLVENT), and
ethylene glycol butyl ether (Eastman EB SOLVENT). In a screening study,
solutions were attempted for each of the monomer and solvent pairings at 10,
20, and 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,
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and the mixture was heated with agitation until the solution was obtained.

The tables include description of the cleaning composition by weight
percent of 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 inspection, and “No Change” means no
indication that photoresist resin was attacked under process conditions by
visual inspection. Solutions of the sodium salt of the diethylene glycol diester
of 5-sulfoisophthalic acid (1) in diethylene glycol (DEG) are used to illustrate
the invention in the following examples. Example 3 illustrates the use of other
5-sulfoisophthalic monomers.

In Examples 9—-14, introduction of the sulfopolyester was obtained by
the addition of a premade stock solution. These stock solutions were
comprised of a hydrophilic solvent (Component A) and a water soluble or
water dispersible or water dissipatable polymer (Component B). The
polymers chosen were various sulfopolyesters of different glass transition
temperatures and viscosities of both the linear and branched varieties. Such
polymers are well known to those skilled in the art and are available, for
instance, from Eastman Chemical Company under the tradename of Eastman
AQ POLYMERS. In particular, such sulfopolyesters can be dissolved,
dispersed or otherwise dissipated in aqueous dispersions, for instance, at
temperatures of 80°C or less. The polyesters considered as candidates for
the invention include, but are not limited to, Eastman AQ 38S POLYMER,
Eastman AQ 48 ULTRA POLYMER, Eastman AQ 55S POLYMER, EastONE
S85030 COPOLYESTER, Easiman ES-100 WATER-DISPERSIBLE
POLYMER, Eastman AQ 1350 COPOLYESTER, and Eastman AQ 2350
COPOLYESTER. The solvents chosen were ethylene glycol, diethylene
glycol, triethylene glycol, propylene glycol, diethylene glycol methyl ether
(Eastman DM SOLVENT), diethylene glycol ethyl ether (Eastman DE
SOLVENT), diethylene glycol propyl ether (Eastman DP SOLVENT),
diethylene glycol butyl ether (Eastman DB SOLVENT), ethylene glycol propyl
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ether (Eastman EP SOLVENT), and ethylene glycol butyl ether (Eastman EB
SOLVENT). In a screening study, solutions were attempted for each of the
polymer and solvent pairings at 10, 20, and 30 wt% solids. In addition,
solutions of Eastman AQ 38S POLYMER and Eastman AQ 48 ULTRA
POLYMER each at 40 wt% solids were attempted in the four Diethylene glycol
ether solvents. 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 solid sulfopolyester was then
added, and the mixture was heated with agitation until the solution was
obtained. Depending on the polymer and solvent pairing and the solids
loading, the solutions were heated to different temperatures for various times
ranging from 90°C for 30 minutes to 180°C for 70 minutes. Table 2 below
summarizes these stock solutions. “Suitable Solutions” are those in which the
polyester dissolved readily under preparation conditions, remained soluble on
cooling, and the solution was suitable for making a coating. “Bad Solutions”
are those in which either the solids were insoluble in the solvents under the
preparation conditions or the solution formed was unstable in the short term.
“Disqualified Solutions” are those in which a solution of the same polymer and
solvent paring had previously formed a bad solution at a lower solids loading.
“Questionable Solutions” are those in which the solutions formed were either
extremely viscous or exhibited signs of potential long-term instability, but
might be of value for further study.

Table 2: Summary of Potential Stock Solutions

Suitable
Solutions 20 21 3 1 1 18 6
Questionable

Solutions 0 3 2 1 3 2 1
Bad

Solutions 11 8 20 12 17 6 15

Disqualified

Solutions 3 2 5 16 9 4 8
Total

Solutions 34 34 30 30 30 30 30

Based on this screening study, eighty-two suitable and questionable
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solutions were tested on both Phost and Novolac coated wafers that had in

both cases been cured at 150°C for 15 minutes. In each case, a small

amount of solution was applied to resin coated wafer, the wafer was

immediately heated to 100°C for 60 seconds, then immediately washed with a

stream of water at ambient temperature. A simple visual observation was

used to evaluate completeness of resin removal. Only those blends that were

judged to exhibit excellent cleaning performance by visual examination were

deemed as passing. Table 3 summarizes the results.

Table 3: Cleaning of Novolac (N) and Phost (P):

(C- Cleaned; F-Failed)

Ethylene
glycol AQ-1350 C F
Ethylene
glycol AQ-38 C F
Ethylene )
glycol AQ-48 C F
Ethylene
glycol AQ-55 c| C
Ethylene
glycol EastONE C F
Ethylene
glycol ES-100 C F
Diethylene
glycol AQ-1350 C F
Diethylene
glycol AQ-38 c| C
Diethylene i
glycol AQ-48 c| C
Diethylene i
glycol AQ-55 c| C
Propylene i
glycol AQ-48
Propylene i
glycol AQ-55
DM Solvent AQ-1350
DM Solvent AQ-2350
DM Solvent AQ-38
DM Solvent AQ-48
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DE Solvent AQ-1350 C C|C|F|C]|F
DE Solvent AQ-2350 C F | C|F|C|F
DE Solvent AQ-38 C C|C|[C]|F]|F
DE Solvent AQ-48 C cl|C|[C|C]|F
DP Solvent AQ-1350 C C|C|F|[C]|C
DP Solvent AQ-38 F F|C|C|C]|C
DP Solvent AQ-48 C cl|C|[C|C]|F
DB Solvent AQ-1350 C C|C|F|C]|F
DB Solvent AQ-38 C|F|C]|C
DB Solvent AQ-48 c|c|(C]|C
EP Solvent AQ-1350 C|F|[C]|C
EB Solvent AQ-1350 C|F|[C]|C

The composition comprising diethylene glycol ethyl ether and Eastman
AQ 48 ULTRA POLYMER at solids loadings ranging from 10 wt% all the way
up to 40 wt% were found to exhibit broad performance cleaning both Phost
and Novolac photoresist resin from silicon substrate. In addition, the various
concentrations of these solutions were extremely stable even after several
months of storage at room temperature.

Therefore, a composition comprising 20 wt % Eastman AQ 48 and 80
wt% diethylene glycol ethyl ether (Eastman DE SOLVENT) was selected as
the suitable standard composition to be used in developing additive blends to
target more exotic and more difficult to remove photoresists. This stock
solution comprised 30% of the final solutions used to treat wafers in Examples
10-14, yielding 6 wt% sulfopolyester and 24 wt% DE SOLVENT in all of these
solutions. Thus, examples 10—14 are to demonstrate how one skilled in the
art may approach development of a composition according to this invention
that is suitable for removal of an organic residue. Neither the selection of this
standard composition for further studies nor the specific examples that follow
are intended to limit the scope of this invention.

Example 1
Table 4 contains the results from a cleaning study conducted for
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Resin was cured for 15

minutes at 200°C. Process temperatures for the cleaning stage were 100°C,

150°C, and 200°C.

Table 4
Solution (wt%) Process Conditions
DE 150°C 150°C 200°C 200°C for
| DEG | Solvent | for 60s for 90s for 30s 60s
Not Not
29.64% 70.36% | 0.00% Clean Clean Clean Clean
Not Not
15.96% 84.04% | 0.00% Clean Clean Clean Not Clean
25.08% 74.92% | 0.00% Clean Clean Clean Clean
Not Not
15.96% 38.04% | 46.00% Clean Clean Clean Not Clean
Not Not
25.08% 59.92% | 15.00% Clean Clean Clean Not Clean

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

Example 2

Table 5 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°C. All cleaning compositions are comprised of 6 wt% sulfopolyester, 24

wt% DE Solvent, with the remaining 70 wt% being comprised of two additives

as noted in Table 6. Process temperatures for the cleaning stage were
100°C, 150°C, and 200°C.

Table 5
Solution (wt%) Process Conditions
DE 100°C for | 100°C for | 150°C for
| DEG Solvent 30s 60s 60s

29.64% [ 70.36% | 0.00% Clean Clean Clean
15.96% | 84.04% | 0.00% Clean Clean Clean
25.08% [ 74.92% | 0.00% Clean Clean Clean
15.96% | 38.04% | 46.00% Clean Clean Clean
25.08% | 59.92% | 15.00% Clean Clean Clean

| - Sodium salt of the diethylene glycol diester of 5-sulfoisophthalic acid
DEG — Diethylene glycol
DE Solvent — Diethylene glycol ethyl ether
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Examples 1 and 2 demonstrate the utility of invention in cleaning cured
Novolac and polyhydroxystyrene resins from silica wafers. In the case of
polyhydroxystyrene resin (Example 2), all cleaning compositions were
effective in removing cured resin using cleaning conditions of 100—150°C from
30 seconds to 60 seconds. For Novolac resins (Example 1), 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 management of viscosity as needed to utilize the invention in various

coating process steps.
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Example 3

Table 6 contains the results from a cleaning study conducted to test
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 200°C. Process temperatures for the cleaning stage
were 100°C for 60 seconds.

Table 6
Wit%

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

EGSIPA 20 ethylene glycol No Change Clean
diester

DESIPA 20 Diethylene glycol Not Clean Clean
diester ethyl ether

The data in Table 6 indicates compositions of ethylene glycol, diethylene
glycol and diethylene glycol ethers containing lower molecular weight
monomeric salts of 5-sulfosulfonic acid and related esters perform well as
cleaning compositions to Phost resin, but little success cleaning Novolac

resin.

Example 4
Table 7 contains the results from a cleaning study conducted for

polyimide resin coated as described in Table 1. Resin was cured for 15
minutes at 150°C. Process temperatures for the cleaning stage were 100°C,

150°C, and 200°C at various durations of time. Results are tabulated below.
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Table 7

Solution (wt%) Process Conditions
DE 2- 150°C | 200°C for | 200°C
[ DEG Solvent | Pyrolle | MEA KTB [ for 90s 30s for 60s
No Not
8.89% | 21.11% | 0.00% | 28.00% | 35.00% [ 7.00% | Change | Not Clean | Clean

No

4.79% | 25.21% | 0.00% | 28.00% | 35.00% | 7.00% | Change | Not Clean | Clean
No Not
7.52% | 22.48% | 0.00% | 28.00% | 35.00% | 7.00% | Change Clean Clean
No Not
4.79% | 11.41% | 13.80% | 28.00% | 35.00% | 7.00% | Change | Not Clean | Clean
No No Not
7.52% | 17.98% | 4.50% | 28.00% | 35.00% | 7.00% | Change | Change Clean

| — Sodium salt of the diethylene glycol diester of 5-sulfoisophthalic acid

DEG — Diethylene glycol
DE Solvent — Diethylene glycol ethyl ether
MEA — monoethanolamine

KTB — potassium tert-butoxide

Example 4 suggests that cured polyimide resin is more difficult to clean

than either Phost or Novolac resin. Only the use of highly basic materials

such as 2-pyrolle, MEA and KTB in the additive component produced

desirable results on low temperature cleaned wafers. No evidence of attack is

noted unless the temperature of the cleaning process is elevated to 200°C.

Example 5

Table 8 contains the results from a cleaning study conducted for acrylic

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

150°C. Process temperatures for the cleaning stage were 100°C, 150°C, and
200°C. Results are tabulated below.
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Table 8

Solution (wi%) Process Conditions
DE 2- 150°C for | 200°C 200°C
[ DEG | Solvent | Pyrolle | MEA KTB 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

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

DEG — Diethylene glycol
DE Solvent — Diethylene glycol ethyl ether
MEA — monoethanolamine

KTB — potassium tert-butoxide

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

Table 9 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°C.

150°C, and 200°C.

Process temperatures for the cleaning stage were 100°C,

Table 9
Solution (wt%) Process Conditions
100°C

Aromatic- 100°C for for 150°C | 150°C

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

2.74% | 3.27% 56.40% | 37.60% Clean Clean | Clean Clean
Some

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

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

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

DEG — Diethylene glycol
DE Solvent — Diethylene glycol ethyl ether
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The cleaning compositions presented in Example 6 were designed to
be hydrophobic (hydrocarbon) to allow penetration of the cleaning

composition into the resin.

Example 7

To further illustrate a method of the disclosure, wafers having a cured
photoresist layer as described above were coated with formulations described
in art as useful for removing photoresist by a known bath or soaking
dissolution process.

Formulations were prepared according to Table 10 and applied to
isoprene 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.

TAromatic 100 Partial | Not | Partial

2 .
Fluid DDBSA 50:50 Clean | Clean | Clean
TAromatic 150 | » _ Partial | Partial | Partial
Fluid DDBSA 50:50 Clean | Clean Clean
TAromatic 200 | » _ Partial | Partial
Eluid DDBSA 50:50 Clean Clean | Clean

Aromatic 100 Fluid, Aromatic 150 Fluid and Aromatic 200 Fluid from
ExxonMobil Chemical
’DDBSA — dodecylbenzenesulfonic acid

Example 8

Formulations were prepared according to Table 11 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. The effectiveness of photoresist removal was
judged by visual inspection.
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Table 11: Cleaning Results for Acrylic Resin

'DGA (60) | 2HA(40) : : Fé?;gi' Fé?;gi' Clean
*MEA (60) | HA (40) - : Clean | NoClean | o
‘AEEA (60) | HA(30) | Water (10) : Fé?;gi' Fé?;gi' Fc);?égil
AEEA(35) | MEA@5) | HA(30) |Water(10)| ortal | Fartal | Fatal
DGA (40) | °NMP(20) | HA(40) i Clean Fé?;gi' Fc);?égil
MEA(40) | NWP0) | HA4O) | - | Gean | Gean | Cean
AEEA40) | NMP(20) | HA(30) |Water (10)| Clean | cam@l | NO
AEEA(25) | MEA(15) | NMP(20) | HA(40) | No Clean | NoClean | oo
DGA (40) | °DMAC(20) HA(40) - Clean Clean Clean
MEA (40) | DMAC(20) | HA(40) : Clean Fé?;gi' Clean
AEEA(40) | DMAC(20) | HA(30) |Water (10) | ai@ | NoClean | o
AEEA(25) | MEA(15) | DMAG(20) | HA@40) | Clean |NoClean | o
'DMSO(70) |  HA(30) - ; Clean E?;Zi' E?;Zi'
DMSO(86) | °DEGEE(6) | AEEA | °TMAH | Clean | Clean Fé?;gi'
owsorss | Wens | mus i | ol | e

'DGA - diglycolamine
’HA - 50% hydroxylamine in water
*MEA — monoethanolamine

*AEEA - N-(2-aminoethyl)ethanolamine

°NMP - N-methyl 2-pyrrolidinone
°DMAC — N,N-dimethyl acetamide
'DMSO - dimethylsulfoxide

®DEGEE - Diethylene glycol ethyl ether

*TMAH - tetramethylammonium hydroxide

The data contained in Tables 10 and 11 indicate many different

formulations may be used to effect photoresist removal according to the

method of the invention. It should be noted that high temperatures may cause

42




DB Sol vent PVME C F DB Sol vent CAP F F EP Sol vent

WO 2012/044460 PCT/US2011/051489

the formation of a water insoluble haze or crust in some cases. This can be

mitigated by temperature optimization.

Example 9

In contrast with the over-all success of many compositions containing a
sulfonated polyester, compositions containing other water soluble, dispersible,
or dissipatable polymers did not perform nearly as well. In general, these
other polymers were far less soluble in the chosen solvents. Process
conditions for achieving the solutions again varied depending on the polymer
and solvent pairing and the solids loading. In most cases, the solutions were
heated to a temperature ranging from 120°C for 30 minutes up to 180°C for
80 minutes; however, the polyvinyl pyrollidone and the dendritic polyester
were both noticeable exceptions that required far less heating. The results of

the solubility study are tabulated below.

Table 12: Summary of Stock Solutions Not Containing a
Sulfonated Polyester

Suitable
Solutions 0 1 40 0 0 0 10 8
Questionable
Solutions 26 0 0 0 0 6 0 13
Bad Solutions 0 10 0 11 10 4 2 3
Disqualified
Solutions 4 19 0 19 20 20 18 6
Total Solutions 30 30 40 30 30 30 30 30

'DPE — Dendritic Polyester

AMP — Sulfonated acrylic

3PVP — Polyvinyl pyrollidone

*SPS — Sulfonated polystyrene
®HEC — Hydroxyethyl Cellulose
®XSS — Xylene sodium sulfonate
"PVME — Polyvinyl methyl ether
8CAP — Cellulose acetate phthalate

From the suitable and questionable blends prepared, a selection of 49
was tested on both PHOST and Novolac photoresist that had been cured at
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150°C for 15 minutes. In both cases, a small amount of each composition
was applied to the resin coated wafer, heated to 100°C for 60 seconds, and
then immediately rinsed off with de-ionized water at ambient temperature. A
simple visual inspection was subsequently made, and only those
compositions judged to have excellent cleaning performance were deemed as
passing. In many cases, only the 10 wt% solids blends were tested; however,
solutions with up to 40 wt% solids of the polyvinyl pyrollidone were also tested
because that particular polymer was so soluble in every solvent tested. With
the exception of xylene sodium sulfonate, the results were almost wholly
negative, and further testing was deemed unnecessary. The results of the

performance screening are summarized below.
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EB Sol vent PVP F F F FIAW - Sulfonated acrylic 2PVP - Pol yvi nyl

pyrol l'idone 3DPE - Dendritic Polyester 4X55 - Xyl ene sodi um sul fonate 5CAP
- Cel | ul oo 228148t6@ pht hal at e 6PVME - Pol yvi nyl net hyl eCmars2011/051489 Very
few sol utions exhibited success in cleaning both PHOST and Novol ac
photoresist, and the few conpositions that did have this success were
questionabl e solutions that were non-ideal for use in this invention. By
conpari son, nany conpositions containing sul fonated pol yesters exhibited

much better perfornmance+di.sSoh.Vi 2 hst. The
Tgh‘%f?é % N0 r %g‘ldgﬁﬁﬁgcﬁﬁ%)ly preferable

conposi tions containing ona A

to those con e
conposi tion DI
future testi
Ethylene glycol 'AMP C|F
Ethylene glycol ’PVP F|F F|F
Diethylene glycol °DPE C|F
Diethylene glycol PVP F| F F| F
Diethylene glycol ‘XSS c|C
Diethylene glycol °CAP C|F
Triethylene glycol PVP F| F F| F
Triethylene glycol XSS C|F
Triethylene glycol CAP C|F
Propylene glycol PVP F| F F| F
Propylene glycol XSS c|C
DM Solvent PVP F|F F| F
DM Solvent XSS c|C
DM Solvent °PVME F|F | F|F|F|F
DM Solvent CAP FI|F|C]|F
DE Solvent DPE C|F
DE Solvent PVP F|F F| F
DE Solvent XSS c|C
DE Solvent PVME F|F | F|F|F|F
DE Solvent CAP F| F
DP Solvent DPE F|F
DP Solvent PVP F|F F| F
DP Solvent XSS C|F
DP Solvent PVME C|F |F|F
DP Solvent CAP F| F
DB Solvent PVP F|F F| F
DB Solvent PVME C|F|C]|F
DB Solvent CAP F| F
EP Solvent DPE F|F
EP Solvent PVP F|F F| F
EP Solvent CAP F| F
EB Solvent PVP F|F F| F

'AMP — Sulfonated acrylic

2PVP — Polyvinyl pyrollidone

3DPE — Dendritic Polyester

*XSS — Xylene sodium sulfonate
>CAP — Cellulose acetate phthalate
®PVME — Polyvinyl methyl ether
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Tabl e 12 contains the results froma cl eaning study conducted for PHost
resin coated as described in Table 1. Resin was cured for 15 m nutes at
200C. Al Iwolemmi4mgoconpositions are conprised of 6 w % ®arfuspalpesser, 24
wt % DE SOLVENT, with the remaining 70 wt % bei ng conpri sed of two additives
as noted in Table 14. Process tenperatures for the cleaning stage were
100C, 150C, and 200C. Table 14: Ceaning Results for PHost Resin 1NWP -
N- net hyl - 2- pyrrol i done 2TMAH - Tet ranet hyl ammoni um hydr oxi de (20 wt % in
propyl ene glycol) 3KTB - Potassiumtert-butoxide (20 wt % in propyl ene

gl ycol ) 4MEA - noet.hanol .am ne - Met han sul fo

i rethyl sul t oxt ety Ton Sy @RISR sudeBb MR En 8B ST AND) Lt ons
w1 perfor mgwiiac pRo@dirssisl éhagh@néi«vb@ﬁ%lsn@némﬁaﬂf@mvé@ﬁﬂsrsuc@@@@ at high
exposure tenperatures of 200C. The solutions enriched wth higher
concentrati d/h@rediu&&@paable spdgnedhat weesnenddas! ferdusenipribisdaverdim. tBy At
both | evel s h wel |
renovi ng PHost Fgélﬂégg] a cqﬁr‘?ééﬁﬁ n%ée:rﬁ%tn r@éﬂ% Eb&agfétr%ggﬁpﬁé&on her e

i's that PHosmucrsbeaéﬁpervmrm@smséwpgcmeaGSTaéncﬁNoe@laomtcweéut@ttmﬁe
i nvention method and conpositions. Tabl e 13 contains the

| e
results fr orﬁoénQQ%téﬁﬂsr@rg@'GH}Q %?ﬂﬂ@é@%EOLb’S?teRﬁ)WGF%é'QF‘gQaH“EQEEE GEﬂbé% to
described in Y"?r?e cl eani ng
conposi tions %g&&%‘mnﬁﬁhgo 6 wt /o s eréo%c’ﬁ%@égiﬁ %ﬁj ggh}g SoI vent,
with the rerrmmmam;ho?f()frmn%wbee rcngntaum‘pg|Sﬂ§dnatbdtpAﬂyeaadiehstwa/saeh@sBmf@red in
Tabl e 15. Pr ocess tenperatures for the cleaning stage were 100C, 150C, and
200C. Tabl e f4BHe Eeeing: ng Results for Novolac Resin 1NWP -
N- net hyl - 2- pyrrol i done 2TMAH - Tet ranet hyl ammoni um hydr oxi de (20 wt % in
propyl ene glycol) 3KTB - Potassiumtert-butoxide (20 wt % i n propyl ene
gl ycol ) 4NEAXampleo#® hanol ami ne 5MSA - Met hanesul foni c acid 6DVBO -
D net hyl sul f oxi abI 13 s ests that m) addi onbi nati ons
are sultable for ARa iR R IR RERL 8 O Rl R e
however, soreHgétfrekiptddated as %@@Mﬁéc‘}frﬁﬂamféeln Heaanivag c@?eo?ﬂﬁ 1@ mi‘?ﬁlté‘s& c
solutlons do not 8roduce desirable results especiall cured

novol ac resid,20/i°th %M@@WGQlC@W&QSHIQE@rﬂ@l%WIS@@r@ Wi%cﬁ’qléf OPQK’BEWQ in
nearly every, At SAPNAEREWHA the remaining 70 wt% being comprised of two

additives as noted in Table 14. Process temperatures for the cleaning stage
were 100°C, 150°C, and 200°C.
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Tabl e 14 contains the results froma cleaning study conducted for acrylic
resin coated as described in Table 1. Resin was cured for 15 m nutes at
150C. Al Iwolemvi4mgoconpositi ons were conpri sed of 6 w YPsuuSopoloyass er, 24
wt % DE Sol vent, with the remaining 70 wt % bei ng conpri sed of two additives
as noted in Table 16. Process tenperatures for the cleaning stage were
100C, 150C, and 200C. Results are tabul ated below. Table 16: C eaning
Results for Acrylic Resin 1INWP - N nethyl-2-pyrrolidone 2TMAH -

Tet r amet hyl ammoni um hydr oxi de (20 wt % i n propyl ene glycol) 3KTB - Potassium
tert-butoxide (20 wt % in propylene glycol) 4MEA - Monoet hanol am ne 5MSA -
Met hanesul foni ¢ aci d 6DNable 1B ChédanihgRésults fir PHost Réshl e 14 suggests

that cured acrylic. resinis.nre difficult to clean than either PHOST or
novol ac resin MEA, or
KTB in the ad perat ure
cl eaned waf er m a
cl eani ng st udy mwmjptzerm,tﬁ}qr Pol yggm gle rels,i’@|e@mat e¢|@§n descrileed [n Tabl e
é'y Arrer 1ne SONMBENETVREL TS TBRT BT * | Eleaho | MCIIRES AT Gl TO) | oved
AT S T 10U U'J AT U\J\J\J.- U 1 AV | CATTT II}’ A\YAY AN OJI1T U 1T UITI Vo T O
conprised of 6 WMEPsul fEhBI yest efd 22 wt 9% S8 eﬁ'egw h_t%€3Penn| ni ng 70
wt % bei ng conpriNMB of KTiBee addb0i:2@s as |nClead | n Cladrh e |17.Cleaocess
tenperatures flor the|cleaning stage were 100C, 150CNqpand |[200C. Resu|lts are
tabul at ed bel gwNMBbI|e MizA ¢ eanit®y Resul § sCE&N Polybgi de RESGEaNNVP DVSO
MEA 23.5 : 23./5 NMﬁJ NLIUIEAI ean I\Igb :(2|Oeou| i Cle Inem'dT'g A LMDNO,[ Clean
NMP HsPOy4 65:5 Clean Clean Not Clean
NMP HsPO4 50:20 Clean Clean Clean
5 ) Clean,
NMP MSA 65:5 Clean Clean some
NMP MSA 50:20 Clean Clean Clean
*DMSO | TMAH 65:5 Clean | Clean Clean
DMSO | TMAH 50:20 Clean Clean Clean
DMSO KTB 65:5 Clean Clean Clean
DMSO KTB 50:20 Clean Clean Clean
DMSO | MEA 65:5 Clean CrL%iT’ Not Clean
DMSO | MEA 50:20 Clean Clean Not Clean
) Clean,
DMSO | H3PO, 65:5 Clean most Clean
DMSO | H3PO4 50:20 Clean Clean Clean
DMSO | MSA 65:5 Clean Clean Not Clean
DMSO | MSA 50:20 Clean Clean Clean

'"NMP — N-methyl-2-pyrrolidone

2TMAH — Tetramethylammonium hydroxide (20 wt% in propylene glycol)

*KTB — Potassium tert-butoxide (20 wt % in propylene glycol)

*MEA — Monoethanol amine

*MSA — Methanesulfonic acid

®DMSO — Dimethylsulfoxide

The data in Table 12 suggest that most solutions will perform well in
dissolving and removing the PHost resin, even at high exposure temperatures
of 200°C. The solutions enriched with higher concentrations of acid or base
additives exhibited improved results. At both levels of enrichment, solutions
containing MEA did not perform well removing PHost cured at high
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3KTB 23.5 : 23.5 : 23 Not clean Cean dean NV DVMSO 2TMAH 23.5 : 23.5 :
Not clean Clean Clean NVP 5Surf 4MEA 46 : 2 : 22 Not clean Not clean Not
cl ean NvVPwBunf2/04d48046 : 2 : 22 PCT/US2011/051489

temperatures. The primary conclusion here is that PHost is relatively easy to
process at 60 seconds with the invention method and compositions.

Example 11

Table 13 contains the results from a cleaning study conducted for
Novolac resin coated as described in Table 1. Resin was cured for 15
minutes at 200°C. All cleaning compositions were comprised of 6 wt%

sulfopolyester, 24 wt% DE Solvent, with the remaining 70 wt% being

comprised of two additives as noted in Table 15. Process temperatures for
the cleaning stage were 100°C, 150°C, and 200°C.

Table 15: Cleaning Results for Novolac Resin

'NMP | °TMAH 65:5 Clean Not Clean Clean
NMP | TMAH 50 :20 Not Clean Clean Clean
NMP | 3KTB 65:5 Clean Clean Not Clean
NMP KTB 50 :20 Clean Clean Clean
NMP | *“MEA 65:5 Clean Clean Not Clean
NMP MEA 50 :20 Clean Clean Not Clean
NMP | HsPQ, 65:5 Not Clean Clean Not Clean
NMP | HsPO, 50 : 20 Not Clean Clean Clean
NMP | *MSA 65:5 Clean Clean Not Clean
NMP MSA 50:20 Clean Clean Clean
°*DMSO | TMAH 65:5 Clean Clean Clean
DMSO | TMAH 50:20 Clean Clean Clean
DMSO | KTB 65:5 Clean Clean Clean
DMSO | KTB 50:20 Clean Clean Clean
DMSO | MEA 65:5 Clean Not Clean | Not Clean
DMSO | MEA 50:20 Clean Clean Not Clean
DMSO | HsPO, 65:5 Not Clean Clean Not Clean
DMSO | HsPO, 50 : 20 Not Clean | Not Clean | Not Clean
DMSO | MSA 65:5 Clean Not Clean | Not Clean
DMSO | MSA 50:20 Clean Clean Not Clean

'"NMP — N-methyl-2-pyrrolidone

2TMAH — Tetramethylammonium hydroxide (20 wt% in propylene glycol)
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Not clean Clean Clean NVP Surf TMAH 46 : 2 : 22 Clean O ean C ean DMSO None
MEA 47 : 23 Not clean Not clean Not clean DMSO None KTB 47 : 23 Not cl ean
Not cl earw0 2012/044460 PCT/US2011/051489

*KTB — Potassium tert-butoxide (20 wt % in propylene glycol)
*MEA — Monoethanol amine

*MSA — Methanesulfonic acid

®DMSO - Dimethylsulfoxide

Table 13 suggests that most additive combinations are suitable for
cleaning cured Novolac resin from silica substrates; however, some difficulty
is encountered when cleaning at 200° C. Acidic solutions do not produce
desirable results especially on highly cured novolac resin, with phosphoric
acid containing compositions failing in nearly every attempt.

Example 12

Table 14 contains the results from a cleaning study conducted for
acrylic resin coated as described in Table 1. Resin was cured for 15 minutes
at 150°C. All cleaning compositions were comprised of 6 wt% sulfopolyester,
24 wt% DE Solvent, with the remaining 70 wt% being comprised of two
additives as noted in Table 16. Process temperatures for the cleaning stage
were 100°C, 150°C, and 200°C. Results are tabulated below.
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23 Not clean Cdean Clean DVSO Surf MEA 46 : 2 :
22 Not clean d ean
PCT/US2011/051489

Cl ean DMSO None TMAH 47
22 Not clean Not clean Not clean DMSO Surf KTB 46 : 2 :
Cl ean DVSEO 2012/044460

Table 16: Cleaning Results for Acrylic Resin

NMP 65:5 Clean Partial Clean | Partial Clean
NMP TMAH 50:20 Clean Partial Clean Clean
NMP *KTB 65:5 Clean Partial Clean | Partial Clean
NMP KTB 50:20 Clean Clean Partial Clean
NMP *MEA 65:5 Clean Partial Clean | Partial Clean
NMP MEA 50:20 Partial Clean | Partial Clean | Partial Clean
NMP H;PO, 65:5 Partial Clean | Partial Clean | Partial Clean
NMP Hs;PO, 50:20 Partial Clean | Partial Clean No Clean
NMP *MSA 65:5 Partial Clean | Partial Clean | Partial Clean
NMP MSA 50 :20 Partial Clean | Partial Clean | Partial Clean
°DMSO | TMAH 65:5 Clean Partial Clean | Partial Clean
DMSO | TMAH 50 :20 Clean Partial Clean Clean
DMSO KTB 65:5 Clean Partial Clean | Partial Clean
DMSO KTB 50:20 Partial Clean | Partial Clean | Partial Clean
DMSO MEA 65:5 Clean Partial Clean | Partial Clean
DMSO MEA 50:20 Clean Partial Clean | Partial Clean
DMSO | Hs;PO, 65:5 Partial Clean | Partial Clean | Partial Clean
DMSO | Hs;PO, 50 :20 Not Clean Not Clean Not Clean
DMSO MSA 65:5 Partial Clean | Partial Clean | Partial Clean
DMSO MSA 50:20 Partial Clean | Partial Clean | Partial Clean

'"NMP — N-methyl-2-pyrrolidone
2TMAH — Tetramethylammonium hydroxide (20 wt% in propylene glycol)

*KTB — Potassium tert-butoxide (20 wt % in propylene glycol)
*MEA — Monoethanol amine

®MSA — Methanesulfonic acid

®DMSO — Dimethylsulfoxide

Table 14 suggests that cured acrylic resin is more difficult to clean than
either PHOST or novolac resin. Only the use of highly basic materials such
as TMAH, MEA, or KTB in the additive component produced desirable results

on low temperature cleaned wafers.
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Surf TMAH 46 : 2 :
23 Not clean C ean C ean NVP DVSO 8KTB + MEA 27.5 :

23.5 :

22 Not clean d ean C ean DVSO 7DMS02 8KTB + MEA 27.5 :
23 Not

cl ean C esp 2022amcdNMP - N-net hyl - 2- pyrrol i done

Example 13

23.5 :

PCT/US2011/051489

Table 15 contains the results from a cleaning study conducted for

Polyimide resin coated as described in Table 1. After the soft bake, wafers

were cured for 15 minutes at 200°C followed by an additional 30 minutes at

350°C. All cleaning compositions were comprised of 6 wt% sulfopolyester, 24

wt% DE Solvent, with the remaining 70 wt% being comprised of three

additives as noted in Table 17. Process temperatures for the cleaning stage
were 100°C, 150°C, and 200°C. Results are tabulated below.

Table 17: Cleaning Results for Polyimide Resin

'NMP DMSO MEA | 23.5:23.5:23 | Notclean | Not clean | Not clean
NMP | DMSO | *KTB |23.5:23.5:23 | Notclean | Clean Clean
NMP | DMSO | 2TMAH | 23.5:23.5:23 | Notclean | Clean Clean
NMP Surf *MEA 46 :2:22 Not clean | Not clean | Not clean
NMP Surf KTB 46:2:22 Not clean Clean Clean
NMP Surf TMAH 46:2:22 Clean Clean Clean
DMSO None MEA 47 : 23 Not clean | Not clean | Not clean
DMSO None KTB 47 : 23 Not clean | Not clean Clean
DMSO None TMAH 47 : 23 Not clean Clean Clean
DMSO Surf MEA 46 :2:22 Not clean | Not clean | Not clean
DMSO Surf KTB 46:2:22 Not clean Clean Clean
DMSO Surf TMAH 46:2:22 Not clean Clean Clean
DMSO | ‘DMSO, 8}§ATEBA+ 27.5:23.5:23 | Notclean | Clean Clean
NMP | DMSO | KIB+ 1575 .035.03 | N

MEA 5:23.5: ot clean Clean Clean

'"NMP — N-methyl-2-pyrrolidone
2TMAH — Tetramethylammonium hydroxide (20 wt% in propylene glycol)
®KTB — Potassium tert-butoxide (20 wt % in propylene glycol)
*MEA — Monoethanol amine
*Surf — Nonionic alkyl polyethylene glycol ether surfactant
®DMSO - Dimethylsulfoxide

'DMSO; — Dimethylsulfone

®KTB + MEA — equal weights of 20 wt% potassium t-butoxide in propylene
glycol and monoethanol amine
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2TMAH - Tetranet hyl ammoni um hydr oxi de (20 wt % i n propyl ene glycol) 3KTB -
Pot assium tert-butoxide (20 wt % in propyl ene glycol) 4MEA - NMbnoet hanol
am ne 5SuwD 2012amiconi ¢ al kyl pol yet hyl ene gl ycol ether earfisetiansi46OVE0 -
D net hyl sul f oxi de 7DVb02- Di et hyl sul f one 8KTB + MEA - equal weights of
20 wt % pot assi umt -butoxi de in propyl ene glycol and nonoet hanol am ne
Tabl e 15 suggests that hi gher process tenperatures yield best results for
cl eaning polyinmde resin frominorganic substrates. Virtually no good

ol yi m de- reroval SiadorbeRErART PR A et T Bhemtie Mt <o o
great er tharfodeleahimggddlyitrigs esute srowh oegdvitéd substpates e Mirtadlyngo good he

conposition as the only alkali, cleaning results were not acceptable. The
presence of 'R¥dipwempl W@d@té‘rﬁf%e@%@dnﬁ%§wr@§f1@9a@r-pl'°@d1t@na ly,  Table 16

contains th : : [ t ; ; LSO sin
coat od s ddSHIG Ferhb Rl BaSER g shand e ENOHRSRCile PO B P T soc
Al'l cl eani ngyreatgpdisan il Bndn akirstamcgy whedt ME A6isyirésontl dlopoIiryiest er, 24 wt % DE

Solvent, with 68 wt % being conprised of two additi ves as noted _in Table 15
and 2wt % beiOTRPRSIHAST RS BUF BRY Akl Fleaning resylin wete Aof aeaqrterie. The

(al koxyphospliaten&sbekTBWr fragAAHid rfﬁ@f@@@od Igpeatures for the cleaning
stage were 100C, 150C, and 200C. Tgb e 187 Ceaning Results for Isoprene
Resin The cl eaning conposition presented in Table 18 was designed to be
significantly hydrophobic (hydrocarbon) to allow penetration of the

cl eani ng corfxeanpleotdi nto the resin. The conpositions shown here represent

a key condition that iis necessary to affect proper performance, El evated
enparatures ver d 3B OGESS B e ot adeq g sbiEl GREUPRbIOF- |1 ke

| soprene phasesRRbThsh@middas RLBARY f PAREUT B Serdwlh saeandp1s VHAT IS
CLAIMED I'S: 1. A conposition conprising: at |east one solvent; at |east
one am ne; minutesaat 1846 Alheleanmgneampogitionswareroompsaaedef 6wid di ami de,
alone or further in conbjnafi ith .a djester , wherein,the at | east
one sol vent se@ﬁgp(yggtgr,"ﬂ W?ésﬁﬁmﬂv%qthvﬁb%é ‘ﬁ%@&f”%‘i’@ws%‘? oLWq east one
propyl ene glagemhvestisehoteans TWBRY €5 AntPewtost@iny edmbhsedbf leagtactag 9l ycol
noiety or the at | east one propyl ene gl ycol nolety ranges from1l to 5

PoA

car bon at onssuch as ZelgaBt BiNh (alkokyrinisphate esigr guidagiany). t Psoe@ss east one

aner oin ¢ no PIRGIACHTor WEEERRRRL ala U B IB0 GRb TG AR S L non

atons. 2. A conposition of claim1, further conprising at |east one
sul fonat ed polynmer. 3. _The co_ngosi tion according to claim1l, further
conprising an additive,Tablg 484

lganing Resilis tarigopteneResinne of
tetranet hyl a % % j EEE: o
benzyl tri nmet

anm ne,

monoi sopr opa : :

di am nonet hy shbisiat il y
butyl hydr oxi| déORAtRaRs I POPRSA PFt ol uepesyl f oni ¢, NBbdeeydhenzene,

sul fonic acid, fortid acid, sulfuriic acid, nitric aki®Rn or” phosphorit aci d.
4. The conposi tj dijn lai m1, whesein theNat ) ol vent
is at a weight %@ngﬁ%ﬁ% ar giq%[gg§ om 40% t4\3(q % Clean %fi‘@én Cleat

'Aromatic 150 Fluid from ExxonMobil Chemical

’DDBSA — dodecylbenzenesulfonic acid
The cleaning composition presented in Table 18 was designed to be
significantly hydrophobic (hydrocarbon) to allow penetration of the cleaning
composition into the resin. The compositions shown here represent a key
condition that is necessary to affect proper performance. Elevated
temperatures were found necessary to adequately remove the rubber-like
isoprene photoresist from the inorganic substrate in 60 seconds.
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WO 2012/ 044460PCT/ US2011/ 051489 5. The conposition according to claim 3,
wherein the at | east one solvent is at a weight percent ranging from60%to
90% 6. Thwocoreasicdi on according to claim4, wherein thecCatusk@assisene
solvent is at a weight percent ranging from30%to 95% the at |east one
mononer is at a weight percent ranging fromO0.1 to 99.5% and the at |east
one additive is at a weight percent ranging from2%to 60% 7.A nethod for
renoving at | east one substance from at | east one substrate conprising:
(d)coating corrp05| tion conprising: iv. at |east one

sol vent; a‘-/a\t/ﬁblssa EﬁIIWEH'lSa e; vi. at |least one nononer that is a

nono- am de or a diamde, alone or further in conbination with a diester,
(e)heating a substrate to a tenperature and for a tinme sufficient to

achi eve renoval o‘?‘@ﬁ@%lﬁ'@ﬁt%ﬁ%'s'%d (f)rinsing the substrate with a

vol ume of a rinsing ag%néasﬁtbf .to renove the conposition and the
subst ance. 8. The net ho accor o’ claim?7, further conprising an
additive, said additi e Ieammrlesam[meat | east one of tetraal kyl ammoni um

hydr oxi de, m xed al kyl/ | anmmoni um hydr oxi de nesul f.oni
o1 ol weneatl T oni ¢, dodetIFeL GRBBOLRNED 14 A Bond BTG OB Bt ARG aci d
nitric acid, phos&hg,rth@r ,ﬁcddﬂnb,ﬁét,(gﬂ WAt ﬁeglegi@@r eof . 9. The nethod according

to claim8, wherein the at | east one solvent is at a weight percent ranging
from30%to 95% the a/t/hereasthecﬁtéemirmeesolthaiorr:aprmls@tﬂeqmmerﬂthylangi ng

fromO.1%to 99.5% the at st one ddltlvels a I er cent
Fangi ng 11 om 206 (LSOOI T e PnecoRT Bes bRy sToigl i heFn B od
accordi ng to cl ailgh§h othes et dshenalglycepiioidtP@r 3ied YERASEONP br&RBene at
| east one ethylene glycol noiety or at |east one propyl ene glycol noiety,
and wherein the |@yeflim@etyiraagas froeadto Sreargpyeidmepi ety or the at | east
one propyl ene gl ycol r t wher ei n
at | east one end group o?rte‘ﬁhéﬁgg §t]5%rgé {_‘?Ha g’rc;L@Dﬁf\/@%tﬁggan%roﬁgssolv&rh

functionality or cniprisestdirer funetidnanabr tikyl ether Wrestiehality hand am@tdsmof at

| east one endgr OUR rang{es froml to 6 carbon atons.
the length of at least one end group ranges from 1 to 6 carbon atoms.

2. A composition of claim 1, further comprising at least one sulfonated
polymer.
3. The composition according to claim 1, further comprising an additive,

said additive comprising at least one of tetramethylammonium
hydroxide, tetraethylammonium hydroxide, benzyltrimethylammonium
hydroxide, triethylene tetramine, monoethanolamine,
monoisopropanolamine, diglycolamine, 1,2-diaminoethane, 1,3-
diaminomethylbenzene, 1,3-diaminomethylcyclohexane, potassium
tertiary butyl hydroxide, methanesulfonic, p-toluenesulfonic,
dodecylbenzene sulfonic acid, formic acid, sulfuric acid, nitric acid, or
phosphoric acid.

4. The composition according to claim 1, wherein the at least one solvent
is at a weight percent ranging from 40% to 97%.
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11. The method of claim7, wherein the conmposition further conprises at

| east one water sol uble, water dispersible, or water dissipatable polyner.

12. The mwohorr/|ewmor ding to claiml1ll, wherein the at | eact/usa@ 1NaL48Y

sol ubl e, water dispersible, or water dissipatable polyner is selected from
t he group consisting of al cohol ethoxyl ates, bisphenol ethoxylates,

bi sphenol propoxyl ates, al kyl benzenesul fonic acid salts, cellul ose acetate
pht hal ate, cellul osic derivatives of al koxyethyl, cellulosic derivatives of

dondri 11 o bt yest B TEPRaibn SEY R 0. GORE Y WG Reif b B RERED e S
ethyl ene acryli c iget d,wdiyhlr gervenetangiig/frahes)%spbosphat e esters,

pol yet hyl ene gl ycol s, polyethylene imne, polyethylene oxides, polyvinyl
al cohol , polyvinyl pyrollidinone, starch, styrene mal ei c anhydride,

| f ted i - : - i i ds,
or mxtures Shor g CTHPORIEh SeRMNEIIEERTS, whskaiE: MEpRs, one SShBRRC ot
| east one wat er ssltblweighapercedi mpging fodbra, 3056 tav@6e%, the st igzst abkée pol yner

i at | east one | f onat ed pol r. WD 2012/.044460P U 1/ 051489 14. The
et hod socor i g HENSMET [ TS WHGTEPRIGOE T aHes Tare0; Loy o8 pak g the at

tenper at ur e rangnegstfdr%a’cﬁﬁ/é%ék%egﬁ ot EAJIRG 1rRRE 98liggndeo ¢l aim 7,
wherein the tenperature of the rinsin agent ranges from 5C and 100C. 16.

The met hod according to claim7, wherein the at | east one substance
conprises at,least 0O sitive-ton hotoresi st or.at |east, one

negat i ve-tore phok BRUGRE TS hio i AReRREY ™ Soanc Bl A ERM S wher ei n the
at | east one subsdunatrateodmprisiag: @ sem conductive wafer, a flat panel

di splay, or a printed circuirt board. 18. The nethod according to claim?7,
wherein said coating d@hpricoading s sibstaag wih asgaimpesiten agMPasingr i t

coating. 19. The nethod acc%_di Iéé’st%ln%i |\7€nty\,herei n the rinsing agent is
wat er, acetone, isopropyl alcohol,”0r mXtures' thereof. 20. A conposition

produced by conbi ni ng: v.at dieesdt opeearmipleyent at a wei ght percent
ranging fromO0.5%to 99.5% at |east one am ne; an at | east one

and . :
sul fonat ed monomer at wei ghtVi-perdié®ast0RegNAGOMER A 19 8,rPeN@§Mide or a
diamide, alone or further in combination with a

diester,
(e) heating a substrate to a temperature and for a time
sufficient to achieve removal of the substance, and
(f) rinsing the substrate with a volume of a rinsing agent
sufficient to remove the composition and the substance.

8. The method according to claim 7, further comprising an additive, said
additive comprising at least one of tetraalkyl ammonium hydroxide,
mixed alkyl/aryl ammonium hydroxide, methanesulfonic, p-
toluenesulfonic, dodecylbenzene sulfonic acid, formic acid, sulfuric

acid, nitric acid, phosphoric acid, or mixtures thereof.

9. The method according to claim 8, wherein the at least one solvent is at
a weight percent ranging from 30% to 95%, the at least one monomer
is at a weight percent ranging from 0.1% to 99.5%, and the at least one

additive is at a weight percent ranging from 2% to 60%.
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10.  The method according to claim 9, wherein the at least one solvent

comprises:

at least one ethylene glycol moiety or at least one propylene
glycol moiety, and wherein the length of the at least one glycol moiety
or the at least one propylene glycol moiety ranges from 1 to 5 carbon
atoms;

wherein at least one end group of the at least one solvent
comprises ether functionality or alkyl ether functionality, and wherein
the length of at least one endgroup ranges from 1 to 6 carbon atoms.

11.  The method of claim 7, wherein the composition further comprises at
least one water soluble, water dispersible, or water dissipatable

polymer.

12.  The method according to claim 11, wherein the at least one water
soluble, water dispersible, or water dissipatable polymer is selected
from the group consisting of alcohol ethoxylates, bisphenol ethoxylates,
bisphenol propoxylates, alkylbenzenesulfonic acid salts, cellulose
acetate phthalate, cellulosic derivatives of alkoxyethyl, cellulosic
derivatives of hydroxypropyl, copolymers of ethylene, copolymers of
propylene oxide, dendritic polyesters, ethoxylated amines, ethoxylated
alcohol salts, ethylene acrylic acid, hydroxy-methacrylates, phosphate
esters, polyethylene glycols, polyethylene imine, polyethylene oxides,
polyvinyl alcohol, polyvinyl pyrollidinone, starch, styrene maleic
anhydride, sulfonated acrylics, sulfonated polystyrenes, sulfopolyester,

rosin acids, or mixtures thereof.

13.  The method according to claim 11, wherein the at least one water
soluble, water dispersible, or water dissipatable polymer is at least one
sulfonated polymer.
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14.

15.

16.

17.

18.

19.

20.

The method according to claim 7, wherein the substrate is heated to a

temperature ranging from 25°C to 400°C.

The method according to claim 7, wherein the temperature of the
rinsing agent ranges from 5°C and 100°C.

The method according to claim 7, wherein the at least one substance
comprises at least one positive-tone photoresist or at least one
negative-tone photoresist.

The method according to claim 7, wherein the at least one substrate
comprises a semiconductive wafer, a flat panel display, or a printed
circuit board.

The method according to claim 7, wherein said coating comprises

spray coating, spin coating, or slit coating.

The method according to claim 7, wherein the rinsing agent is water,
acetone, isopropyl alcohol, or mixtures thereof.

A composition produced by combining:

at least one solvent at a weight percent ranging from 0.5% to
99.5%;

at least one amine; and

at least one sulfonated monomer at weight percent ranging from
0.1% t0 99.5%.
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