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solution, The soluble photoresist material is then removed, or “developed,” thereby leaving

behind a pattern identical to the mask.

[0003] Currently, there are four developed wavelengths of radiation used in the
photolithographic industry - 436nm, 365nm, 248nm, and 193nm - and recent efforts have
focused on 157 nm lithography processes. In theory, with each wavelength decrease, smaller
features can be created on the semiconductor chip. However, because the reflectively of the
semiconductor substrate is inversely proportional to the photolithographic wavelength,
interference and unevenly exposed photoresist has limited the conmsistency of the critical
dimensions of the microelectronic device.

[0004] For example, upon exposure to DUV radiation, it is well known that the

transmissivity of photoresist combined with the high reflectivity of the substrates to the DUV
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end-of-line (FEOL) processing, ion implantation is used to add dopant atoms to the exposed
wafer layers. Ion implant-exposed photoresist is also highly cross-linked similar to plasma
etched photoresist.

[0007] The clean removal of hardened photoresist and/or BARC materials from the
microelectronic device wafer has proven to be difficult and/or costly. If not removed, the
layers may interfere with subsequent silicidation or contact formation. Typically, the layers are
removed by oxidative or reductive plasma ashing or wet cleaning. However, plasma ashing,

whereby the substrate is exposed to an oxidative or reductive plasma etch, may result in
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[0010] The present invention relates to removal compositions including chaotropic solutes.
It is theorized that a chaotropic solute destructures or breaks-up the hydrogen-bonded structure
of liquid water thus increasing the solubility of other species, e.g., polymers, in water. The
effects of chaotropes were first noted by Hofmeister in 1888 (Hofieister, F., Arch. Exp.
Pathol. Pharmakol., 24, 247-260 (1888)) as a function of protein solubility and a “series” of
anions was developed based on protein solubilities in solutions containing those anions
(Collins, K.D., Washabaugh, M.W., Quart. Rev. Biophysics, 18(4), 323-422 (1985)). Well

known chaotropic anions include CI, NO;, Br, I, ClO4, and SCN". Other chaotropic species
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SUMMARY OF THE INVENTION

[0014] The present invention relates to aqueous-based compositions useful in
microelectronic device manufacturing for the removal of hardened photoresist and/or BARC
layers from substrates having same thereon, and to methods of using such compositions for
removal of hardened photoresist and/or BARC layers from microelectronic devices.

[0015] In one aspect, the invention relates to an aqueous-based removal composition
useful for removing photoresist and/or bottom anti-reflective coating (BARC) materials from a
microelectronic device substrate having such material(s) thereon, said composition comprising

at least one chaotropic solute and at least one alkaline salt in an aqueous medium, wherein the
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[0019] Other aspects, features and embodiments of the invention will be more fully

apparent from the ensuing disclosure and appended claims.

DETAILED DESCRIPTION OF THE INVENTION, AND_ PREFERRED
EMBODIMENTS THEREOF

{0020] The present invention is based on the discovery of an aqueous-based composition
that is highly efficacious for the removal of hardened photoresist and BARC layers from

patterned microelectronic device wafers having same thereon. Specifically, the present
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the composition, and that in instances where such components are present, they may be present
at concentrations as low as 0.01 weight percent, based on the total weight of the composition in
which such components are employed.
[0026] In one aspect, the present invention relates to aqueous-based removal compositions
useful in removing hardened photoresist and/or BARC layers from a microelectronic device
substrate. The formulation of the present invention comprises at least one chaotropic solute and

at least one alkaline salt in an aqueous medium, present in the following ranges, based on the

total weight of the composition:

component of % by weight
chaotropic solute(s) about 1.0% to about 30.0%
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the broad practice of the invention,
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including, but not lumted to, chloride, bromide, iodide, nitrate, thiocyanide and chlorate. Other

solutes contemplated herein for use as chaotropic solutes include, but are not limited to: urea;
and guanidinium salts, e.g., guanidinium chloride. Additionally, we expect certain solutes to
act as chaotropes based on structural similarities to known chaotropes. Such solutes may
include, but are not limited to: anionic benzoate salts and benzoate derivatives such as 2-, 3-,
or 4-aminobenzoic acids, 2-, 3-, or 4-nitrobenzoic acid, 2-, 3-, or 4- anisic acid, 2-, 3-, or 4-
fluoro-, chloro-, bromo-, or iodo-benzoic acid, 2-, 3-, or 4-methylthio-benzoic acid, and other
mono- or poly-substituted benzoic acid salts; 2,4-diamino-6-methyl-1,3,5-triazine; aniline or
substituted aniline such as 2-, 3-, or 4-methylthio-aniline or 2-, 3-, or 4-anisidine; 1,2-, 1,3-, or

1,4-phenylenediamine, nitrogen-containing heterocyclic compounds such as 1,3,5-triazine or



chaotropic solute(s), alkaline salt(s) and aqueous
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(nethghwingbl, 33 mnee,aq%ré@ﬁb@cyr@mwr(@e%mw lp?@%?lazme 1,24-

preferably deionized water. [0029 r opi C
pleute TS Lo REISdE iRl SRR B Rosch a5 2
harden d pho resi st and/,or, BARC constituent speC|es

m?ﬁmﬁﬁ@ %§“ﬁ§§$@QF8Wﬂ%§ ¥tion. "chaotropic

[0233)51 eou reféel aElil : g fcatf?)g duhq%lra%d i : a{ %aot&%ic%bﬁg aré%ewmoﬁ 26,

ne so neu ani oni ¢ speci es

mo kqgf sk R’ |'1§ I@bin% Rt }ﬁaﬂge Ao LS QUSRI Bbih B another

sition to renbve hardened photoresist and/ or BARC
anld V&Y 8- mdeﬁgﬂ@éﬂﬁi; Qi cfed FHHMOMS ‘grodp VbBIALRY of Hyadgenadd & -OYialkyl
or nol ecu radi us of greater than or equal to 1.6A,
erb@s. P@APlyahd AOGE a80diaiSyitalwhmiogin alidnyardisioamethylbmipenium,
chaotropic including, but not limted to, chloride,
tetpabatyiath@oninmgind benzylirirethiylemmokivo opani de and chlorate
O her solutes contenplated herein for us
(0630t r Bipi wkabind sitiskservedh el tsdprdgred ph@?reqlﬁt mlct/@cﬁl‘c?& layer.
urea; and guanidiniumsalts uani di ni um

Alépugh pod @vishing & e hopag htheopp lté&lff@?s{a"eé g}a{ B Fhagppmf YL " ells
t haot r t | |

R oA 5t UBRGE S, BRE e ds TS T i d S

plggolrt?ms{ }or %Ak% lﬁlaeln o1 sCthg %%fg&tb%ﬁ&% g sﬁﬂga’cp E{letﬁé‘flﬁdened

ves suc am nobenzoi ¢ aci d

pl%tdreéﬁt %nd%g EﬂfR@ 1t¢1§e9 %e&%ﬁ}foﬁuséﬁ: Lith the harddied phitorésist BRI/ |EARC

- fruoro-, chloro-, brono-, or

lab Q@ WrRRERE O 6m %'sdbstrgte Aﬁcal,meQiﬁlt(Q) d@ﬁt&rﬁ;}iﬁt&&lheﬁ’enb @1Iad Metal-ion
acid, and ot her nono- or poly-substituted benzoic acid

fr§éﬂyﬁ1$>x1d%, de ANRRIRIOHRIERYR; R, R md R’ mag batag saaneiab omaigffepmt
substituted aniline such as 2-, 3-, or

frdm oBd daythérhhdeaginis iriderendentlyselectl fronpthe grogmdossising ef hydrogen and
1,3-, or 1,4-phenyl enedi an ne, nltro?en cont ai_ni ng

Chét kb ey cPrefoieblpuhriakalipe spltds; tetrametiylamunjogimyydroxide and the
orsubstituted 1, 3,5-triazines.such as nel anm ne,

pH e Bt puenyerhisprbremovalcompasiion i Bleph iyl By | 3, 5-

[0032] In general, the specific proportions and amounts of chaotropic solute(s), alkaline
salt(s), and deionized water in relation to each other may be suitably varied to provide the
desired solubilizing action of the aqueous-based composition for the specific photoresist and/or
BARC layers to be cleaned from the substrate. Such specific proportions and amounts are

readily determinable by simple experiment within the skill of the art without undue effort.



triazine, 2-chloro-4,6-diam no-1,3,5-triazine,
2,4,6-trimethoxy-1,3,5-triazine, 2,4,6-trimnmethoxy-

WA 206874316 azi ne, 2,4-diam no-1,3,5-triazi ne, PCT/US2006/000366

2-amno-1,3,5-triazine, 2-amn no-4-ethoxy-6-

[0b3%pt | i yﬂe%%f efﬁclé}hc of fhé h bu3Based removal composition of the present
2- et hoxy- 4- net hyl % ylamno)- 1, 3,5-triazine;

invenBorfimayt Yel @b b9 fuseSdf Q&{'dtédbt&rg&raﬁne?ccﬁhdﬁlbﬂsai Bk @&ntacting of the
i m dazol e or substituted im dazol es such as 2-
phio®resiayahdonB AR By efs to BsudmadveriBith ehp hpleaBbadet chained] eomfofiGE0 ]
Preferably, the cations associated with the chaotropic
[0834 onsTizer suems-bised camofral elompesitigng of MRIRRRBRYmesh eptiondlly, be
R2, R3 and R4 may be the sanme as or different fromone
fopmnitde it nédittoaalhcomponend p dighen Fiﬂ},’s‘n@e‘h@ aeneqyalf papahilith @f the
group consisting of hydrogen and G - al kyl groups. . .
copPRY R 1, otheRwSe ey dhey &tFra?fe*ae W{lﬂ?ﬂf% éﬁ%?&urg&buﬂ&

°°§§as%g°8ﬁé§1 b SRR B i e R e heson
B KA A BT S sy
m@éﬁﬁ&xr ﬁ()rmz{lfy cbﬁtaﬂ? 5 Bfélcuﬂrt &dso‘vlaﬁatg aﬁ BFga&@ @(pgoﬁvgﬂ' rﬁaysbgllﬁ'@i\ﬁed S0

swel e polyneric |ayer allowmng the alkaline salts

1oﬁg3asaﬁeg,ae K\oteééﬁﬁdé ottt RkERLEs e astoBald Al URPR BiclRfiidsO KB SbiSénts
and/ or BARC | ayer. Thus, the interface between the
contehplhedh@ein mdluddwkanels e ethighn cHabed6d inclted @, -0 alBANRKS), butyl
| ayer is conprom sed and the hardened phot oresi st
cagpitdll weth B ARG tdLaylévanctel, subfplaget 4 snd prapylebhgy®lbst r at e.
Al kal i ne salt(s) contenpl ated herein include netal -i on
[0035ke hBrdiensd @ausousdaggd  reipRl ROPRGRQYOLpolyde rfernmiation (A)RD
and R4 may be the sane as or different from one
enaﬁaﬁtﬁ%l?er%%aogach is independently selected fromthe
group consi sting of hydrogen and Cl-C6 al kyl groups.
Preferably, the alkaline salt is tetranmethyl anmoni um
hydrggxi de and the pH of the aqueous-based renoval

co rrp'O'srut‘r‘OTT‘ is at least about 13. [0032] In general,

t he Wyfté&m%ﬁmgdl&pﬁydﬂgge amount s of chaotropic
sol ute(s) Ine salt(s), and deionized water in

r el abio@n. & gregach ot her may be suitably varied to
provi de the desired solubilizing action of the
aquegssytiragachicompesi tion for the specific photoresist
and/ or

Formulation B

1.5 wt. % tetramethylammonium hydroxide

1.6 wt. % 2,4-diamino-6-methyl-1,3,5-triazine

20.0 wt. % urea

76.9 wt. % deionized water

Formulation C

2.0 wt. % tetramethylammonium hydroxide



BARC | ayers to be cleaned fromthe substrate. Such
specific proportions and anounts are readily

wa@ledoenmidn@bl e by sinple experinment within the B&I/UE2006/000366
the art w thout undue effort.[0033] The renoval

ef ficd eney @Jiar{,ig@@g]qﬂ@qg@s_g;@ﬁ@ed renmoval conposition of
t he present invention may be enhanced by use of

el eviad wdytsonpsbalzbic ecicondi tions in the contacting of
t he photoresi st and/or BARC | ayers to be renoved with
t he @Quaoddeidsedateenoval conposition. [0034] The
aqueous- based renoval conpositions of the invention
may optionally be formulated with additional
components to further enhance the renoval capability
of tHeemddienBsition, or to otherwi se inprove the
character of the conposjtion. Accordingly, the
conpolT't rageiramEY ImBmeH RN with surfactants,

st abj ell atin Q%?tnts, corrosion inhibitors,

co "L‘Iﬁ‘fﬁ%%"&g’%ﬁgﬁi’?f‘m%‘? AP hough t he aqueous- based
en%%lwt_c%rm&ﬁ;ehm&s of the invention normally contain

r
no organi ¢ co-solvents, an organic co-solvent nmay be
i ncluded so long as they do not corrode other
materials such as netals and | owk dielectrics.
Co- spkd@stion Econt enpl at ed herein include al kanol s
(e.g., straight chained or branched CpC 6 al cohols),
but y3.0 eatdiettatiethylaminbyibm bakrdsideol , sul f ol ane-w,
sul fol ane A, and propyl ene glycol. [0035] Preferred
aquebust astehethglammativg wirplosi t i ons i ncl ude
fornmul ati ons (A)-(J) enunerated hereinbel ow
For m90avti ‘Giutal caibBolnt . 9 t et r anet hyl anmoni um hydr oxi de
20.0 wt. % ur()gil1 77.5 wt. % dei oni zed water Fornmul ation
B 1. 8-0t %spifotnt-Fret hyl anmoni um hydroxide 1.6 wt. %
2, 4-éyoa‘5rti (D%-.G-.ﬁ%t hyl -1,3,5-triazine 20.0 w. % urea

. . 70 A€1onizea water

Formulation F

from about 1.0 wt. % to about 5.0 wt. % tetramethylammonium hydroxide

from about 1.0 wt. % to about 20.0 wt. % of 2-, 3-, or 4-nitrobenzoic acid
tetramethylammonium salt

remainer deionized water

Formulation G

from about 1.0 wt. % to about 5.0 wt. % tetramethylammonium hydroxide

from about 1.0 wt % to about 20.0 wt. % of ortho-, meta-, or para-
phenylenediamine

remainer deionized water

10



76.9 wt. % deionized water Fornmulation C 2.0 wt. %
t et ranet hyl ammoni um hydr oxi del. 0 wt. %

WQ 20b6074306 No- 6- met hyl -1, 3, 5-triazine 1.0 w. %CT/US2006/000366
4- am nobenzoic acid 96.0 wt. % dei oni zed wat er
For mpbatula@sh I 2. 0 Wt . % t et ranet hyl ammoni um hydr oxi de
2.4 w. %tetranmethylammoniumnitrate 95.6 w. %
dei oRBi2zeds wahteryldnoomuindtlydotidds 5.0 wt. %
t et ranet hyl anmoni um hydroxide 9.0 wt. %
t et r a0 whys sutfolasiAum nitrate 10.0 wt. % butyl carbitol
10.0 wt. % sul fol ane-w 66.0 wt. % dei oni zed wat er
For mif-@#1- Gnogthyl easbiiokbout 1.0 wt. % to about 5.0 wt. %
tetr?ngth IannPniun1hydroxide fromabout 1.0 wt. %to
about 7203 RipPYIeng gycob” 3. or 4-nitrobenzoic acid

tetr th ni alt _renai ner deionized water

For ngf"g%t-i%#@a?%%%%ﬁﬁ’f%azw %to about 5.0 wt. %

tetr vl &l i hydroxi de fromabout 1.0 wt. %to
B SRR

about ortho-, neta-, or
par aphenyl enedi am ne

Formulation [

6.0 wt. % benzyltrimethylammonium hydroxide
10.0 wt. % sulfolane A

10.0 wt. % methyl carbitol;

20.0 wt. % propylene glycol

2.0 wt. % 2,4-diamino-6-methyl-1,3,5-triazine

52 wt. % deionized water; and

Formulation J

2.9 wt. % benzyltrimethylammonium hydroxide
0.025 wt. % potassium hydroxide

22.0 wt. % sulfolane A

27.0 wt. % methyl carbitol;

17.9 wt. % propylene glycol

1.5 wt. % urea

0.08% 2-mercaptobenzimidazole

28.595 wt. % deionized water.

11



remai ner deionized waterFornmulation H8.2 wt. %

t et rabut yl anmoni um hydr oxi de; 20.0 wt. % sul fol ane A
W@0008/0W316 % met hyl carbitol; 17.0 w. %propyl ePeT/gb3000000366

2.0 M. %2,4-diamino-6-nmethyl-1,3,5-triazine 22.8 w.

% dei oni zed water; Fornmulation | 6.0 wt. %

benzyl tri met hyl ammoni um hydr oxi de 10.0 wt. % sul f ol ane

1Bo34)- IIQ é%thero/‘émdm(ént GRI R tRdsent 2Rvaid, - the/ ‘pal'qQW:l FH& removal

gl ycol % 2, 4- di ami no-6-nethyl' -1, 3,5-tri azi ne

Qzp¥dition %cﬂl&és@ﬂleZsE&e\é@aB@diplc o, z&%ﬁﬁh@dﬂtaﬂﬁb sdlt, 2nPphotoresi¥f) in
benzyl tri met hyl anmoni um hydr oxi de 0. 025 wt. %ot assi um

dnyagiecons mobdiuA? PRkfardbly, 8fe phtlidresisain Barden2danQ distolvedmnietakydous-based
carbitol; 17.9 w. %ropylene glycol 1.5 wt. % urea
18mOBYsompesition a it ot firthericchbodithent OfBhGgGeninveon dieowicpasbased
wat er. [ 0036] | n another enbodi ment of the present
rpmq\@hgqnmqsxthnh@clwg ablgast pagsehgotiopigrpplyte, at least one alkaline salt, and

BARC material, in an aqueous medium. Preferably, the hardened photoresist dissolves in the
aqueous-based removal composition.

[0037] The aqueous-based compositions of the invention are easily formulated by simple
addition of the respective ingredients and mixing to homogeneous condition. Furthermore, the
removal compositions may be readily formulated as single-package formulations or multi-part
formulations that are mixed at the point of use. The individual parts of the multi-part
formulation may be mixed at the tool or in a storage tank upstream of the tool. The
concentrations of the respective ingredients may be widely varied in specific multiples of the
removal composition, i.e., more dilute or more concentrated, in the broad practice of the
invention, and it will be appreciated that the removal compositions of the invention can
variously and alternatively comprise, consist or consist essentially of any combination of
ingredients consistent with the disclosure herein.

{0038] Accordingly, one embodiment of the invention relates to concentrated formulations of
the compositions described herein without water, wherein the water may be added prior to use
to form the removal composition of the invention.

[0039] Accordingly, another aspect of the invention relates to a kit including, in one or more
containers, two or more components adapted to form the aqueous-based removal compositions
of the invention. Preferably, the kit includes, in one or more containers, at least one chaotropic
solute, at least one alkaline salt, and water. According to another embodiment, the kit includes
at least one chaotropic solute, at least one alkaline salt, and water, for combining with the water

at the fab.
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conposition includes at | east one chaotropic sol ute,

at | east one alkaline salt, and photoresist, in an
waouweousieredi um Preferably, the photoresist iBCT/US2006/000366

har dened and di ssol ves in the aqueous-based renoval

[6636?91%5&1& s eétnthgm%ﬂtlbxl relatd§ Io*}ﬁémoﬁg"&g%&}%ﬂ&f ﬁgrfderIeH Shotoresist

present Invention, the aqueous-based renova
mmmd 98 I3R! HERFocRbrdnRAR IO Ware£ NAGLY @RI ChS HubdiuB-based
at |l east one alkaline salt, and BARC material, 1n an
rehihit £l QbtSp ol Ghis\dBseritRd ﬁér&h,&hﬂl%mgﬁh&uﬁ&bﬂQﬂ)&dap hot or esi st
di ssol ves in the agueous-based renoval conposition.
[00a0BIA] hdrbemed cHiiatotesist bariorl RARD asmbviabngplivitiohhéhel mynedusibasad
are easily fornulated by sinple addition of the
corgmpitiat is uppliet graay setable mamdr twi thd myertabtorieravgeed comishy spraying
condition. Furthernore, the renoval conpositions nmay
tisenqpentschiapegl chwpasition pe the surfase pighempiatiak saghe desnydybmdiprings(in a
or multi-part formulations that are mxed at the point

ORISR ARSI oD e RreArHRlA ipguqingthe material to be

e By SR AL Bl b et et Pafelre-citad o
bRl 'b%lllt aﬁgﬂ {[&r eFe%egtn#h?t i Xlré?e% thﬁe ueb@d lgag&ii coglposmé)n or by

speci f e renoval nposi tion
m@&tﬁer%'ta‘ﬂfeemé%s, MRAR: GORGRMuE @{7 %ﬁﬂlch 'ﬂ{k éqﬁ&upﬁﬁaﬁcomposnmn is
practice of the invention, and be appreci at ed

bloligH mﬁdl&néx@ﬂ&){ﬁétv@tﬁma@ﬁéﬂtd&r&&mﬁﬁ. _the I nvention can
variously and alternatively conprise, consist or

[G0ARB Oftr B&ERNbT AdahMg Odn RAYIIRO A cRAdihORM] GfafeksNgiteddiandts of
consi stent with the disclosure herein. [0038]

200 arad0d inmg Isych. ae mypicelisowed foe miicradlectrbrdge davice Rirdu@tmanetattrég, for
to concentrated fornul ati ons of the conpositions

expapler §ikptedveie oehatrhvimersion, oviteterwalagludratch sproshasplivatiay  may
be added prior to use to formthe renoval conposition
(3L Ae 2prdiod it miroclebomBofevise cwrefhatging orepisnh he payprngbased
of the invention relates tg a kit includin i n_one or

copRogitipns mf e rPé‘?S%“t Htveasl% pre sl ycw}%ﬁieﬁtrgm%ya @tﬁd Phptoresist

o AR AR S BBR s SRR Rpief R Rt Fret gt gfch sueh
HEB£§S9QQ$QE€§%?mw$t Ieast one chaotropic solute at

eas ne a Ine salt, and water. According to

[(ﬂﬂQ}t ﬂgcomgﬁdng%wthe ﬁr@s@ntkﬂ&en 1&]19 Ib&?’ Q/ﬁ'ﬁle of their selectivity for such

hardened photoresist and/or BARC materials relative to other materials that may be present on
the microelectronic device subsirate, e.g., ILD structures, metallization, barrier layers, etc.,
achieve removal of the hardened photoresist and/or BARC material(s) in a highly efficient
manner.

[0045] In use of the compositions of the invention for removing photoresist and/or BARC
materials from microelectronic device substrates having same thereon, the aqueous-based
composition typically is contacted with the substrate for a time of from about 1 minute to about

60 minutes, at femperature in a range of from about 40°C to about 80°C. Such contacting times
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at | east one chaotropic solute, at |east one al kaline
salt, and water, for conbining wwth the water at the

WO 26000640] | n anot her aspect, the invention rECHUSR06/@0366

nmet hods of renoval of hardened photoresist and/ or BARC
arld ASeRiofds QD ifhusHALRE CfRA %gi SR Eiitab8 YinG BndVehfdransit b6rdfiBns ma
usi Nng the aqueous-based renoval conpositions descrlbeg
bd WpRiyEY thted datbadighs Oécmpletlyl MGy () hardefod bhotbrEdid ddd/dr BARC
har dened phot oresi st and/ or BARC renoval application,
mhthie] &guicthel sibiseding alipamedus-based songpptione df ke paessnt invention,
sui table manner to the nmaterial to be cleaned, e.g.,
within thpbayd meptiterd thadpyedigs- based conposition on the
surface of the material to be cleaned, by dipping (in
[0846]dlolleming fthe hrehievgmens u- Haséediredorpposdl t dcber), be aguus-based
material or_article including the material to be
compasiifeds readilycermevae fipmghe westiaEoe Aitigle tphigh itihay previqusiydeen

cl.eaned wi.th anot her naterj al e.qg.,.a.pad, or.fibrous
SRl G Bt LS Ba G ol aEsTel i s ey oo Bredamd et e
.aguequs- based. co sition, or any ot her. su
A T S e e e
Qsi i I, . . )
<$RERSE e Bl b By TRURBE AL S o v

nifeb 2R PsPHorGR b QGuddt prbdesfd. fOr cleaning fall wafers with
a dianeter of 200 or 300 nm such as typically used for

(00T 10 EhEEd: T RPdcE tﬁ’éi‘?ﬂeééﬁt GlvErGibh treldiRNGf 2Glethbd RY mab@bcturing a
exanpl e, single wafer or batch imersion, or single
mivedeREtronic devées fhidsiaétod camplisingabtarting fhe Odk3deleditonitpfeliceditlt m
m croel ectroni c devi ce manufacturing operations, the
aqaepuebassd thmewdl canmpopitiwi foi wfficof timdte apleastprtially rrwwme photoresist
are usefully enployed to renove hardened photoresist
andfqe BORC By Hisanes fhp Atioodiacpnicsdrbise hayingaid mterial thereon, wherein
m croel ectroni ¢ device structures on which _ such
thEARUERAPLS PR ePpeEonRA IS ¥ st opebapippiq FRlute, and at least one

1 Lt f t,h t,i tiol irt f
T P LA T o PG - R IS BRBRRRES ot and/ or
terial tive,t t . teri.al hat b
BT B BBt Do P it L B
| dsl . | i 'leas
prbbfhs ShAHOHA ey TR, bl 3 Bino@ 35 Bl e o A atLas

pdREen iRl 8f frdlofesidt ahdorB AN@BeYs Bnf € @iMelectronic device having said

material(s) thereon, using the methods and/or compositions described herein, and optionally,
incorporating the microelectronic device into a product. Preferably, the photoresist is hardened.
[0049] The features and advantages of the invention are more fully shown by the illustrative
examples discussed below. |

Example 1

[0050] Cleaning was performed on samples of patterned semiconductor substrate
consisting of layers of hardened photoresist, BARC, low-k dielectric (specifically carbon-doped

oxide), and silicon nitride. Plasma etching had been previously performed to transfer a pattern
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manner. [0045] In use of the conpositions of the

i nvention for renoving photoresi st and/ or BARC
woradoen7eliie from m croel ectroni c devi ce subst r aPE€BUS2006/000366

havi ng sane thereon, the aqueous-based conposition

of }{x@s,c‘sﬁz{cles)[ aﬂd%oﬁ?&%_‘%}ﬁm? Qirﬁ%gicﬁs,tﬁl%ﬁx aﬁbﬂ? %Or rﬂfncﬁnefte%r to Qre&tér%n 10

of from about 1 mnulfe to about 60 m nutes, at

rhiGOREHeHh W Ea&teirnrfoﬁe& ANA6H Qhtie 0P PAARANE to A 19ing B kals. The

8Q0C. Such contacting tinmesand tenperatures are

plattdril &dnsisted Mespacadélcle ynt® the @iibstdid, s@pYisy dtitheEsilabsl nitride etch-stop

tenperature conditions nay be enployed that are

layed. | Eimchiagigsedt photomsizs| agd BARCr eayraertt lag a vaatidg 0 between 10 to 50

phot oresi st and/or BARC material fromthe substrate

ngRANKETSt he aqueous- based conpositions of the present

i nvention, within the broad practice of the invention.

PW5dla6] Arsnctionglitly hwralg o gAY inghersipofop a fixpdetime at a fixed

renoval . action, the agueous-based conposition is .

t?‘é“ﬁ%?ﬁffymraeﬂﬁvgﬂ‘athr o PHER ik Phurior gt et Serhtere.

A BRI B3] s B Durp Ry 5 oo By B8 B

. 3 . u N o

el SAL A Ll 3P WNERLBAR, R BRI, SEELL A e B¢ e

sSrabiedt iPleowl 1069 of b Barliched pHIRAGistHnd BARCD ICRUMSin AFRUWBSeSve@ by

dei oni zed water and blown dry with nitrogen gas prior

tdpadosti bpRaJUE ErbschyyQae Subifged b QQshil]g clddranaitdRbpyASPast |

the present invention relates to a nmethod of

Exmmpif2ct uring a m croel ectroni c device, said nethod

conprising contacting the mcroelectronic device with

[Wa2laquédrasing assine Fasmpletion  Bowpo Detfirmed foor a swfuble cofe patterned

time to at least partially renmve photoresist and/or

sepipndyriny sybstste Suptn thah deserbed dixaanle gmvag thesame ancihad fleseyibed

.sai d materi.al ther wh inth - based
gl Ao BBEPPE U Preifbe mpdshlt brdien e

L kal i. [
A2t B0 ok 0L 15, B 0% PRl 1 8RR
a& 04844 v &p-@tﬂ&ﬁt fidal %p&&)&)y %d Jogﬁm'le@ M? Qctsfrmgr%ﬁéet%g&} J%%togc%py

I nproved m croel ectronic devices, and
($HMgor por ating sanme, made using the nethods of the

i nvention conprising at |east partial renoval of
Ephaples esi st and/ or BARC | ayers fromthe

m croel ectroni c device having said

[0053] Cleaning using Formulation C was performed on a sample of patterned

semiconductor substrate such as that described in Example 1 using the same method described
in Example 1. An immersion time of greater than 20 minutes but less than 30 minutes at 55°C
was sufficient to clean close to 100% of the hardened photorésist and BARC material from the
substrate as observed by top-down optical microscopy and confirmed by scanning electron'
microscopy (SEM).

Example 4

[0054] Cleaning using Formulation D was performed on a sample of patterned -

semiconductor substrate such as that described in Example 1 using the same method described
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materi al (s) thereon, using the nethods and/or
conposi tions described herein, and optionally,

WO p@e/Opoi@t i ng the m croel ectroni ¢ devi ce i nt OPEI/US2006/000366
product. Preferably, the photoresist is hardened.

. The. : ' 1] \
SO0 o g Sl s
whs SEHSSR S &h MM¥ut FosREMhEhbtoleFOAY BRRE AN HMRSthe substrate as

performed on sanpl es of patterned sem conduct or

obsbREH Ibatttep-CoRMSdpSital Mer&ikopyadi@ lconfRhed By St electron microscopy
phot oresi st, BARC, lowk dielectric (specifically
(8Bvipon- doped oxide), and silicon nitride. Plasm

et chi ng had been previously perforned to transfer a
ExampleSnof |ines, spaces, and holes of varying

di mensions, from about 100 nanoneters to greater than
[9055hi cridergingf ysig Horpwlatiar B gy rasdormgd cont @psasiplet oh gpatépned

PS5 e PR it o S
. [ t. the sLli Lirid - St l. T
PRI Bobbetl Sohel bR A Y gt
, t f ..
tﬁqgl%?ru%@? Qnd1 BAke rﬁg A @rg\ge%ug rs&bstrltg g? %Lseégc? %g t#vplo-goggl optical

(2]

trate was cl eane I NMer si on

rﬁi&%oﬁan@c&hﬁ&q bl SR M ddfr S r{ﬁ&o@gﬁ(@ﬁﬂdg bat h Of t he
Formulati on A cl eani ng sol ution déscri bed herei nabove.

[UsbEr | AS0®AiE LD WHLS the tifventBE hastbediBlcichBed3RRRI i reféddice to specific
removed, rinsed with copious anmounts of deionized
anyette Meat@es chnd ilowiratichr gmboditnknt$ bt the Gedhtiord itOhid ®8 iafigectated@habthe
30 minutes at 550C was sufficient to renove 100% of
utilitg off thedwsientibnih net dive dimited, dnidraBARGends] teand ergompesses numerous
observed by top-down optical mcroscopy and confirned
offigr awesiniferfes| e topmbedimendsy odewspiinalysit) claipx Aereafisr set forth are
ié%ﬁ%félfleaning,asiqg Formul ati gn, B, was perforned on a
G1OFEPTEPHE Froedh st dreludipg ofl saphasnetfs Heaues and
that descri.bed in. Ex | e 1 using the sanme net hod
eﬁ@%%??%%ﬁ“?%%gisHﬁﬁ%ﬁ%&mAn i mersion time of greater
than 20 m nutes but | ess than 30 m nutes at 550C was

sufficient to clean 100% of the hardened photoresi st
and BARC material fromthe substrate
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as observed by top-down optical m croscopy and
confirmed by scanning el ectron m croscopy (SEM.
waE@aprs18 [ 0053] d eani ng using Formul ati on CPE@EES2006/000366
performed on a sanple of patterned sem conductor
substrate such as that ggéeikggg i n Exanple 1 using
t he sane nethod descri nple 1. An i nmersion
time of greater than 20 m nutes but | ess than 30
m nutes at 550C was sufficient to clean close to 100%
Wwhatlih@aihad §ened photoresi st and BARC material fromthe
substrate as observed by top-down optical mcroscopy
and coenkidotethsddyterhcalnompgitioh eetul fon raroeing sloapasis{ HHEM) bottom
Exanpl e 4 [0054] C eaning using Fornmul ation D was
per f entiveedeatine aoxing{BARCY mpiatidle fomds suerpadeehic depice substrate
substrate such as that described in Example 1 using
t he daviee svel Melgriaieksiberpdve shidhcompasition somprising af Jeas 083 Potropic
time of greater than_ 20 m nutes but |ess than 30
mi nutselate 7nd b dsest\gag alkalmesglt dhin PRl AU ST B0Ys simoval
t he phot oresi. st d. BARC materjal. framt ubst r at
2o oISSERVHE By "ERh- WoRFPS(SE: RERIorHc PSS JHRG digterals ffom a
confi_r.me .scannj n | ect L. croscopy (SEM.
Exan'pnf“(’aro ec%ﬂ% e a&%ﬁ?ﬁg%&%ﬁﬂgﬂ%‘—t%nhm ation E was
perfornmed on a sanple of patterned sem conduct or

substrate such as_ that described in Exanple usi n

the SAFEOTROFHOLFLER 1 EENTHE %g’%‘y‘&g ‘i‘?mpﬂﬁenfs#ﬁi?a S g}? fotal
time of ggﬁut 20 qinutes at 550C was sufficient to

cl ean ¥ - RS S ot or esi st and BARC naterial from
the substrate as observed by top-down optica

m croscopy and confirned by scanning el ectron

ni cr $883pyt ¢ ERfe Wi dripgBEd YEEor di ngl y, while the

i nvention has been described herein in reference to
speciifo % was pec tiswt. dhadiopicedutanad i | | ustrati ve

enbodi nents of the invention, it will be appreciated

t hat ltdlﬁ wt. — 10.0 % wt. alkaline salt,

wherein the total of the weight percentages of such components of the composition

does not exceed 100 % weight.

3. The composition of claim 1, wherein the at least one chaotropic solute comprises a
chaotropic species selected from the group consisting of: urea; guanidinium chloride;
2-, 3-, and 4-aminobenzoic acid; 2-, 3-, and 4-nitrobenzoic acid; 2-, 3-, and 4- anisic
acid; 2-, 3-, and 4-fluoro-, chloro-, bromo-, and iodo-benzoic acid; 2-, 3-, and 4-
methylthio-benzoic acid; 2,4-diamino-6-methyl-1,3,5-triazine; aniline; 2-, 3-, and 4-
methylthio-aniline; 2-, 3-, and 4-anisidine; 1,2-, 1,3-, and 1,4-phenylenediamine; 1,3,5-
triazine; melamine; acetoguanamine; 2,4-diamino-6-phenyl-1,3,5-triazine; 2-chloro-
4,6-diamino-1,3,5-triazine;  2,4,6-trimethoxy-1,3,5-triazine;  2,4,6-trimethoxy-1,3,5-

triazine; 2,4-diamino-1,3,5-triazine; 2-amino-1,3,5-triazine; 2-amino-4-ethoxy-6-

17



utility of the invention is not thus limted, but
rat her extends to and enconpasses nunerous ot her

wa@spenrs16 f eat ures and enbodi nents. Accor di ngl RCT/URM®06/000366

clains hereafter set forth are intended to be

cort 1%§t93§%1(§gl %49:&&@9' Y 2GRk -m%ﬁthyla@(nﬁeﬁ@i_aﬂﬂi_opgﬁ ,§-|tﬂ_iazine;

sucﬁ aspects, "features and enbodi nents, within their
Spi Il t4. @315 GRBEITHEMEAMIMRAMBR] 2 nfrcaptebenmtidizsle; dhaotAuic
aqueous-based renoval conposition useful for renoving
photagiofsdRétedich BF ghap tasistagiof ehlefib edts,ibwanidosalts, fegide salts,
(BARC) materials froma mcroel ectronic device o
subsiitraset @lt$) ahibayenideusphs, reblowtel salty, oid bevaeateosplts; syl gorbinations
conmposition conprising at | east one chaotropic solute
and tedreof.east one al kaline salt in an aqueous nedi um
wherein the renoval conposition is useful for renoving
phot oresi st and/ or BARC nmaterials froma

4.mM croelceapds@iog 6f damisc ehdre ilrgatmaksonptedwitalhs chivgproenion
2. The conposition of claim1, conprising the )
f ol | comprings RIBIRRYt whivein 8Y Bkt ad R aren be feiseym asor diffgesnt
conposition: 60.0 %w. - 98.0 %w . deionized water
1. 0 fowpne anoter, Gidogacdy is indsneadend)piselectsd) TR the Loy ropsisgpe of
w. - 10.0 %w. alkaline salt, wherein the total of

t he Wdrogmandereetiyhge¥sof such conponents of the
conposition does not exceed 100 % wei ght. 3. The
conposition of claim1, wherein the at | east one i

5chaoTlreopingosgioh wf daigo hprtiesissthe atclgbeneohrairopip selpte gomprises a
sel ected fromthe group consisting of . urea;
guanshaetrepig ariemiapsing arpatorgic or moleculgyrgdins of meﬁfstﬁ%rﬁ‘i’a?%‘a‘é%}ﬁ%"
2-, 3-, and 4-nitrobenzoic acid; 2-, 3-, and 4- anisic
acid; 2-, 3-, and 4-fluoro-, chloro-, brono-, and

6i odoTlzenmpisitiondt othim 2,-whein, thesat iast onerghaokrgpie $pluie OBRLSS Brea:

acid; 2,4-diamno-6-nmethyl-I1,3,5-triazine; aniline;
2-, 3-, and 4-
7. The composition of claim 1, wherein the at least one alkaline salt comprises

(NR'R’R’RYOH, wherein R', R?, R and R* may be the same as or different from one
another and each is independently selected from the group consisting of hydrogen and

C,-Cs alkyl groups.

8. The composition of claim 1, having a pH greater than about 13.

9. The composition of claim 1, selected from the group consisting of Formulations A-H,

wherein all percentages are by weight, based on the total weight of the formulation:

Formulation A
2.5 wt. % tetramethylammonium hydroxide;
20.0 wt. % urea;

77.5 wt. % deionized water;

18



nmet hyl thi o-aniline; 2-, 3-, and 4-anisidin.e; 1,2-,

1,3-, and 1, 4-phenyl enedi am ne; 1, 3,5- triazine;
woredoanr43es acet oguanam ne; PCT/US2006/000366

2, 4-di am no- 6- phenyl -1, 3,5-tri azine; 2-chloro-

4,6-di amno-1,3,5-triazi ne;

2,4,6-trinmethoxy-1,3,5-triazine; 2,4,6-trimethoxy-

1, 3, 5FormplationBe; 2, 4-di anmi no-1, 3, 5-tri azi ne;

2-amno-1, 3,5-triazi ne;

2- am hd Wi YeletrweihyBmmosinitydedidep) - | , 3, 5-tri azi ne;

2- nmet Pg)ﬁ%/-ﬂ- met hyl - 6- (et hyl am no) -1, 3, 5-tri azi ne;

1, 2, 410 PF & ot-damingi6upeshyl- b3,5-Riagive;c apt oi mi dazol e;

2- mer gapt openzi m dazol e; chaotropic ani ons sel ected

fromthe yr'dtf¥ consisting of chloride salts, bronide

sal t jodi,de sal.ts nitrate salts, thiocyanide salts,

chl o?gfde‘&sgl% oz % henzoat e salts: and conbi nations

thereof. 4. The conposition of claim3, wherein the

cation associated with the chaotropi c anion conprises

( NRIR2RaRionwherein RL, R2, R3 and R4 may be the sane

as or different fromone another and each is

i ndepandentidtims®ylath@shnf Kyafbkidi,e 9roup consisting of

hydrogen and G -C6 al kyl ‘groups. 5. The conposition of

cl ai rhOMwt. Sadrdiimind-Gimetayl-113¢agikziene chaot ropi ¢ sol ute

conpri ses a chaotropic anion having an atom c or

ol edVer % dagingbenadic pideat er than or equal to 1.6A. 6.

The t%f? osition of claiml, wherein the at |east one

chaot’?8 |t'c/°%eéﬂn@?‘§w%$@hpri ses urea. 7. The conposition

of claim1l, wherein the at | east one al kaline salt

conprises (NRIRZR3BRAX)H, wherein Rl, R2, R3 and R4 nay

be th&.SaR% @S or different fromone another and each

i s i ndependently selected fromthe group consisting of

hydr ogen W{égangﬂfygﬁmﬁhljgﬁrﬁg%%é;g&fs' 8. The conposition of

claiml, having'a p han about 13. 9. The
CONPDS it i99BirietfladShitm nfigleCt ed from the group
consisting of Formulations A-H, wherein all

per ce&nd ey Hsleidfigediystenei ght, based on the total weight
of the formulation: Fornulation A

Formulation E

5.0 wt. % tetramethylammonium hydroxide;
9.0 wt. % tetramethylammonium nitrate;
10.0 wt. % butyl carbitol;

10.0 wt. % sulfolane-w;

66.0 wt. % deionized water;
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2.5 w. %tetranet hyl ammoni um hydroxi de; 20.0 wt. %

urea; 77.5 w. % deionized water; Fornulation B 1.5 wt.
waoRrdeloranet hyl anmoni um hydroxide; 1.6 wt. %  PCT/US2006/000366

2,4-diarnino-6-nmethyl-1,3,5-triazine; 20.0 w. % urea,;

76. 9 pmui¥elek oni zed water; Formulation C 2.0 wt. %

t et ramet hyl ammoni um hydroxide; 1.0 wt. %

2, 4- di2ai1 % QtrfbuiRintiohuin Wdroxild; | azi ne; 1.0 wt. %
4-am nobenzoic acid; 96.0 w. % dei oni zed wat er;

For mab.aivt. 6hsullolzne®y Wt . % t et r anmet hyl ammoni um hydr oxi de;

2.4 w. %tetranmethylammoniumnitrate; 95.6 w. %

dei o89.9 wtl Ywvatteyl carfitsh;nul ation E 5.0 wt. %

tetranet h)él amoni um hydroxide; 9.0 wt. %

tetré?r%t"’h%ﬁ?ﬁﬂ?ﬂ%ll’ﬁohltrate 10.0 wt. %utyl carbitol;
wt. % sul fol ane-w, wt. % deionized water;

For n'a10éﬁ‘| " felaging- Weth}a/ol?étt’f‘aé%t yl ammoni um hydr oxi de

- 22.8 wt. % deionized water;

Formulation G

6.0 wt. % benzyltrimethylammonium hydroxide
10.0 wt. % sulfolane A

10.0 wt. % methyl carbitol;

20.0 wt. % propylene glycol

2.0 wt. % 2,4-diamino-6-methyl-1,3,5-triazine

52 wt. % deionized water; and

Forﬁulation H

2.9 wt. % benzyltrimethylammonium hydroxide
0.025 wt. % potassium hydroxide

22.0 wt. % sulfolane A

27.0 wt. % methyl carbitol;

17.9 wt. % propylene glycol

1.5 wt. % urea

0.08% 2-mercaptobenzimidazole

28.595 wt. % deionized water.
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20.0 wt. % sul folane A 30.0 wt. % nethyl carbitol

17.0 wt. %ropylene glycol 2.0 wt. %
WQ2ebeai743mé no- 6- met hyl -1, 3, 5-triazine 22. 8 wt. PET/US2006/000366

dei oni zed water; Fornulation G6.0 wt. %

benzyl tri met hyl ammoni um hydr oxi de 10.0 wt. % sul f ol ane

A 10.0 wt. % nethyl carbitol; 20.0 wt. %ropyl ene

glycol 2.0 wt. % 2, 4-di am no- 6-net hyl -1, 3, 5- triazine

2 w d
B o S PR AP R TR e
t % |
ot ny AT AR ke St g D B o sl
urea bgse&) R¥odal @(ﬁﬁ&ﬁ%ﬂ%ﬁ&ﬂﬁkﬂhﬁ%% 8 148 p@%@llﬁ%mové’sald material

dei oni zed water. 10. A nmethod of renoving photoresist

and/ @lomBRRGhdwak Stticftn the Rfftcus-BasbElemataCedhiuiitita coApitbes at least
material thereon, said nethod conpri sing contacting

t he smb&mm@¢est£hmanbaqme@mahﬂs&ﬁnmemnuﬁimabnm03|t|on
for sufficient tine to at |east partially renove said
mat eri al

11. The method of claim 10, wherein the aqueous-based removal composition comprises

the following components, based on the total weight of the composition:

60.0 % wt. — 98.0 % wt. deionized water
1.0 % wt. - 30.0 % wt. chaotropic solute; and
1.0 % wt. — 10.0 % wt. alkaline salt,

wherein the total of the weight percentages of such components of the composition

does not exceed 100 % weight.

12, The method of claim 10, wherein the substrate compriseé a microelectronic device
structure.
13. The method of claim 10, wherein the material comprises a layer selected from the

group consisting of: photoresist hardened by plasma etching; photoresist hardened by

ion implantation; and BARC.

14. The method of claim 10, wherein said contacting is carried out for a time of from about

1 minute to about 60 minutes.

15. The method of claim 10, wherein said contacting is carried out at temperature in a

range of from about 40°C to about 80°C.
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fromthe substrate, wherein the aqueous-based renoval
conposition conprises at | east one chaotropic solute

war@earsdieast one al kaline salt in an agueous PETUSIMG6/000366
11. The method of claim 10, wherein the agueous-based

l%emﬁé nfeBUP QP 'cf;a{np Ao, C@%ﬂ ﬁl@sat hhe én@léhﬁlwo{ﬁg solute comprises a

components, based on the total weight of

Cco WQﬁdoﬁbﬁ?J‘spe@& BleedV¥om the 3Buf cHaiding cBQIQANEEREiInWAE @loride;
1.0 % w 30.0 %wt. chaotropic solute; and 1.0 %

W, 2- BQ.an Yoaitnobeptdi@dcidn e-, Sakiid 4-ukreeatofr dclde2t B4, atd Hfanisic
t he wei ght percentages of such conponents of the
conpesiiit -0+, duk §-flnab-, eklowe braBo, &idviedogirbzoicl®id; Phel-, and 4-
met hod of claim 10, wherein the substrate conprises a
mi cr owthelie-bmrac dudi Lkdisninerémetil-1.33riaging ambtméd Yof and 4-
claim 10, wherein the material conprises a |aye

sel edelitio-aHinens Lrad f- AR g dnd ﬁmleﬁ%lﬁr@élﬁwea 1,3,5-
har dened b tchi t

on PRGNS PARTOR. SERHEAR A e T H - BF Aga o
10,

of f‘rﬁ‘t?)sreﬁdiamno f‘?igna%ﬁé‘t a2‘34% “‘g‘o ﬁg%% ﬁe n Ogtg 60%111@1?.#%/% 5-

met heel,af o Al 3%&%” £8hflo-$ IBLAGHLN02 hinGALEbES-

out at tenpérature In a range of from about 4Q0C t
aboUim&ffMmidd)-1,3508aR! h0d nRfhofy-Aiinhls- (m@ﬂlzraﬁme) -1 ’ﬁsatrﬁ&me,
| east one chaot ropic sol ute conprises a chaotropic

S pecii@ghifgbRre inahz616; M inérbtofitiarple CD ASicadtdbagiriflazolds @astropic
guani di nium chl oride; 2-, 3-, and 4-am nobenzoic acid;
2-, 3nipnsaplectedl-fivint the prewy eungstiag blichloRide saBs, broandd sdiis, miids salts,
acid; 2-, 3-, and 4-fluoro-, chloro-, brono-, and

i odo-nietszeltss thiesyaiidesalts, hloratg realtsd andrianppptet dalts aprk Aogiigations
acid; 2,4-diamno-6-nmethyl-I,3,5-triazine; aniline;

2-, Hereohng 4- npethyl thio-aniline; 2-, 3-, and
4-anisidine; 1,2-, 1,3-, and 1, 4-phenyl enedi am ne;

1, 3, 5-

17. The method of claim 16, wherein the cation associated with the chaotropic anion

comprises (NR'R’R’R*)*, wherein R', R?, R® and R* may be the same as or different
from one another and each is independently selected from the group consisting of

hydrogen and C,~-C; alkyl groups.

18. The method of claim 10, wherein the at least one alkaline salt comprises
(NR'R’R’R*)OH, wherein R, R?, R® and R* may be the same as or different from one
another and each is independently selected from the group consisting of hydrogen and

C;-Cs alkyl groups.

19. The method of claim 10, wherein the aqueous-based removal composition is selected
from the group consisting of Formulations A-E, wherein all percentages are by weight,

based on the total weight of the formulation:
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triazine; melam ne; acetoguanani ne;

2, 4-di am no- 6- phenyl -1, 3,5-tri azi ne; 2-chloro-
wd2@ecdvens no-1 |, 3,5-triazine; 2,4, 6-trimet hoxyPeCT/US2006/000366

,3,b-triazine; 2,4,6-trinmethoxy-I ,3,5- triazine;

2, 4- dFawiuRBod A 3, 5-tri azi ne; 2-amino-1, 3, 5-triazine;

2-am no- 4- et hoxy-6- (nethylamno)-I,3,5-triazine;

2- met RSx4 etimbdiplanfob Bl dyli@m no) -1 , 3, 5-tri azi ne;

1,2,4-triazole; imdazole; 2-nercaptoimdazole;

2- mer é&pwblensi m dazol e; chaot ropi ¢ ani ons sel ect ed

fromthe group consisting of chloride salts, brom de

sal t s77-3 BtlPadietosizggdiveatersni trat e salts, thiocyanide salts,

chlorate salts, and benzoate salts; and conbi nations

thereof. 17. The nethod of claim 16, wherein the

catiop associated with the chaotropi c anion conprises

(Nmé%éa%@ wherein Rl, R2, R3 and R4 may be the

same b, different fro ne, anot her and each is

i ndepgﬁggr{t yams?@rf@é’ing‘a“‘?&dﬁw% group consisting of

hydr o & 06 |, groups. 18. The met hod of

cl ai mgﬁgt,' %e%ﬁ%?#g%{l’gégg "%ne al kal i ne salt

conprioges. %MRAR2R3R4PH, wherein Rl, R2, R3 and R4 nmay

be the sane as or different from one another and each

I s | réepartddsbdized sekgct ed from the group consisting of

hydrogen and Cl1-C6 al kyl groups. 19. The net hod of

cl ai m 10, wherein the aqueous-based renoval

conposition is selected fromthe group consisting of

For miompulatigg CA- E, wherein al |l percentages are by

wei g{}t, based on the total weight of the
f or mat’a¥'i GretEwethdiamonsn Ixdxent . %

tetr t hyl.amroni um hydroxi de; 20.0 wt. Y%rea; 77.5
Wt . %)%deét%ﬁ?' SRR "@Ft?{ylﬁ&r%tﬂ?z&ﬁ on B

1.0 wt. % 4-aminobenzoic acid;

96.0 wt. % deionized water;

Formulation D
2.0 wt. % tetramethylammonium hydroxide;
2.4 wt. % tetramethylammonium nitrate;

95.6 wt. % deionized water;

and

Formulation E
5.0 wt. % tetramethylammonium hydroxide;

9.0 wt. % tetramethylammonium nitrate;

10.0 wt. % butyl carbitol;
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1.5 w. %tetranmet hyl anmoni um hydroxide; 1.6 wt. %
2,4-di am no-6-nethyl-1,3,5-triazine; 20.0 w. %rea,

wWQ 8008/0M316 % dei oni zed wat er; Formul ati on C 2. OP@L/USN6/000366
t et ramet hyl ammoni um hydr oxide; 1.0 wt. %

2,4-d 0 thyl-1,3,5-triazine; 1.0 wt. %
4-am n ll@?)%z/osfqlcfoqgng% 96 O wt. % dei oni zed wat er;

For WB@G%P‘%&%&E%%?& - % tetramet hyl anmoni um hydr oxi de;
2. 7" % et ranet hyl ammoni um nitrate; 95.6 wt. %

dei oni zed water; and Fornulation E 5.0 wt. %

o5 STRRATOANT B e b i v
: egs i
c2r oyt UL A0 6%, Bty o0 ol 2o

r| nS| ng the substrate W th dei oni zed water follow ng
contact with the aqueous-based renoval conposition.
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