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[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 umevenly exposed photoresist has limited the consistency 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 subsirates 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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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 Hofineister in 1888 (Hofineister, F., Arch. Exp.
Fathol. Pharimakol., 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)). Welt

known chaotropic anions include CI, NOy, Br, I, ClO,, and SCN". Other chaotropic species



underlying dielectric. [0010] The present invention
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[0014] The present invenfion 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

[0026) 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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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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including, but not limited to, chloride, bromide, iodide, nitrate, thiocyanide and chlorate. Other
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solutes contemplated herein for use as chaotropic solutes inclnde, 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



suitably varied to provide the desired renoval action

of the aqueous-based conposition for the hardened
wdhRE@f8Rl st and/or BARC | ayer species and/or PCT/U§2|206/000366

processi ng equi pnent, as readily determ nable wthin

the skill of the art without undue.effare. .I[00O AS, <
s“‘ffgl@ﬁg ﬁeargéﬁ“ﬁz,mes £the %Sugl\év?%ﬁ?’uac oF f)l/a%ﬁ%’ g%ﬂ/‘fl aq uoégélgg"ggéés d
gl AT 611l 2. SNl 5 £6-thlifnck LB Aian BT £ RGNl

g
edst one Ehaotropic solute and at least one
1 PdKid1e SRbibming FBI8LAR! Y 2-ahiiR- 10081804, MELirind-i-Sthoxy-6-
wat er, nost preferably dei oni zed wat er . [ 00291 The
(mERARLHON,L5-CRkind, © BRENEF-4traetiyh 6 (BaBtaniifg-1 Sk ttiide] t V1,20
t he hardened photoresist and/or BARC constituent
tris¥ple Core substiuted &, 2gmiemtes;- beidede canpbstitéted nmidéGla orops 2-
solutes,” as defined herein, refer to water sol uble
mapeapiapideels aud Jembrcapbeimiddzeleneut ral and ani oni c
species which increase the ability of an aqueous,
[0030k a| | Brefereldpbs patipusrastosiaied il dherchpdiiopie qnighiotts mstel-igp free,
and/ pr, BA trqpic anions'

ARC | ayers. ," L preferabl
o B R Rt B o e B i 0 B o Syt €07 preppeth
ual. tq 1. for a e those .ani g roOpa
anf i P PGS RN i i O SO ! RGP o
- [ [ :
o S AR e Al 0 B8 b RSNAR AR
B i o Gt dimiom
[0831 o i iR aliARig shh(ONRivh Yo atitBlc @ PRGineC Bhdidbsis Sl BARCt layer.
act as chaotropes based on structural simlarities to
AlRoahotwiakihg orte SourBlbe theswy| #fsgesinialyd thainthé cdeoplvsbiugswells
not 'HTQ;S éo: a;;oaglicatlzmbearllzoate Ealtségg?ﬁgbegg};a};ﬁg@nd
thel golymaatci afering linegsalts i@ pttagk fHEH ®i0E gchagsne
2-, 3-, or_4-nitrobenzoic acid, 2-, 3-, or 4- anisic
phyetesist apd/or BARC dayers . Thup, sy ipterfacg fhpyees. the Bbgaly. and jhe hardened
i odo-benzojic_acid,, 2-, 3-, or 4-nethylihio-benzaqic
phgRfegist e BAREAESeris rfsmpfsvusbcgw-%%ﬁﬁ%?ﬂw@gﬂf%ﬁ?%& BARC
aci.d salts: 2. 4-di am nps G- methyl - -l azines .
i, s rond i R P, SRt P it kB e gt fon
B e e e clrnt

A SR ARNEE Lﬂd‘éa&qm%%ﬁnt%lé&&t@%oh o Sodp'chRftifEofBdrogln XA
2006/ 074316 PCT/ US2006/ 000366 substituted

C G351 ko7 IPRESabiy ¢fe aflalinehih i eitsmetgRinmghian dgydmeide and the
2, 4-di am no- 6- phenyl -1, 3,5- triazine,

pHReftlid agticonsdhabeddénanvilrvomflysBiphistat leatzabma,13.
2,4,6-trinmethoxy-1,3,5-triazine, 2,4, 6-trinet hox;;- .

[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 suitebly 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.



1,3,5-triazine, 2,4-diamno-1, 3,5-triazine,
2-am no-1, 3,5-tri azi ne, 2-am no-4-ethoxy- 6-
woOnederogdzei no) - 1, 3, 5-tri azi ne, PCT/US2006/000366
2- met hoxy- 4- net hyl - 6- (et hyl am no) -1, 3, 5-tri azi ne;
, 4- ' ) [ C 4-1.riazoles;
O, 2, T80 St p S Wby S ARG ot e s
injEiGARbyPh Ul A @ms@%leza&?ﬁﬁﬁﬁlhﬂpggé ‘iTﬁsqﬁmlc ntacti %&Qile
Preferably, the cations associated with the chaotropic
plRir@BREandOEBARE Biert ©be fef@ted wild 16 -aqueob¥RaiRd RAAA bohHRHi6n,
R, R2, R3 and R4 nay be the sane as or different from
10038 anBbeheueoahased amimvilscompostifvan de el veatde fiap dpicdnsIi be
the group consisting of hydrogen and Cl1-C6 al kyl
fogrelatesis witlpradditianalb bopnpondnts 1o alliitten snlmseothe atrecvalh\bdplbilithef the
chagQtropi c anion are tetranmethyl anmoni um
CMPPHIHY Yy {0t HhAS G iRprens dhd ehaseptet of e chypositiom niAgeordiegls the
c%%O:%ll The al alkng salt(s) serve to attack the )
CHRRPHR Y RB (BFwaed ¢ Wit sprfsftanisa rtabiliasre  chelating; agstigyheopgtion

'gt.bb d t it tul at ed. t hat
Rl b B P, el Pl et B T S f e
- al 1. owi | K [Nt
Gl TEn 58 el B2l & In Fb o B e

lohd® theld8 nbaeRoRUNE BkeddiSsuSHRSidiAL £d Ak hidke %.r g,%%ﬁ\gents

phot oresi st and/ or BARC | ayer iIs conprom se n
cohampleneRbr@n Rtiodesi=stls RRfkefigiBARRed by abnd &), AThOMoRS butyl

fromthe substrate. Alkaline salt(s) contenplated
cafb@plemethyl pabitod] sulfbedv; suifbland A, @ frygleaxgigRs, €. 9.,

(NR RRR3R4) OH where R, R2, R and R4 may be the sane
[0635] or Rypferresy aquecusfbessth temevah rrotobasitiossn dackee hfoingilations (A)-(T)

i ndependent |y selected fromthe group consisting of
COPRIGIRTISFPIRRAE™: C1- C6 al kyl groups. Preferably, the

al kaline salt is tetranethyl anmoni um hydroxi de and t he

pH of the aqueous-based renpval conposition is at

| ea 13. [0032] In general, the specific

pro%%%gggﬁééand anounts of chaotropic solute(s),

al kalsizpe, i.onlzed water in relation to

eacﬁjgﬁﬁgFﬁﬁgg&%%ﬂg%@?ggﬁ§9@%ried to provide the

desho.edtaoidi | i zing action of the aqueous-based

conposition for the specific photoresist and/or BARC

| ay@7.8 wt.& deeonizk@gi@d from the substrate. Such specific

proportions and amounts are readily determ nable by

~—=

sinmple experinment within the skill of the art w thout
undue effort. 8 WD 2006/ 074316 PCT/ US2006/ 000366
Fommulation B

L.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. % tetramethylammoninm hydroxide



[0033] The renoval efficiency of the aqueous-based
removal conposition of the present invention may be

wEReasE by use of el evated tenperature condigd©8So0bdhoosss
the contacting of the photoresist and/ or BARC | ayers

oAt R SRR R Rs- baced r onbyal

co ity ps.ohthe Lpvention may optionally be
fornu%tt’é’gavmnm%o eng%%?°$onal conmponents to further

enh@%%.%@ei&?z@@%ﬁ;& capability of the conposition, or
to otherw se I nprove the character of the conposition.

Accordingly, the' conposition my be fornulated with
surfactants, stabilizers, chelating agents, corrosion
i nhigginiuddtisy Dconpl exi ng agents, etc. Al though the
aqueous- based renoval conpositions of the invention
nor reel wiy% ceuatethylanmoongmgigrdioside 0- sol vent's, an organic
co-sol vent may be included so |ong as they do not
cor 2ddE. Gidremethdeminiinenitagieh as metal s and | owk

diel ectrics. Co-solvents contenplated herein include
al k@AEIME 6 deiqpized Eietyj ght chai ned or branched Cl-Cb

al cohol s), butyl <carbitol, nmethyl carbitol,

sul fol ane-w, sul folane A, and propyl ene glycol. [00351

Pr ef ._agueous-based renpval conpositions include
for n@#‘%\%%%%g (A)-(J) enunerated hereinbel ow

For ny At 4ok aRetyi@uiniunyByaRidg@ et hyl anunoni um hydr oxi de
20.0 wt. %ar eﬂgy 775 W . % élei oni zed wat er

For muy &t 4, ek aBetlviRuMniunYait-gd r anmet hyl ammoni um hydr oxi de
1.6 wt. % 2, 4-di anuno-6-nethyl -1, 3,5-triazine 20.0
Wt . 1%oaneabut@d.cbiedl. % dei oni zed water Formul ation C
2.0 wt. % tetranet hyl ammoni um hydroxi de 9

10.0 wt. % sulfolane-w

66.0 wt. % deionized water

Formulation F

from about 1.0 wi. % to about 5.0 wit. % tetramethylammonium hydroxide

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

rerainer detonized water

Formulation G

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

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

remainer deionized water

10



WD 2006/ 074316 PCT/ US2006/ 000366 1.0 wt. %
2,4-diam no-6-nethyl-1,3,5-triazine 1.0 wt. %

enzoi c acid 96.0 w. 9% dei oni zed wat
US200 /000366
W"éé’?‘m’a ion D 2.0 wt. % tetranethyl ammoni um hydr oxi

2.4 . Y9tetranmet hyl ammoniumnitrate 956vvt %
deioﬁ%@g@ﬁger FOHTLH ation E50 w. %

tetréam%{ nlu 9.0 wt. %

tetrane lwtft% Omu E ({x‘dg’ 10.0 wt. % butyl carbitol
10. Oyp/d wi, (9/Os§1wl£19hane w 66.0 wt. 9% deionized water
Formulation F fromabout 1.0 wt. %to about 5.0 wt. %
t et r Bl heilDRibiey hydr oxi de from about 1.0 wt. %to
about 20.0 wt. %of 2-, 3-, or 4-nitrobenzoic acid

t et rmmhh%lpmgﬁamgmlsal t remai ner deionized water
Formul ation G fromabout 1.0 wt. %to about 5.0 wt. %
t et rairet P, adnmoine-GHmethydl, 5irdeind rom about 1.0 wt. % to
about 20.0 wt. % of ortho-, neta-, or para-
phen%geﬂeéldaml?ﬁém@ﬁal ner deionized water 10 WO

2006/ 074316 PCT/ US2006/ 000366

Formulation I

6.0 wt. % benzylirimethylammonium 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. % potassinm hydroxide

22,0 wi. % sulfolane A

27.0 wt. % methyl carbifol;

17.9 wt. % propylene glycol

1.5 wt. %o urea

0.08% 2-mercaptobenzimidazole

28.595 wi, % deionized water.

11



Formulation H 8.2 wt. 9% tetrabutyl ammoni um hydroxi de;
20.0 wt. % sulfolane A 30.0 wt. % nethyl carbitol

wa fodd/0m316 % propyl ene glycol 2.0 wt. % PCT/US2006/000366
2,4-diam no-6-nethyl-1,3,5-triazine 22.8 wt. %
dei oni zed water; Formulation | 6.0 w. %
benzyltrinethylannoniun1hydroxide 1000 wm. %

%Hé(qu g%gthpl\ ]erglb%n-ﬁenb Of/oﬂe < pr sentcl%(.rgnltxgnm the azqgeo(\).ls- aséd émoval

@ufhosHon 'ﬂcﬂl@es@t 2 mélcﬁa%i:rgbl%ofu{e' Qﬁa&}%&e %l?ah}{@ sal)t/ %d photoresist, in

dei oni zed wat er: Fornmul ati on

eGgEshs rhdared. 'Px’dféi gﬁﬁt&&’sﬁf RX%hrdSied £d QBR1E in t%’aqueous-based
pot assi um hydr oxi O wt. Va sulfolane A W .

ot dvytposition o it 0]l furtth.eﬁlbWunen%}ﬂlﬁQﬂbSblﬁ &tﬁmgioy,cmé aquebus%ased
wt. %urea 0.08% 2-nmercapt obenzi m dazole 28.595 wt. %

rgepvah conendsitint ipcluded bt MGE 2R06hE0A1 161ufeCTY kiS2 ORGHNBEE, and
0036] I n another enbodi ment of the present invention,
éAﬂEC grqqg@e&,ug ap) gryieqns medipg [Preferably, the hardened photoresist dissolves in the

agueous-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 mmultiples 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 desctibed 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 fzb.

i2



conposition includes at | east one chaotropic sol ute,

east one al kaline salt, and photoresist, in an
W 20
qU8{4348di um  Pref er abl y, the photoresist i SPCT/US2006/000366

har dened and di ssol ves in the aqueous-based renoval
dHH4pbBiI d.npthﬁ!'l'.asﬂel_it, the Biéntibn felatel REMeIRIID OB oﬁ:%rd&lég phatoresist
present invention, the aqueous-based renova

eV IHRG bsrers fromudmiralectiont Stevied) @ A@hdcORiG BOhdibRis-based
at |east one alkaline salt, and BARC material, In an
LEReEd Gemmeaitions desopied heseimdojuding Rermulrtiots &) (OOt O esi st

?@agg%nv%s{ in the aqueous-based renoval conposition.
densth phejoresith candigr BARSH gettaveln sppditatibie the NaLREE-Bided
A

N LR L O I
BEULLLhes FLLRRTRL 8 TNl EPESIL) 0 Ty
Bl oA 00 i 5SS L o
Sty O bt e 0 o025«

fitesp ewbiny ppliage ehentis: Faubed Wb Yokalhidd bélnposition, or by
specific multiples of the renoval e’

conmposi t1on,

R 108ret] ufitghlee means,woangeroi neBilipfcayWhic e bRRMLIRA composition is
practice of the invention, and it will be appreciated

Tronght intp remoratespidct withmrdsiat th bedleandd. t he: i nventi on can
g@hiousl y and alternatively conprise, consist or

(B4 iOsher metbedstof slpaninecstn bmmtilicaintn ciabing Aullobafert AEH € ia@BiESor

o nSJr3 t ent Vl\{lth t he disclosure herein. [0038]

c ot ai NYIe BSrierieahn B dericiogleqtineic dewrerritwnmamtaaifg;, for

0 trated farnmul ati ons of the conpositions

e(%&élné) cr %@gw %rroégﬁl"i"h\/ﬂnf"ﬁrﬁlﬁ’l" ohaiveds waliiivebaiqhspeyeolicetion. nay
R ior .to.use. to . formthe renoval conposition
27 3? ﬁg% r%%ﬁer% P%Cﬁ?elef%%]%w}% JRRHEING opgRtAnpethe agiseustbased
c&thpokifigns! R R Yrds QR ; t kit including, in one or
more  cont ai%ées%g ,H[Vtg I\l/\t%El g% ursr%%?lg’ ¢ ﬁ%%‘ﬂ@rf?@ovﬁ ned phejoresist

attddgr IBARTEmaSHROMS QRS ! i.tions of the
invention. Preferably, the ?‘l@tde(l’cﬁ%gﬁaag‘él‘%e, S%iu%hn‘s%%ng ich such

maerid(sriond ieendhssitedit | east one chaotropic solute, at
| east one al kaline salt, and water. According to

[GRAd: Frer comprbaittbhsren the drdtent Kifentiodl by 988e oRlhekr %&Eﬁvﬂg g'or such
chaotropic solute, at |east one alkaline salt, a

hapdeped phoforsistandityi BARGmuieddls ©hoewhbidr mabialt Ba: th@fbe plefent on
the microelectronic device substrate, e.g., ILD structures, metallization, barrier layers, efc.
achieve removal of the hardened photoresist and/or BARC material(s) in a highly efficient
mannet,

{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 o about

60 minutes, at temperature in a range of from about 40°C to about 30°C. Such contacting times

13



WD 2006/ 074316 PCT/ US2006/ 000366 [0040] In another
aspect, the invention relates to nethods of renoval of
W8@ddiophot or esi st and/ or BARC | ayers fr ommT/US2006/000366
m croel ectroni c device wafer surface using the
20| URPEEMRAEE HlustfAMD W an§ QIROSIHHIORTe HAIGHIREL: BEERIN may
i ncl udi ng For mul ati ons A - (J). [00411 I n hardene
bplemployed shasdre affickicidins BARGHIEIEINBARve BB Ririliad pHRRreskiBd/or BARC
aqueous-based conposition is applied in any suitable
nmmleﬁrom thetshistrate tusing e atp@olpebagdd eampaitions. ¢f. the Pigsent invention,
S ing the aqueous-based conposition on the surface
Wﬁm% o¢d Prapticg pf theinysatian eaned, by dipping (in a
| ume of the agueous-based conposition) of the
EF?IQIngr thg  achieyementhof i desitech gemevele mftioh, the baeous-based
contacting the material or article to be

G@P%)&W%IS\X?%W wHgYsddForhihe éqhisigte oré:rlﬁ:le to a‘(Vhﬁfﬂdt hag jpreviously been

b I | d
SR RO R ST we?aﬁ? efig i o
g§rEH tel?tplls% W Aon SRR Ghmy ;ngm 1%05}”&1‘1 lgreﬁ?ny nﬁon r%%fgrlably, the

aqueous- based conposition I's bro 5" %Fe
RS arkidld 1R iBdaekialoplots Qﬁo&{sqﬁ“ﬁgﬁn e[dovpzftl JanPbRER ary with
met hods of cleaning can be utilized for cleaning Ul |
nivafenress phiod 1 sibseuaiBbeksigf 200 or 300 nun such as
typically used for microel ectronic device circuit
{CtetTliammbtien fpect, e pregond AYERion SEING & Wahellod UF BALGRuring 2
i mrersion, or single wafer or batch spray appllcatlon
mﬁmlbsqonmsieapqg bdidoiethal winpritied @ohdtingile ndevdl@onic device with an
manuf act uri ng operations, the aqueous-based
AQEHSHAEY reBR G?IDROHGOID&E@@WEDF limeeiotal apt parinlly sedavk blyotoresist
mﬁ%?é d to nmove hardened photoresist and/or BARC
s H’Bélil?raft@@%fépvm byving| seid mapsriploheteoni weerein

pSL UG yr es .9 ih ich su ial (s) have been

B PR Pl S or B et e’ oo s gt last oe
, rfe of t | ectl or such

ﬂlﬁ%}{%%ﬁe g %t&g’ynléeg g PLRLE {hﬁﬁ\%%’ %’é%?’g%‘g rel aij ive to

[Oghﬁlef’et %ﬂﬁzf %ﬁl&& 01” E@‘m&éﬁ%n Qe %taps t? %Sprm.reg .rrlzﬁcr%)?lz%tronic devices, and

m croel ectroni ¢ devi ce subs

pr&ductd GhddfpBBiind Rl hdealsing e Rehdd %F] e Y6t fon c%é%wu}ﬁ at least

achi eve renoval of the Rardened ot or esI st

paBRAREmow 6f jhalofeSidt ahdlordB AR CIRYeYs Bl hé mﬁ:memc&mmeﬁee a0 =ka
In use of the conpositions of the invention for

materinl()i theyeop esingrigsimathoda antl/@rcoldfRGons d@b@ibedheteif, 284 bptionally,
m cr oel ectroni c devi ce substrates having sane thereon,

mf%@r@%@gg@rwbgMC 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 catbon-doped

oxide), and silicon nitride. Plasma etching had been previously performed to transfer a pattern
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conposition typically is contacted wwth the substrate
for atime of fromabout 1 mnute to about 60
WH HOe/8H316t tenperature in a range of from abadT/d8006/000366
to about 80C. Such contacting tinmes 13 WO 2006/ 074316
BfTirlet )S70Q 6400 Q01286 v difnE¥RGS, AbM % deitd L hyve,
and any other suitable tinme an E@%ﬁgﬁg ﬁp%%gé%%?¥?gﬁgle
rrcyoris froanen @y hrinbthih a &pQoRink bERGRYS t§ @ i i
renmove the hardened photores??? and/ or %ARC 1?%%P§IThe
Pitigrn qohsisted i spacest eichersintoghd fubstatIQ6S: 2888 dilicon nitride etch-stop
conposi tions of the present invention, wthin the
BYBadhphardeied shasiresish end PARG twiap presdrOBAB boaliey bicbbtwegn 1M1® 50
achi evement of the desired renoval action, the
LHOBYYE- based conposition is readily renoved fromthe
@H trate or article to which it has previously been
ppl'i ed?™ *&HFn 2 @‘9 sybsirpte, was,gleaped Ryrimgerston foremineditime at a fixed
SLERLSD e.desire .an%p ffjcacious in a given
end us)é ‘%g%?f}%g%“?b’%g%r&”j OFTHRALER, %%aimlnﬁ SPfetiogs degoribedyhegsinabgve.
AR @R foPIREE &Y el substrate or_article is
rinsed with copi o%g lﬂ%ﬁoﬂ?egascf e gé’éﬁlf‘eﬁlé’ﬂﬂ]\ﬁ/ﬁ?“@’rs agAys of de-
ibhieanw ki andi Hidwn & i@ 48RbBAS APId:Rie hife S 0ty 550
propessing. (0047] In angther aég%%??w€ﬁ§§§§§§%ﬁ¥55C’W“
suffieientt tb eamore] NS tHeMadledtl bRATesdf daBNHE@ Cél%in% Yraflobserved by
m croel ectronic device, said nethod conprising
tepiavacpliamicivecony o oalfeaid tRiRniBEMbdEtn WckdicoBP (SEM).
aqueous-based renoval conposition for sufficient "tine
2l east partially renpve photoresist and/or BARC
ﬁg% ri fromthe _mcroel ectronic device having said
f ri atemE, waig, Fomeletioon B tee retforesdisenb as ethplee oD \patierned
S&%gglghgicn %nclgdgﬁ at | east _one chaotropic solute,
And At T Sstrategieh ashat desprhed inxamply 1 aiping the sategnatididesaibed
hPEﬁ&ﬁbe' v . phot oresi st, i s. hardened. [0048] Yet
anot her é%ﬁ 6‘3%:“%18?9{"58{???@@1’?? g%mPBie%\]f“é?S%%a‘i I0ghises gt 55°C
Wb SR EneH LR 06y dpY 1,0d | ncarpor at i n
sane, #adeeusiné t g&%%?ﬁgﬁgmgﬂmﬁﬁiﬁ%QGEWFP@%Dmﬂm“1“mm
a€ GiERwbdsty t6p-@wnl BAGH micRAEdpY 3hd LBER RO or esi st
and/ or BARC | ay(%r S fr om({pke n‘focr o\eéﬁlg%?{mgﬁl%&%fg% groseopy
(3 ng said material (s) thereon, using the nethods
and/ or .conpositions described herein, and optionally,
Exampledorating the mcroel ectronic device into a
%ﬁduct. Preferably, the photoresist is hardened.
W@ 49] Craiing ding riosmiatign advumst agésmef ohhe samplenssi atterned

ar.e re Eully shown by the illustrative
semtconductor 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 photor\;:sist and BARC material from the
substrate as observed by top-down optical microscopy and confirmed by scanning electron'
microscopy (SEM).

Example 4

[0054] Cleaning wsing 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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exanpl es di scussed bel ow. Exanple 1 [0050] C eaning

was performed on sanples of patterned sem conduct or
wWOuWesd/07as consi sting of |ayers of hardened pcr/us2006/000366

photoresi st, BARC, lowk dielectric (specifically

SRS 4R Sk S ARS8 0 g5
Rad JulilcRat 1d QIEMI)&Q@%QE ﬂig %ﬁotggﬂt Hﬁ@f&gfl 8&91‘?’&? g‘%rg %{efsP%sﬁ?te as

i nes, spaces, and hol es of varying nensi
etsaiéd HyOfpAaM0 RIcRIN Miclofeoff SR @hfifa By Sthnmilk SlARA mitHQMy
a pattern fornmed in a top coating of photoresist to
SEdDunderl ying materials. The pattern consisted of
spaces etched into the substrate, stopping at the
nitride etch-stop |layer. The hardened
@hotoresist and BARC was present as a coating of
83heenClemning using  Fymmidation df swas| paftded Aos ec tsimgple of fahtaned
subst r at aned by immersion for a fixed tinme at

e s cl

FyREEor vevpe U 3 1ot Scaibes i B Pl ing ftsprge method doseibed

J ipn. A cleani ng.solution descri bed _herei nabove.

M, A iR 3 BPod ol s S e et ppIEeRpagscosn 1007 of
' ist Lol L L Loys amounts of de- ionized

o Pasn nf AR i MR R, IBBHR. S i P e oafee

130rooPyHind SorRikm A sMBSing Stk ﬂcﬁ:%ép} Rebgrove 100% of

g e

the hardened photoresist and BAl ning was
[0455 1 v elocbiylingly il @ inv@tioh Gad beb b @BEORY:iAR Qﬁf&&gé ol sP&hic
by scanni ng el ectron m croscopy (SEND. Exanple

H1BOSApatbsma iltugtratiss ergholfinteAt bofiht @edBio\aSwilee fapFrb®@ekdOhht fie
sanpl e of patterned sem conductor substrate such as
wilgytof dhesiayentinads net thsdimpled bt ttiengxtentieto sadrencimpROE numerous
escribed in Exanple 1. An inmmersion tine of greater
B ASPRES: rivaftitsed (ambodimgs. ¢ Waeprdb@hitiruelaims dibroSfC setvinsh are
.§gff'cient tqyﬁlean 100% of the hardened phot oresi st
R BRRE RETFRIIREY PRy comstedputinodidng sl sudinsmeipcidatisys and

. tLcal .m croscopy and confirmed by scanning
e‘e‘ﬁgg‘{: ol vithn g g%"ﬁn FHEND. Exanpl e 3
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[0053] d eaning using Fornmul ation C was performed on a
sanpl e of patterned sem conductor substrate such as
‘¥ﬂgam@@§%?ibed in Exanpl e 1 using the sane netbPODUS2006/000366
described in Exanple 1. An imersion tinme of greater
than 20 m nutes but |es m nutes at 55C was
sufficient to clean cIoZ%ﬁggi%gggbof t he hardened

phot oresi st and BARC material fromthe substrate as
observed by top-down optical mcroscopy and confirned

Ry hatdoolaimedyisel ectron  mi croscopy (SEM. Exanple 4

[ 0054] d eaning using Fornmul ation D was perforned on a
danpl dngfiuepusthaged mabvalsempasitindiusefibior @nbeing EHomreisicid/aSbotiom
that described in Exanple 1 using the sane nethod

descr A¥iFtlectiys peating 4 BateriaCRPUS O08IBORE6 devica substrate

Exanphe.l. An i rsion time of %yeater t han 20
m nut B BERR 4herepe, Hidrsampasilian capmuising gtleast ono chaotrapic

suffigj | ean ut 90% of the photoresist and
BARC %&EII g tralll&aot l%?sg ﬁ]ilf.‘t %ga%gﬁﬁ tt P‘;%neaqagous g‘ﬁglglinv gaerﬁ'? the removal

top-d ' ' fi 0
00080 b e S SRR 500 M
usi ngmﬁﬂfeﬁbﬁoﬁk!d@ﬂce&ia@su%{)t&[ag%ﬁ%& a sanpl e of

patterned sem conductor substrate such as that
described in Exanple | using the sane nethod descri bed
bn Ex . lher sion, i about 20 m nutes_ at
25 it ofpqitiof 3 Y, onaitis 06 lop St et beeibonoe o
and Bk BRhELonRbsiddnO™ t he substrate as observed by

t op-down optical  mcroscopy and confirmed by scanning
el ectron mcroscopy (SEM. [00561 Accordingly, while
the ipvention.has peen.described herein in reference

to sﬁg%ﬁgﬁ%hgggﬁég?g?“?@i?ﬁ?és and illustrative

enbodi nents of the invention, it wll be appreciated

t hat +h% wtyt3p.0i% . dfeotrdps shintepmti on i s not t hus

limted, but rather extends to and enconpasses

NUIMEr1I00I% wt.Ot T0@rY% &8 BRMAS saif €at ures and enbodi nent s.
Accordingly, the clains hereafter set forth are

inte A correspondi ngly broadly construed, as
ol et B R G I SERBE S diades of ik e of he compositin
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: vrea; guanidinivm 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-iriazine; 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,A-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-
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enbodi nents, within their spirit and scope. 16 WO
2006/ 074316 PCTI US2006/ 000366 THE CLAI M5 What is

WO 29068%#31&: 1. An aqueous- based renmpval conpPosSPEi/OS2006/000366

useful for renoving photoresist and/or bottom

ant i {mehf@ahd)MS, Cel@ideNd (z%@@y-ar&kﬁw@dnﬁthwaﬁmbﬁz 3 5-triazine;
m croel ectroni c device substrate having such
mat en2athfiszplel htidole, 2-BertatodhitPoR] 2-meatehsitini8dz0lg; dboiropic
| east one chaotropic solute and at |east one al kaline
sal t anipnsarledgifaoutte e enyisting of ehlonid¢ $alis, bewmidesshlts, iodide salts,
conposition is useful for renoving photoresist and/or
BARCHjtaieespltsa fhdocyanisde salts, ghlerats esplése erdobrinecattespits and gappbingtions
such materials thereon. 2. The conposition of claima1,
conpfe®hg the fol | owi ng conponents based on the total
wei ght of the conposition: 60.0 %w. - 98.0 % w
dei oni zed water 1.0 %wt. - 30.0 % wt . chaotropic
4ol uflee compdsition, of c%mvﬁ whefedn e Yatinn assedidall witheths eliabtropic anion
wherein the total ,of the ghg percent ages of such
conp&BHEE @P- RRR’ )c’d'?‘h%?ﬁ R’ Bn R’ gebB’ mpst becthie eaang ag oodiffrent
wei ght. 3. The co ﬁltl n o | a wherei n the at
| east™BrEe @ ‘gp"lf o R ?‘"}egté figm the, 2P 6?5’15‘&““% of
spec r,omthe group consisting of. urea;
guan? %?un1g% @gémmpi 3-, and 4-am nobenzoic
acid; 2- 3-, and 4 ni trobenzoi c acid; 2-, 3-, and 4-
an|5| aci d ,, and 4-fluoro-, chloro- br ono-,
5and iTBY EPHHJ@ﬁwl ctf Céf'é"{ld’ wherem gq_e at leagd oz;e chaotropic solute compnses a
neth It I 0- benzoi.c acj d;
RS SRy i o5 mplecpar s g e ban o quabo 164

and 4- nethylthlo aniline; 2-, 3-, and 4-ani sidine;
1, 2- and 1, 4- phenyl enedi am ne; 1, 3,5- triazine;
6ne| a%qf-@mp%@p @%gﬁd”wlﬁ:gem the at least one chaotropm solute comprises urea.
2, 4-di am no- 6- phenyl -1, 3,5-triazine; 2-chioro-
4, 6-diamno-1, 3,5-tri azi ne;
72, 4, Bhe compbitiox wf Icladn 5 twliesedi fie; at least one alkaline salt comprises
2,4, 6- rrlnethoxy-l 3, 5-

(NR'R’R’R*YOH, 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

Cy‘Cﬁ alkyl groups.
8. The composition of claim 1, having a pH greater than about 13.
0. 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 wi. % deionized water;
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triazine; 2,4-diamno-1, 3,5-triazine;

2-am no-1, 3,5-tri azi ne; 2-am no-4-ethoxy-6- 17 WD
WRBWH7E396 PCT/ US2006/ 000366 PCT/US2006/000366
(et hyl am no) -1, 3, 5-tri azi ne;

2- met hoxy- 4- net hyl - 6- (nmet hyl am no) -1, 3, 5-tri azi ne;
1,2,4-triazole; imdazole; 2-nmercaptoimdazol e;

2- mer cg%gﬁé@%ﬁ m dazol e; chaotropic anions sel ected
fromt goup consisting of chloride salts, brom de
salts, h?gg@‘g@%ﬁw@pmommhm@d@m ts, thiocyanide
salts, r salts, and benzoate salts; and

conbi nléflia!c')%sﬁ'%ﬁgp%%ﬁeﬂ’ﬂ'ls%@a@mmosi tion of claima3,
wher eiz.otwie, gAL. on associated with the chaotropic
anion conprisés (NR RRR3R4)+, wherein R, R2, R3 and
R4 mayrclbevt.toh geisalE ,or different from one another
and each is independently selected fromthe group
consi sting of hydrogen and Cl1-C6 al kyl groups. 5. The
conposition of claim1l1, wherein the at |east one

chaot FepiultienT ut e conpri ses a chaotropi c ani on havi ng
an atom c or nol ecular radius of greater than or equal
to 1.6AWt VBE“WYMM&&@&;M& claim 1, wherein the
at | east e chaotropic solute conprises urea. 7. The
corrpog'ﬁf”f'%!%ﬁ‘a@%naiﬁrweﬂzyl-mmﬁe;t he at |east one

al kal j salt cqnprises (NR RZR3R4) CH, wherein R, R2,
R3 an%@%ﬁ% ‘g’e‘fzﬁ’éa@@ne as or different from one
anot %{0@%dgg&gdg&e{ndependent ly selected fromthe
group consistin

g hydrogen and Cl-C6 al kyl groups.
8. The conposition of claim11, having a pH greater
t han about 13. 9. The conposition of claim1, selected

f r ombofnlgibwpp consi sting of Formul ati ons A-H,
wherein all percentages are by wei ght, based on the

t ot al2-0\mi‘kgtatrarﬁéth3ndﬁﬁncﬁl%{ﬂj,h%;iggn: Formul ation A 2.5
W . % tetranet hyl anmoni um hydroxi de; 20.0 wt. % urea;
77. 5247t Wiettgiatnylanesboidal@fate; :

95.6 wt. % deionized water;

Formmlation B

5.0wt. % tetramethylammonium hydroxide;
9.0 wt. % tetramethylmmnoniumvnitrate;
10.0 wit. % butyl carbitol;

10.0 wt. % sulfolane-w;

66.0 wt. % deionized water;
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18 WD 2006/ 074316 PCT/ US2006/ 000366 Fornulation B 1.5

wt. % tetranet hyl ammoni um hydroxide; 1.6 w. %

WO 2004{03431610- 6- net hyl - 1, 3, 5-triazine; 20.0 W . POTUSEBE/000366
76.9 wt. % deionized water; Fornmulation C 2.0 wt. %

t et r affedniwislign®oni um hydroxide; 1.0 wt. %

2,4-di am no-6-nethyl-1,3,5-triazine; 1.0 w. %

4- anr BROWHSA kortutykointpiudtiyfioxlle; % dei oni zed wat er;
Formulation D 2.0 wt. % tetranet hyl anunoni um

hydr o%f-8i&t % splfefangtA o4 t et r anet hyl anunoni um nitrat e;

95.6 % dei oni zed water; Formulation E 5.0 wt. %
t et ra%?ﬂ&l/ﬁm@ﬁ?aﬁhﬁ"hydr oxide; 9.0 wt. %

tetra Lammoniumnitrate; 10.0.wt. % butyl
car bi d‘??yf&r@y&[‘?gm%o ul fol ane-w, 66.0 wt. %

dei onpgedoa g1 . 19 /074316 PCT/ US2006/ 000366
For mul at ?c{ér/:ﬁ{:&wo\%ﬁm%ggg?&'ﬁlﬂ?yl amoni 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

Fonﬁulation H

2.9 wt. % benzylirimethylammonium 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. % sulfolane A 30.0 wt. % nethyl carbitol;
6.0 wt. % propylene glycol 2.0 wt. %
‘%, AR R0- 6-met hyl - 1,3, 5-triazine 22.8 W . WCT/US2006/000366
dei oni zed water; Formulation G6.0 wt. %
benzyl tri nmet hyl anunoni um hydroxide 10.0 wt. % .
sul folane A 10.0 wt. % nethyl carbitol; 20.0 wt. %
propyl ene glycol 2.0 w. ;
R, 4- Cir-'L ﬁ@ﬂm&%f@eﬂf{ﬂ% Eﬂg ¥’hotc1res:1)tt Fﬂdiog !B% q‘%’teéia o § ﬁuﬁstrate having said

dei oni zed wat er; and Fornu |on
benzylrﬁaltdnﬂleﬂlﬁydnﬁﬁﬂi@ﬁbﬂdm H‘.\Y@ﬁ (e e sufibteate R aqueous-
pot assi um hydr oxi de 22.0 w. osu ?91 ane % 57 '81%( 5%

met hy [baed reliotad kompodifiorFomdutticln i@y hteléh@t i emoJe sgld%tenal
% urea 0.08% 2-ner capt obenzi m dazol e

dei onifieeghevubsimte, \Qi&re\eoheﬂ@eduamacﬂﬁmearkddfpaﬁ@&/&g%éﬁat least
10. A nmethod of renoving photoresi st and/ or BARC

mat er {3 Shp9tSPic seleeinsiaf laastonie alkaling swcii eh agadoat inetium.

thereon, said nmethod conprising contacting the
substrate W th an aqueous- based renoval conposition

fldr sThd neth@hdf daimB0,twherin he afubouRBiskd RkdoYal &R For @dnﬂmses

mat eri al _ )
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 subsirate comprises' a microelectronic device
structure.
13. The method of clatm 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 fo about 80°C.
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fromthe substrate, wherein the aqueous-based renoval
,&ﬁgposition conprises at |east one chaotropic solute

YT 88st one alkaline salt in an aqueous MPCTHUR2606/000366
11. The method of claim10, wherein the aqueous-based
r Erov dlhecoripdsift diadn 0P WREER AR atl 1Rt bR Elﬁ%o%ﬂ: solute comprises a
conponents, based on the total weight of the
conpoghedtiopic si@Oieseleted from tHGrdip YonMstingld @8i; 2EMAiMALS Ehloride;
1.0 %w_. - 30.0 %w. chaotropic solute; and 1.0 %
wt . - 20. D 9yl dtamingbsaanié paid; Sal3t, andMeitebazdibierid; ot 3l, o6d 4- anisic
t he mei@h% ercgntages of such conponents of the
compodriti &n - d8e ¢-Thdie- chlews dbrarn®. sadwefagbrnzoic acid; PR3-, and 4-
met hod, of ,.cl ai m.10,. wherein the substrate conprises a
mi cr og’feg‘ g é‘%}?’%‘ﬁd@?ﬁﬂa—éﬁﬁﬂw-h&:&mﬁxﬁ@ mdinkicl, bf and 4-
cl ai myl erel N, the terial conprises a |layer
sel ect egw%ﬂ?@ %{1@?22 g g'racl)igg"a@gﬂ’gf”gfzi"r}ga“@fld bﬁ'@’[‘“@ﬂé@f’%ﬁ“ﬂe; 1,3,5-
har den@ginBy mBhas e, £h e AGa.. Phot.or.esi s rdened by
i on inpl ant at i on;’ and %%?e’ %&élﬁrﬁ%&%@%@t‘}g@lﬁgﬁr@?‘% rfi-chiloro-
10, WAgrdintinoSH3, SlaRad; 0t 8mefoSa 4 4 8800t ofQ .8 1]
of fromabout 1 minute to agoﬁﬁﬂ%o ﬁ?ﬁﬁ%egﬂ&@g@m#wgﬁﬁﬁ-
et hodtiagifie; c | 24-diariliflo-1, 3 81i:Rink, SRhding 085G B i-a':naiié@ Lh68-6-
out at tenperature in a range of fron1a€dut 4 -?%h&@s
about (Bdglang)- WeSAG0EE0 7 43 B PG -MSRAGKHRANZER0)- 1155 triazine:
The nethod of claim 10, wherein the at |east one
chaot 13fiazale) gidezdle Rpnirepinddablad-nepippbapRedesls; chaotropic

selected fromthe group consisting of. urea;
guani H19 §FcEEr fem; tg"eg,mupzm?ﬂsgﬂs ofzghigride-salts, rotngle zgisciodide salts,

acid; _.2- -,..and 4-nitrqQbenzoic acid; 2-, 3-, and 4-
anisi%émgégﬁﬁmﬁpymégfdﬁnggﬁgﬁFﬂ@#%ﬁﬁmﬁﬁﬂéﬁémiw@#@nbkmmms
and iggesdenzoic acid; 2-, 3-, and 4-

nmet hyl t hi o- benzoi ¢ aci d;

2,4-di am no-6-nethyl -1, 3,5-triazine; aniline; 2-, 3-,
Tpd 4ﬂfneaﬁylthio- niline, 2-, 3-, and 4-ani sidine;

2. f e df odaf}l -fipwg‘?ﬁﬂl diiveeitiohpsseciatel Witlthe chaotropic anion

comprises (NR'R’R’RY", 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 selt comprises
(NR'R’R*RY)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
Cy~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-
W0 2606di7¢4816 n0- 1, 3, 5-tri azi ne; PCT/US2006/000366
2,4,6-trimethoxy-1, 3,5-triazine;
2, 4, 6 Formumgbhaxy- 1, 3, 5- triazine;
2,4-dianiino-1,3,5-triazine; 2-amno-1,3,5-triazine;
2- am 20-w-% tehansdthyBamnk h@ghgo) - 1, 3, 5-tri azi ne;
2- met hoxy- 4-net hyl - 6- (et hyl ami'no) -1, 3, 5-tri azi ne;
1,2, 420PwaXolre; i ni dazol e; 2-nmercapt oi ni dazol e;
2- mer capt obenzi m dazol e; chaotropic anions sel ected
from ?hgwbr/tﬁ?p?n@mtml ng of chloride salts, bromde
salts, iodide salts, nitrate salts, thi ocyani de
salts, chlorate salts and benzoate salts; and
conbi Ral ﬁ@-@at hereof. 17. The nethod of cl ai m 16,
wher eTT tion associ at ed with the chaotropic
ani ong g Ia§re§1 NR % vvherel n R, R, R3 and R
may be thé sane 3 FES from one anot her and
each ig I ed fromthe group
consi stﬁgﬁjﬁf&%ﬁgﬁé’ﬁ arid' Eim%ﬁ al kyl groups. 18.
The ratchatks@feac! ai m 10, wherein the at |east one
al kaline salt conprises (NR RZRBR)OH, wherein R, R2,
R3 artf.SRtriadeibitzel haesane as or different from one
another and each is i ndependently sel ected fromthe
group consisting of hydrogen and C1-C6 al kyl groups.
19. The nmethod of claim 10, wherein the aqueous-based
rem@aﬁ%@@@si tionis selected fromthe group
consi ﬁ? of Fornmul ati ons A-E, wherein all
per c 8Nt HyaramehyiynmesivgHydroxijased on the total wei ght

of th ol Lon; 22 WO 2006/ 074316

T D0k OB S POk Sariemen 2.5 wt . %

tetrqt Ryl agnoni um hydroxi de;  20.0 wt. %urea; 77.5
% dei olr41| zed WAt ear")‘{'1 Formul ation B

96.0 wt. % deionized water;

Formulation D

2.0 wt. % tetramethylammonium hydroxide;
2.4 wt. % tetramethylammonivm nifrate;

95.6 wt. % deionized water;

and

Formulation B

5.0 wt. % tetramethylammonium hydroxide;
9.0 wt. % tetramethylammonium nitrate;

10.0 wt. % butyl carbitol;



1.5 w. %tetranethyl ammoni um hydroxide; 1.6 wt.
%, 4-di am no-6-nethyl -1, 3,5-triazine; 20.0 wt. %
WOorem 074869 WM. % dei oni zed water; Formul at i opcBuR2d96/000366
W . @6tetranethy|annoniun1hydroxide 1.Ow. %
2, 4- d| Q nethyl-1,3,5-triazine; 1.0 w. %
4- am noMz’/o"’iulfglamV&y 96.0 wt. % dei oni zed wat er;
Fornuggghpgﬁgﬁgmglw& % t et ramet hyl anmmoni um
hydroxi de; 2.4 wt. gﬁtetranethylannoniun1nitrate
95.6 wt. % deionized water; and Fornulation E 5.0 wt.

%.t et | amonj u droxide;, 9.0 wt. %

o R B RS S2e i e St o v

carblg /074316 PCT/ US2006/ 000366 10.0
Ry e ool e PP or . 20, The

nethod of claim 10, further conprising rinsing the

substrate with deionized water followi ng contact with

t he aqueous-based renoval conposition. 24
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