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[0003] In the manufacture of semiconductors and semiconductor microcircuits, it is
frequently necessary to coat substrate materials with a polymeric organic substance.
Examples of some substrate materiais includes aluminum, titanium, copper, silicon

15 dioxide coated silicon wafer, optionally having metallic elements of aluminum, titanium,
or copper, and the like. Typically, the polymeric organic substance is a photoresist

material. This is a material which will form an etch mask upon development after
exposure to light.

[0004] in subsequent processing steps, at least a portion of the photoresist is removed
20 from the surface of the substrate. One common method of removing photoresist from a
substrate is by wet chemical means. The wet chemical compositions formulated to
remove the photoresist from the substrate should do so without damaging the substrate
(e.g., corroding, dissolving, and/or dulling the surface of any metallic circuitry of the
substrate; chemically altering the inorganic substrate; and/or attacking the substrate).

25 [0005] Another method of removing photoresist is by a dry ash method where the

photoresist is removed by plasma ashing using either oxygen or forming gas such as
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solvents. Organic solvents can be unsuitable for use with certain low-k dielectrics if they

20  react with the organic and hydrogen substituents to produce a chemically altered
dielectric material.

[0008] U.S. Pat. No. 6,197,733 discloses a cleaning composition comprising water, an
ammonium fluoride compound, and an amphoteric surfactant of which the cationic group
is an ammonium salt and of which the anionic group is a carboxylate. The patent is

25  silent regarding the pH of the composition.

[0010] The pH of cleaning compositions is an important factor in their effectiveness in
removing residues, etc. and in their compatability with substrates being cleaned. In the
presence of highly acidic or alkaline agqueous formulations, the Si-O and Si-H bonds of
low-k dielectrics can be converted to OH groups, thereby increasing the dielectric of the

30  low-k dielectric. Moreover, highly acidic cleaning compositions containing hydrofluoric
acid are not particularly suitable for use with aluminum, aluminum alloys containing
copper, copper or carbon-doped oxide. It has therefore been proposed to use buffering
agents in cleaning compositions to maintain the pH within a desired range.
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[0011] For exanple, U S. Pat. App. Pub. No. 2004/0266637 (Rovito et al.)
di scl oses aqueous, buffered, fluoride containing conpositions having a pH
of greater than 7.0 to about 11.0. Buffered conpositions are said to have
an extended worklife because pH dependent attributes such as oxi de and
metal etch rates are stable so long as the pH 5 remains stable. [0012]
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post-etching/ashing residue, that exhibit high selectivity for the residue as compared to
metals, high dielectric constant materials (referred to herein as “high-k” dielectrics),

20  silicon, silicide and/or interlevel dielectric materials including low dielectric constant
materials (referred to herein as “low-k” dielectrics), such as deposited oxides that might
also be exposed to the cleaning composition. Itis also desired to provide a composition
that is compatible with and can be used with such sensitive low-k films as HSQ, MSQ,
FOXx, black diamond and TEOS (tetraethyisilicate).

25 [0014] All references cited herein are incorporated herein by reference in their
entireties.

BRIEF SUMMARY OF THE INVENTION

[0015] Accordingly, there is provided in a first aspect of the invention, a composition for

30  removing residue from a substrate, said composition comprising: (a) water; (b) at least
one fluoride; and (c) a pH buffer system comprising: (i) at least one organic acid
selected from the group consisting of an aminoalkylsulfonic acid and an
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am noal kyl carboxylic acid; and (ii) at |east one base selected fromthe
group consisting of an am ne and a quaternary al kyl anmoni um hydr oxi de,
provi ded that the conposition is substantially free of an added organic
solvent and has a pH ranging fromabout 5 to about 12. 5 [0016] In a
second aspect of the invention, there is provided a nethod of renoving
residue froma substrate conprising contacting the residue with the
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[0018] A composition and method comprising same for selectively removing residues
from a substrate are disclosed herein. The composition disclosed herein is capable of
selectively removing a residue, such as processing residue, from a substrate without

20  attacking (to any undesired extent) structural materials of the substrate that might also
be exposed to the composition.

[0019] As used herein, the term “residue” denotes an undesirable material present on
the substrate. Residues that can be removed by the invention include but are not limited
to: organic compounds, such as exposed and ashed photoresist material: ashed

25  photoresist residue; UV- or X-ray-hardened photoresist; C-F-containing polymers; low
and high molecular weight polymers and other organic etch residues: inorganic
compounds such as metal oxides; ceramic particles from chemical mechanicat
planarization (CMP) siurries and other inorganic etch residues: metal containing
compounds such as organometallic residues and metal organic compounds:; ionic and

30  neutral, light and heavy inorganic (metal) species; moisture: and insoluble materials,
including particles generated by processing such as planarization and etching



processes. In one particul ar enbodi nent, residues renoved are processing
resi dues such as those created by reactive ion etching and ashi ng. [0020]
The invention is suitable for renoving residues froma variety of
substrates. Suitable substrates include but are not Iimted to: netals,
silicon, silicate and/or 5 interlevel dielectric material such as deposited
silicon oxides and derivatized silicon oxides such as HSQ MsSQ FOx, TEGS
and Spin-On d ass, and/or gh k materials such as hafniumsilicate,
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and/or processing residue. In one particular embodiment, the composition is comprised

of a buffer solution in an amount necessary to obtain a composition with a pH ranging

from 5 to 12; 65% by weight or greater of water; 0.1% by weight to 5% by weight of a

25  fluoride; and up to 15% by weight of the optional corrosion inhibitor.

[0023] As mentioned previously, the composition described hersin includes a buffer
solution. The term “buffer solution” as used herein, is a solution that resists changes in
PH as a result of small additions of acids or bases to the composition. The buffer
solutions, when included in the compositions disclosed herein, provide a buffered

30  composition with a pH adjusted to minimize corrosion of sensitive metals such as, for
example, tungsten, copper, titanium, etc. The buffer solution is added in an amount that
is necessary to obtain the desired pH range for the composition. The addition of the



-5 buffer solutions to the conpositions disclosed herein prevents pH sw ngs
due to dilution wth water or contam nation by bases or acids. [0024] The
Normal ratio (i.e., equivalents/nole ratio) of the at |east one organic
acid to the at |east one base is from10:1 to 1:10, or 3:1 to 1:3, or
substantially 1:1. The ratio of 5 the buffer solution is adjusted as
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R-S-0OH

O

20 where R is an aminoalkyl group, including but not limited to primary, secondary and
tertiary aminoalkyl group, wherein suitable alkyl groups of the aminoalkyl group R include
but are not limited to straight-chain alkyls, branched-chain alkyls, cyclic alkyls,
heterocyclic alkyls, saturated alkyls, unsaturated alkyls, alkanes, alkyenes, alcohols,
ethers, aldehydes, ketones, carboxylic acids, esters, amides, etc.

25 [0026] Non-limiting examples of suitable aminoalkylsulfonic acids are listed in Table 1
below.
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meth lamino -2-h dro ro anesulfonic acid 7.6 HEPPSO N- 2-h drox eth |

I erazine-N -ethanesul fonic acid)

7.5

amno -2-h drox ro anesulfonic acid 7.6
hol i no butanesulfonic acid 7.6 TAPSO 3- N-tris h drox eth |

erazine-N 2-h drox ro anesul Tabfte t. aMirmballes‘&lfoﬂaaSﬂsPi erazi ne- JI?L, N ;bi s 2-h
drox ro a q EPPS—N—2-h—rox—eth—+—+—erazi-he-N -— 10
anesul f oni %ng@f"g‘;éﬂ Fﬁﬁﬁﬁé“"ﬁ 2-h drox eth i razine-N - 4 but ane;gf D Aac
aci d) 8.3 "MEAS N TR ForbfbinGEHantlifbncacm™ 0 To—anestt . u... e—aea8-4—
TABS N-tr i acesdr oX [elhcBRmitiol-2 rmiHobH SRl el o acid ° A Y- "
1-di met h {2FESIr OX | @ldbhideradfddRtimieduiioNiCadd anesut fomcacid—9 CHES 5 1c
| ohex | am mMORSChan e SUNIrgbRoliAs) | 2ZChyBroRyprépiRetditanic Gcid OITEX & Mo = 2~ h—dr g .
ro anesul { 885c_aci ¢ NON-bis(2htRxyethy)-ZLariheethdndBiidRic adia 0 anesut fomoAart
10. 4 CABBEMOPSC | ohexN!neoiphidiinc)dropatleaiemibEi@ni C aci d 10, 7~ (0027} 7.0
Am noal kyl 8&88boxy| i &i-tasthytisogetaynesphive 3-@niiroathByestfdniBdcal 11 (11) 5 J A4
R-C- OH EBER | s | A2 émimpe@thylbipaaainedy'-(ethahdsdifon@ daldf not T1mted (|5
primary, EBES&Hary N-bigi2-hedroxyathyl) aamima}@ayipkypispan@siforddadic€l N sul t|ahg €
al kyl gropM&B8 of HéNmrmmdtha sultopic eeid| ude but _are not Timted |t |
strai ght - ERARSD al k{/BN-t mingl-8-hydroxybiopamdskiidnts, acidnet e doy/c| i ¢
al kyl's, s 28@d pN o -N oxyatopanesslfonizlskidpnes, al|Gaho] s,
ethers, s st Ripgragine-h ulopiapexy| i ¢ aci ds, estds,|
ami des. e  0o28N-(R4 rpxyﬁthvl)nlmrgmrwﬂ(&ﬁroaaneswfqnmmld) am noal ky] caBboxylic
ids are HEPRS "~ li%ﬁﬂwvgm%mm-hl -(4-butanesulfonic acid) 8.3
acl “LTAPS =~ "['N-tris(hydroxymethyl)methyi-3-aminopropanesulfonic acid 8.4
TABS N-tris(hydroxymethyl)methyl-4-aminobutanesulfonic acid 8.8
AMPSO 3-[(1,1-dimethyl-2-hydroxyethyl)amino]-2-hydroxyoropanesulfonic acid 9
CHES 2-(N-cyclohexylamino)ethanesulfonic acid 9.3
CAPSO 3-(cyclohexylamino)-2-hydroxy-1-propanesulfonic acid 9.6
CAPS 3-(cyclohexylamino)-1-propanesulfonic acid 10.4
CABS 4-(cyclohexylamino)-1-butanesulfonic acid 10.7
[0027] Aminoalkylcarboxylic acids are represented by Formula Il
(n
5
0]
I
R-C-0OH
where R is an aminoalkyl group, including but not limited to primary, secondary and
10 tertiary aminoalky! groups, wherein suitable alkyl groups R of the aminoalkyl group
include but are not limited to straight-chain alkyls, branched-chain alkyls, cyclic alkyls,
heterocyclic alkyls, saturated alkyls, unsaturated alkyls, alkanes, alkyenes, alcohols,
ethers, sulfides, thiols, aldehydes, ketones, carboxylic acids, esters, amides, etc.
[0028] Non-limiting examples of suitable aminoalkylcarboxylic acids are listed in
156  Table 2 below.



- | e 2. Anmi noal kyl carboxylic acids Nane pKl pK2 pK3 dycine 2.35 9.78
a-7AIT:Ei (ra]e 3.55 10. 24y L- Seri %e 2.19 9.21 L-Cysteine 1.5 8.7 L-Asparagine
2.1 8.8 L-Alanine 2.34 9.87 L-GQutamne 2.17 9.13 L-Isoleucine 2.32 9.76
L-Leucine 2.33 9.74 L-Methionine 2.13 9.27 L-Phenylalanine 2.2 9.31
L-Proline 1.95 10.64 L-Threonine 2.09 9.1 L-Tryptophan 2.46 9.41
L-Tyrosine 2.2 9.11 10.1 L-Valine 2.29 9.74 L-Aspartic acid 1.99 3.9 9.9
L-Gutamc acid 2.13 4.31 9.67 L-Arginine 1.82 8.99 12.5 L Histidine 1.8
6.04 9.33 L-Lysine 2.16 9. dl@lble:).?SAn'[mQ]carbnxglﬁmcMm embodi nents, the

Leo ho nr-asent—in the

Mot buf-fer—sotrutt+on—rn ar-56——H pr-esent
g(r)?rgglslct ?glnda\ém E Ee h(‘:%rﬁrom on i nhiRitor g}' r chelPaeilng ageﬁ’ff 5 [0030]
Preferred bases fqrGlysirein the bufffer of2 35he COH‘[)@?BIIOL’] IEEI gﬁj 33161{1@5 and
P Ul L B A v v

guaternary oL, aTBREPGIYI O e o eregagy o fhe doruoate
tertiary aliphati SR ol cyglic affitfels. arct@lic amines Jand .
het erocyclic am ned: C!éﬁiﬁ'é@us anmoni a, ahd | ower @Kyl quaternary amoni um
hydr oxi des. Speci f|iLeAspaaagihes of t_he 19 By roxyll ag.@gs 1T ncruds
hydr oxyl am ne ( NHYQEA|aniNeMET YT NYWUTOXYT 3rggne, N1y g7

L-Glutamine 217 9.13

L-Isoleucine 2.32 9.76

L-Leucine 2.33 9.74

L-Methionine 2.13 9.27

L-Phenylalanine 2.2 9.31

L-Proline 1.95 10.64

L-Threonine 2.09 9.1

L-Tryptophan 246 8.41

L-Tyrosine 2.2 9.1 10.1

L-Valine 2.29 9.74

L-Aspartic acid 1.99 3.9 9.9

L-Glutamic acid 213 4.31 9.67

L-Arginine 1.82 8.99 12,5

L-Histidine 1.8 6.04 9.33

L-Lysine 2.16 9.06 10.54

[0029] In certain embodiments, the organic acid within the buffer solution may also be
present in the composition as the corrosion inhibitor and/or chelating agent.

5 [0030] Preferred bases for use in the buffer of the composition include amines and
quaternary alkylammonium hydroxides. Further examples of the conjugate bases
include hydroxylamines, organic amines such as primary, secondary or tertiary aliphatic
amines, alicyclic amines, aromatic amines and heterocyclic amines, aqueous ammonia,
and lower alky! quaternary ammonium hydroxides. Specific exampies of the

10 hydroxylamines include hydroxylamine (NH,OH), N-methylhydroxylamine, N,N-
dimethylhydroxylamine and N,N-diethylhydroxylamine. Specific examples of the primary
aliphatic amines include monoethanolamine, ethylenediamine and 2-(2-
aminoethylamino)ethanol. Specific examples of the secondary aliphatic amines include
diethanolamine, N-methylaminoethanal, dipropylamine and 2-ethylaminoethanol.

15 Specific examples of the tertiary aliphatic amines include dimethylaminoethanol and
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di met hyl hydr oxyl am ne and N, N-di et hyl hydr oxyl am ne. Specific exanpl es of
the primary aliphatic am nes include nonoet hanol am ne, ethyl enedi am ne and
2- (2- am noet hyl am no) ethanol. Specific exanples of the secondary

al i phatic am nes include diethanol am ne, N-nethyl am noethanol,

di propyl am ne and 2-ethyl am noet hanol . 15 Specific exanples of the tertiary
al i phatic am nes include di net hyl am noet hanol and -8 ethyl di et hanol am ne.
Speci fic exanpl es of the alicyclic am nes include cycl ohexyl am ne and

di cycl ohex§thysiethanclepies.f Specif oéf théelieyctnanines avdluiscyciRfbidiémine

benzyl am iclicRea ' . | benzyl am.ne. .Speci fic exanpl es of

t he heter(r)]ég')‘/jcclﬂiwc am§%'é@mepﬁsﬁggl\é_ﬁ(§ﬁ &J&\éeo??rbﬁlgrpmait'aiaﬁ@éjsdQ?!P% Perzyamine,

pYr i d: ne, dRANENMEMInEandirmethyibenzyilareinediSpecifitletamhples @Eﬂﬁtﬂé!’érgéﬁﬁé Eﬁ'\iirgé%’
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and R45ar diydesiiethigipeodidenitagoleraral thinkolgr @xBmpRNNEHIEMERA} Kmollap, and
erein refers to straight or

conbi nat i T, erm"al kyl " as used
br anched Q@Eg)l&rrzlﬁt%ﬁg{yb%? {Pﬁ ﬁ% 8‘&'“%‘3?%%@"5’8&*‘6?%&}5‘ B RRARACHWesBINR o 11E,
or from 1 F0R8 apdrfheme 28ctaindependant!f am ekl §roug, ROy afkly Pioup, I bl esl of g
sui tabl e | pclude net hyl,, ethyl, propyl, iSopropyl, butyl, an
tertbutyl %@?Ien aﬁé@#@%&%c’g‘nﬂ#? g‘?}@r a%t?ﬁ'”*@%%’?ﬁ 'tegeréF‘kW aighfrspanched1 to 4
car bon at ehain unkebstiastea hygrdearbom gl on 16126 dafbeh g, o | f BLameANt  or
ranc R’%Sb t 0X roups cont ai ni ng hydrocarbon groups o
from i@t olﬁl '?‘étré}énpgt%%%r?o%glw?son#’%’?@e%oé%’l‘tﬂgg aliybgroups includgrmethylo 4
car bon at et pEpyiisapsorys butyl,sanidttehbistyih TheQxpredbion “IoWeP HRGI” r&tslsUdSIkyi
hydr oxyl eb;&, S%pqi&pxgr xypropyl Exarrp%e of ?,,w t abl e quat ernary anmoni um
hydr oxi de cohpoun S iﬁ%oﬁﬁorﬁét TagdsRy )ﬁaﬁ%ﬁﬂ‘%rﬁs Y5pdrhexeia sefersnmisgiraight
t et r aet hyprbrbehiashursptistiued dhydtoayr grouis/caHaTRRG WK SHbBN igisups (of BOR) 110
t et rapr opyh Hla%y%gmf%’ trinet P%‘Iéset h}zlj anmoni um hydr oxi de, (2- _
hydr oxyet i %trl et hyl H? RYFGPB ifas. of JoRy iosk Garbey riams. dExampiesoni um
s eato s oo ot
-hydro moni um roxi de,, e ri‘met hyl amroni um
hydr oxi déy‘mﬁgﬁci“ﬁﬁ'ﬁg&eﬁw@%mﬁmﬁmtﬁesm ogdatramethylammguriyroni um
Ra/dr o>r<]i Fleh)!_dmm:lﬂg(TMAH)s mtwwdmmqummm}tarabgﬁmﬁbﬁﬂm ﬁyqr&gd? _ .
net ny t n re preferable fromavallability an
saf ety staqﬁg\g@'l t%ﬁ%&’%%%@&“ Hﬁ‘gf%' 33[5'8}?? tRylgmmoniym Rydraxide,(2c onbi nat i on
wi th one hydsurethyl)frioesylarimenionf hyiroxide, R MyidRFethyifthethiiannidiurhH T anges
f'r omagbotyarxidd, E2Rrosdyetylir fgfaqu%mmonium hydroxide,
(1-hydroxypropyl)trimethylammonium hydroxide, ethyltrimethylammonium hydroxide,
diethyldimethylammonium hydroxide and benzyltrimethylammonium hydroxide. Among
these bases, aqueous ammonia, monoethanolamine, N-methylaminoethanol, TMAH and
TBAH are preferable from availability and safety standpoints. The bases may be used
25  either alone or in combination with one another.

[0031] The buffer is provided such that the pH ranges from about 5 to about 12, or from
about 6 to about 11.

[0032] Fiuoride is present in the compositions described herein. Fluoride-containing
compounds include those of the general formula R,R.RsR,NF where Ry, Rz, Rs, and R,
30  are independently hydrogen, an alcohol group, an alkoxy group, an alkyl group or
mixtures thereof. Examples of such compounds include ammonium flucride, tetramethyl
ammonium fluoride (TMAF), tetrasthyl ammonium fluoride, tetrabutyl ammonium fluoride,
choline fluoride, and mixtures thereof. Still further examples of fluorides include
fluoroboric acid, hydrofluoric acid, and choline fluoride. The fluoride is preferably present
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6 to about 11. [0032] Fluoride is present in the conpositions
ggggﬁi bed herein. Fl uE)ri de-contai ning conpounds include those of the I
general formula RIRZR3RANF where R, R2, R3, and R4 30 are independently
hydrogen, an al cohol group, an al koxy group, an alkyl group or mxture;sh I
thereof. Exanples of such conpounds include anmonium fluoride, tetramethy
ammoni um fl uoride (TMAF), tetraethyl ammonium fluoride, tetrabutyl ammoni um
m xtures thereof. Still further exanples
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or about é'g OW Wéieg!jh&@'@ddvaé% gpubly distilins waten Osdelbylzaémglnr hawingraslatver . | n
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g: eggn? 35;8@%95’2% raéOHb?‘rs%ei‘é(d”th%@aﬁﬂt?f ebAbauit 24506 bwwewhbult grbBeérbin wei ght ,
or abiGut c&-.r&lrt emboditientd) Wakst cHRLEHHes 85-9b. £ Q% 50 tﬂé'cblﬂpb%gérﬁ(r%gé‘%gg{ﬁ:ﬂ as

itors known in the art for simlar a : .
;:ﬁ(r);gsh:) 6542"??10"2%05]"@ Pat No. 5,417,877 which are incorporated herein
by refer sui tabl e corrosion inhibitor may be, for

e[BﬁEAH nﬁ# %orggqqgm@rpfgp tslisclp an glso pplomal centainiyztol e, a
| Riepen SEIER €2 p Y
ﬁ§g?gxgl aahoue:g% mﬂmﬁlgﬁtﬂbi aﬁdi.@ 0&0b- abBl BT B ng%ﬁ%’f cﬁH‘B&Bn i 61% %\y

d,
|nh|b|tor ncl u , anthranilic aci aci
acid, is O%ﬁrjtoﬁlgp I(ﬂ'\ Q&rﬁ [(nown in the art for similar applications, such as those dlsclosed in

20 U.S. Pat. No. 5,417,877 which are incorporated herein by reference, may be used. A
suitable corrosion inhibitor may be, for example, an organic acid, an organic acid salt, a
phenol, a triazole, a hydroxylamine or acid salt thereof. Examples of particular corrosion
inhibitors include citric acid, anthranilic acid, gallic acid, benzoic acid, isophthalic acid,
maleic acid, fumaric acid, D,L-malic acid, malonic acid, phthalic acid, maleic anhydride,

25  phthalic anhydride, benzotriazole (BZT), resorcinol, carboxybenzotriazole, diethyl
hydroxylamine and the lactic acid and citric acid salts thereof, and the like. Further
examples of corrosion inhibitors that may be used include catechol, pyrogallol, and
esters of gallic acid. Particular hydroxylamines that can be used include
diethylhydroxylamine and the lactic acid and citric acid salts thereof. Yet other examples

30  of suitable corrosion inhibitors include fructose, ammonium thiosulfate, glycine, lactic
acid, tetramethylguanidine, iminodiacetic acid, and dimethylacetoacetamide. In certain

embodiments, the corrosion inhibitor may include a weak acid having a pH ranging from
about 4 to about 7. Examples of weak acids include trinydroxybenzene,
dihydroxybenzene, and/or salicylhydroxamic acid. In embodiments wherein the
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mal eic acid, fumaric acid, D L-malic acid, nmalonic acid, phthalic acid,
mal ei ¢ anhydri de, 25 phthalic anhydride, benzotriazole (BZT), resorcinol,
car boxybenzotriazol e, diethyl hydroxylamne and the lactic acid and citric
acid salts thereof, and the like. Further exanples of corrosion inhibitors
that may be used include catechol, pyrogallol, and esters of gallic acid.
Particul ar hydroxyl am nes that can be used include diethyl hydroxyl am ne and
the lactic_acid anﬁ citric acid salts thereof. Yet other exanples 30 of

sui tabl e cSFFEIYANPRR R0 Sraanicraididee praapicasisl mayrbe thaisarmaiae shitiisée in
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Mer cap o- gviRUfes th&bfi Ni ng conpounds i ncl ude 3-nercapto-1, 2- propanedi ol
(which is also referred to as thioglycerol),

3-(2-ani nmdysﬂlyfl'ﬂ'@'c@h‘rp%emﬁﬁ'ﬁ%yy A 168066 0ne 3¢ &%r&gﬂég ﬁl ﬂﬁ%}ﬁﬂyﬁaﬂ, c acid,

hydr oxypr 0{') | mer capt an topropi oni ¢ aci
and 10 ni R¥fActant ?H‘é‘le@é'f’g ap@mssqhemeammqﬁm tdyea. bmc;rdw and ofier udgitivie or

f ot h |
modi f1ers. g gﬂd’"‘%’é’?f‘%‘%'a"gﬁﬁﬁ’o‘“ g el iHeg oo pbartely BEHES nfiny bo
added t o FW@ é’i% O"?FPRﬂ“UPh@melwe'epelsymaﬂ\feemmwee IrIiﬂHJder@dwﬁellﬂé the
CONMPOS t | @BohdhBRd Gémbﬁth@f'edf% ﬁﬁ&l;% gﬂ[bls (ﬁﬂt?cq\bct%i{ :%%cﬁ N ﬁf gﬁtety enic

15 al cohol s aﬁd derivatives thereo
al koxy! at ¥gu'sitghlgacstyignic @ﬁlﬁl!fﬁaptaatﬁ) @nadengatwas thedeai] almdamamﬁary and

d d_di d

(i nel ud X""ﬁ}';? S l-amhiss0ldbs (RUBURE MBIk SBVERR SR Bs @ T6Raarmide "
acet am deﬁ% Meihy! aeatamisledralii sikanelamines (ammmandﬂgmmmé). and .
chel at i nghagaing géh'l%@ué‘ﬁ alBeba: ﬁk%tﬁﬁ@é‘%ﬁt RS t%r@gf@lpécgﬁr on ét aci ds,

malléamd 20 and tartaric aci ased es ers an i ves
t her 8 andjastanq acid paggﬁ ¢rders and diesters and derivatives thereof, and tertiary amines,

diamines and triamines. In certain embodiments, the carboxylic acid that may be added

to the composition in the buffer solution may also act as a chelating agent within the
composition.

[0036] Materials removed with the compositions described herein include ashed

25  photoresists and processing residues known in the art by such names as sidewall
polymers, veils, fences etch residue, ash residue and the like. In certain preferred
embodiments, the photoresist is exposed, developed, etched and ashed prior to contact
with the composition described herein. The compositions disclosed herein are
compatible with low-k films such as HSQ (FOx), MSQ, SiLK, etc. The formulations are

30 also effective in stripping ashed photoresists including positive and negative photoresists
and plasma etch residues such as organic residues, organometallic residues, inorganic
residues, metallic oxides, or photoresist complexes at low temperatures with very low
corrosion of tungsten, copper, titanium containing substrates. Moreover, the
compositions are also compatible with a variety of high dielectric constant materials.
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‘dianines and trianines. In certain enmbodi ments, the carboxylic acid that

may be added to the conposition in the buffer solution may al so act as a

chel ating agent within the conposition. [0036] Materials renoved with the

conposi tions described herein include ashed 25 photoresists and processing
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The pat t el A9 FRATBRS P Metakpeganiaspalyrosr, iobgaeid sk, bRidp) i, &R chMple ch

the patt @F Bombinhfigh & : I . Etch residues are generated
in the etch gta!g?e._l, 5 '?ﬁéegf%gﬁegtr%\%%f@ﬁgi'{eﬁ gjﬁ‘g ‘fv'fh ﬁ‘?ﬁ%@ﬁﬁ@f?ﬁ"%@ﬂ tid'ef or m
a resiYue 2HALFPNHIONS B9+ tatnaratuze, dimes leted, deplad onitte h&ailarRsth OhiBthdzseaned

are et chaef theaRaeHE%0 bb?gi%ékedmﬁ gdégént&?qhéjgﬁbgétr%?eeﬁggﬁ{a%tﬁ%ﬁmﬁ@%gdﬁ@g;‘?t ed

by contacting a substra avi ng an drga

i nor gani ¢V cordaintng, they pempesiticen ater teopepatare ranging rohi 620 t18B0PO 619 RIm

present agew fd BAYCObr &5 JHYE anil t ; i bed ¢ osition., The 10 actual
e i R T S

condi ti ons, e.cg. , tenperature, tine,
t hi ckness'™ 1P CPRPORHPR May|rangs tem; fonexardple) 011 4e 6@ nhutes e 19 B0timnliRsi S

cont arg edoof tgH bt I 1 the conpositign at a
t enper at u?e tra‘n ?ﬁgﬁ.ﬁ‘pﬁ%ggﬁ??@%%&%ﬁoﬂ#;{bg&gnZQB&SP@,[DJ gmaybeinsed 208 and
40C. Typi &P df‘P%EDﬂé'FQ isd¥pically caxjsskaut andér arhieest absdgphiess. ek COMposi tion

may rangeerﬁb@dmnef\@ia%ﬁiﬁ@e@wa%rt]rfﬂﬁ of Pndd ng%giﬁingorﬁeiqlfﬁ%%svg’pggﬁ utes, 15 or 1

to 15 mnutes. After contact w t he conposi gt by be
rinsed arfFIYVEEMayheempioyed hefores dusing, eaklioy atter cantatting thainstastrafh Wit @it
at mosphersampdgitiof'dedtribedidr@fi ment s, a deioni zed water rinse or rinse
cont ai ni ng dei oni zed water wth other

20 [0039] The invention will be illustrated in more detail with reference to the following

Examples, but it should be understood that the present invention is not deemed to be
limited thereto.

[0040] Exemplary compositions used in the Examples were prepared by combining
deionized water, a fluoride, an organic acid and a base and mixing the components

25  together in a vessel at room temperature until all solids have dissolved. The resulting
compositions are shown in Table 3 below.
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addi tives may be enpl oyed before, during, and/or after contacting the
substrate with the conposition described herein. 20 [0039] The invention
will be illustrated in nore detail with reference to the follow ng
Exanpl es, but it should be understood that the present invention is not
deened to be |imted thereto. [0040] Exenplary conpositions used in the
Exanpl es were prepared by conbining deionized water, a fluoride, an
organic acid and a base and m xing the conponents 25 together in a vessel
at roomtenperature until al [Tablel3.dExdraplarydiaapdsiteths The resul ting
conpositians are shown in Table 3 below. -12 Table 3. Exenplary
Conposi t i pRSNTop Watat er Flumridede |Or@yganic Add d | BaseB4gel T 0ST QoroBidn ThiviBior
No. wt. % wt No wt|. Givite) 9 wt W%l 96. 775wiMAFE (0]4) WSy, MAH Quegd 2
97.375 TVAE (0. 4) 9¢FPEY TMAR (OMAH OMED(2.3)96 QMAHI}@%{U :
TMAH 0.625 2 91. 97.3X\H TMAFERESD 6. @PW.@)ZDTMAH?OEE‘Q VAF (0 4)CHES
(2.15) TMAH 0. 63506.478Y5. SMAFME4Y 0. BIPSORS.H - PIMANBI635)2D 7 967 29 THAR
I

0.4 G cipe £2.06)9{I0AH TMAF 0. 5P 8;5p||:9§\r6g)54 G TR FviaH—1—25—Thto |
cerol (1.D) 59 969:2825 NArMVAFZ (Al THES 151"3|VH IMQ@H&%? G.E A4
-Al ani ne (1.4) [VBKE 3% 4OTMAFO (0.4 ¥T BIAPs a3 ) 1 OPMAR (1 1257 t-he CGLrst: t+-ons
vv(t)are testpd yor [PHs 280 ISYRHAF (6.5 'GR(C I: %BYT”'JMAHLEI:%)’ A€ rrﬁue HSi-ng
5% aqueous Sl UTTgHgsat REEH4) F uﬁf&)n .:'ﬁ" i )ié,j 5]:25)4:; 5 _shownin

,_
9

abl e biet OgV agbgzq AE-II Ei ,A | ﬁ&ag) .I H—<d £
Cu TER LHB- |“Iﬂ“5‘ EB‘ ” E'-’ 4 \ e‘ 4 1 AHf” 25) 2 7 Q1 n <1
nt nt ( z ] ]E ! IIEU "“e (I : ) ] IVI‘ ll l (1 25) I 'liOglyce1r0il (1'6) )

[0041] Ali of the compositions were tested for pH and etch rate. The pH determina-
tions were made using 5% aqueous solutions at ambient temperature. The results are
5 shown in Table 4 below.

Table 4. pH and Etch Rate Data

Etch Rate (A/min)
Composition oH Cu TEOS JSR LEB-043
No. 25°C 40°C 25°C 40°C 25°C 40°C
1 6.44 <1 <1 nt <1 nt nt |
2 7.83 1 1 nt <1 nt nt
3 7.93 2 3 nt <1 nt ~ nt
4 7.88 2 3 nt <1 nt nt
5 9.68 <1 1 nt <1 nt nt
6 10.76 1 nt <1 nt <1 <1
7 9.35 50 nt <1 nt nt nt
8 8.73 1 1 nt <1 nt nt
9 10.13 83 nt <1 nt nt nt
10 10.01 1 1 nt <1 nt nt

nt: not tested

[0042] Etch rates were obtained on blanket silicon wafers containing copper, doped
undensified tetraethylorthosilicate (TEOS) and JSR LEB-043, which is a porous
10 methyisilsequioxane (MSQ) film provided by JSR, Inc. Measurements were conducted
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: nt <ilnt nt 47.88 23 nt <1 nt nt 59.68<11n <1 nt nt 6
fé,?g i ﬁt <l nt <1 <1 79.3550nt <Int nt nt 89.7311nt <1l ntnt 9
10.13 83 nt <1 nt nt nt 10 10.01 1 1 nt <1 nt nt nt: not tested [0042]
Etch rates were obtained on blanket silicon wafers containing copper, doped
undensified tetraethylorthosilicate (TEGCS) and JSR LEB-043, which is a
porous 10 net hyl sil sequi oxane (M5Q film provided by JSR Inc. Measurenents
wer e condu I;Se 10, 20, 40, and 60 m nutes of exposure at

t enper at u ?dw? &%gpsa%’f BOEBUARRI! AEOSUreE Gt tqmmeturmamwasmM5°mm¢40°cf )
det er ni ned’h&ﬂcn@@@ﬁebsmmleﬂfs%é/r@'de?é?ﬁ'mwdaé%*é%gh it MheRal adPAZbSALARES | ope

del on the results for each exenplary conposition.
g? 1(:a he "I Té'&’g‘? tsgyargsdd’ mpdel opdhe reswits neach exeoplaty cmmpcslttohe Thesaldutnéd et ch

rate 5 pr @lopd%ﬁtHé““I@d%%(ﬁGé?gﬁthe?of(é%/cﬁg:B \Ngfolsrﬂorqg‘»ttﬁé '}ngx:ltgﬁkez ﬁPair the

tch rate or oxide etch rat ers er of a
Egg\pl)mer? ﬁl Piayisted ig apastrarasmimse (A/min). [llmdﬂ@rmlﬁmg gither the oe:pphr atah eatetohe

sMap .273
Four poi ne " o oy (i Raltes faa ABferRE 15008 1 E ket Aifick s deppalbE R af < )
were | m[mé ' FOF h‘ﬂ @X@féﬁ'ré‘t@ﬁth%%‘i‘iﬁéﬁhﬁ:krﬂ{%ﬁ of met'ﬁéfg ‘H¥$ gggeFrh%ga uﬁ{nﬁﬁla% S

the test sol ren .

V\A\AaI ﬁr Zey\ﬁhﬁéaeﬁﬁg@é/%% ﬁﬁﬂfolﬁn;m‘rﬁf@be-l Wtelr dedeminidg rlhmlnttnab@mkne@;l tost h{(at‘é;ﬁ e?‘]st ﬁfe

h f ro S re eated o
Cost o or T oo ErnoRReblary ARSIl A%, VORI I e AR Wi
t hi ck ‘“«W/&é’ea dioBy heriest solldippginsegifontinede ramomssﬁthstemmswmpr and
Bl pSOfTB&d?ﬁpﬁla%fyl HcOiTRHer BB THE koDt oath WirerWednbBSired g, °F | 4
placed in a 250 beaker stirrin At a o the
speci f i e'becteé?ﬁﬁélﬂéﬂ progedyre V\‘.ﬂﬁlf?%ﬂiedﬂaﬂw testwafer.aced i n a beaker contai ni ng

wafer was placed in the beaker. After five m nutes, .each
ts 2[5;1 t QEP e@"%aw%%é@% and JRR bFB48 etah eate;fthe initfal thickmieasiwas deteimitidded

under ni tusigea Filnhitek 2600 SErSHetfrodRiR: él%rﬁ@gﬁﬁef?etcto%éreW&Bfo%r%t%lyozto t1oc
for g@pr oxi tely 10 m nutes.

of a test'solution was placed in a 250 ml beaker with stirring and heated, if required,
to the specified temperature. If only one wafer was placed in a beaker containing
solution a dummy wafer was placed in the beaker. After five minutes, each test wafer
was washed with deionized water for three minutes and dried under nitrogen. The
substrates were then baked at a temperature of 110°C for approximately 10 minutes.

20 Measurements of each wafer were taken and if necessary the procedure was repeated.

[0045] The effectiveness of the exemplary compositions for removing residues from
silicon wafer test substrates was tested. The wafers had a low-k, JSR LKD-5109 porous
MSQ film (provided by JSR, Inc.), a titanium nitride barrier layer, a copper metallization
layer, a BARC layer, and a photoresist pattern which was etched and ashed using a

25  plasma etching and ashing process. The substrates were then processed by immersion
in the exemplary composition. In this procedure, one or more test wafers were placed in
a 600 ml beaker that contained 400 mi of each exemplary composition. The 600 m!
beaker further included a 1 inch stir bar that rotated at 400 rem. The exemplary
composition having the wafer(s) contained therein was then heated for a specific time

30  and at a specific temperature. After exposure to the exemplary composition, the wafer(s)
were rinsed with deionized water and dried with nitrogen gas.

[0046] The wafers were cleaved to provide an edge and then examined using scanning
electron microscopy (SEM) on a variety of pre-determined locations on the wafer.
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20 Measurenents of each wafer were taken and if necessary the procedure was
repeated. [0045] The effectiveness of the exenplary conpositions for
renoving residues from silicon wafer test substrates was tested. The
wafers had a | owk, JSR LKD- 5109 porous MSQ film (provided by JSR, Inc.),
a titaniumnitride barrier layer, a copper netallization [|ayer, a BARC

| ayer, and a photoresist pattern which was etched and ashed using a 25

pl asma et chi and_ashi rocess. The substrates were then processed by

i mer si on Hkﬂglf%ger%%é‘ﬂﬁﬁﬁg?‘g’ FRBEEValian of sybstrate were graded by viswal inspaative

Lest waf eraf SEM eniplogesssian 100060 haghirBRRIE I THIRLURIILAHAGH i PGl (O each

exenpl ary conposition. The 600 m “beaker further 1nclu

bar that rotated at 400 rpm TheeeXa@idioR iLtion having the wafer(s)
contai ned therein was then heated for a speec'f@?gc?(q%:térre 30 and at a specific

tenperatur¢. _After. exposyre F; he ' o Lhrom—theswaeter(s)
vve?g ri nsed Wmﬂoﬂ(é?'bﬁpzed vy‘;ﬁ%ﬁ an?ﬁ%’%%ﬂ&% h EE rilg n ghs. > %?59?5‘5} The
waf ers were cleaved T0 prjovi dg am gdyge mlu' thepn—exarhed—tusRg—S i
el ectron njcroscopy (SEMOM @ varrety 3 pre det-erm-red—tpeatiohs—ont he
waf er . - 14 REST dU§ Temovai effcacy—and, preservatd of—of —substrats were
graded by pisuar jmnspectijon 1\5f SEM- el Parapns at—T00. 000! magniticatilon.
The resul t s—are sgowr Tou'“J:1 5—eteow—Fable—-5—Résidue [Renpval  Dat
Conposi t i oo sid% Subsfrate ™in C|Rennval Dandge 1
154021540+-73154( + 43540 515 40 % - 6 115 40 ++ - 7 15
40 nt nt B—t5—40++—0f35 48 ne lnt - MY 15 401 +ityr - ndt esnid

8 15 40 ++ .

9 15 40 nt nt

10 15 40 - "

nt: not tested

Code Residue Removal Substrate Damage

++ Substantially ail Unacceptably high

+ ~10% to ~90% Insubstantial

- Subtantially none Substantially none (i.e., damage not visible at 100,000
magnification or an acceptable level of visible damage at
such magnification)
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[ Renoval Substrate Danage ++ Substantially all Unacceptably
ﬁlogﬁ RESI- (iigoe/o to -90% I nsubstantial Subtantially none Substantiall %I noln:vel
(i.e., damage not visible at 100,000 naegnification or an accepta _et eV
of visible damage at such magnification) 5 -15 CLAIMS 1. A conposi (%
for renoving residue froma substrate, said conposition conprisi ng.ri (a) |
water; 5 (b) at |least one fluoride; and (c) a pH buffer system conp g:

[ [ [ isting of an
(i) at least one organic acid sel ected.f | the group consi s g
grri) noal kyl sul fonic acid and an am noa&%%@@r boxylic acid; and (ii) at |east

. Sti ' 10 and a
base selected fr isting of an amne ) .
gzzternary al kyfamﬁ?gﬁﬁgpg% Jg'?’gf’)’P 5\9?%@%:9 %‘?ﬁtﬂ St“ﬁétr 8nﬁ:ﬁ5@f3@m§ﬂ§lﬂ@ﬂf
substantia?qurfsf"@é of an added organic solvent and has a pH ranging from
about 5 to abou(ta)12.wgte .The conposition of claim1, further conprising at
in

Qne corrosion i bitor adapted to inhibit corrosion o
lsﬁgzt rate. 15 3b} Theatdeagiosefluondeyiandl ai m 2, wherein the at |east one

[ i nhi ky | one nenber selected fromthe group

gg;\é??t ?Egl BPI glb): (r)ircél git%’?feg%zér%ﬁf)mpﬂs'ﬁ@i d, gallic acid, benzoic acid,

lonic acid, maleidi)aci dat léasrane orgamicacidsdledBl Hemagh Groy 'c?ﬂeghng?lu %n aci d,
oht hal i G Ak I c_aphydride, phthalic anIEIJyrl e, catechol,
ph'; ga!a: rof&%[gbs%"keﬁééﬁfgﬁlcga%hd?ncéagﬁfno @Hh\liﬁibro P fAckl aBdr boxybenzot ri azol e,
ﬁluc?ose, 20 armoni Ui t hialdedst abebagd ?ﬂé@? frb?ﬁ?%gﬁiygfpg%@{mg%% amine
im h ac@h¢ [ | cetoacet am de, : , _
![ Thggrt?)xyggg?ecﬁ%,té#a?w%%@%éﬁy@n@%m’g *i cyci hydroxam ¢, and m xtures

thereof. 4. The'®isiasdbatthemomposition mslbsthiedlgitfeeld)@n3dab& Bifant Gt ' 0Si on
i nhi bi t or ah@ had BipRAaKGREHom about 5 to about 12,
2. The composition of claim 1, further comprising at least one corrosion
inhibitor adapted to inhibit corrosion of the substrate.

15 3. The composition of claim 2, wherein the at least one corrosion inhibitor is
at least one member selected from the group consisting of citric acid, anthranilic acid,
gallic acid, benzoic acid, malonic acid, maleic acid, fumaric acid, D,L-malic acid,
isophthalic acid, phthalic acid, lactic acid, maleic anhydride, phthalic anhydride, catechol,
pyrogallol, esters of gallic acid, benzotriazole, carboxybenzotriazole, fructose,

20  ammonium thiosulfate, glycine, tetramethylguanidine, iminodiacetic acid,
dimethylacetoacetamide, thioglycerol, trihydroxybenzene, dihydroxybenzene,
salicyclhydroxamic, and mixtures thereof.

4, The composition of claim 1, wherein the at least one corrosion inhibitor is
thioglycerol.
25 5. The composition of claim 1, further comprising at least one surfactant.
6. The composition of claim 5, whersin the at least one surfactant is at least

one member selected from the group consisting of acetylenic alcohols, derivatives
thereof, acetylenic diols and derivatives thereof.

7. The composition of claim 1, wherein the at least one fluoride has a
30  composition of the general formula R1,Rz,R3,R.NF where Ry,Rs,R; and R, are

independently hydrogen, an alcohol group, an alkoxy group, an alkyl group and mixtures
thereof.
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25 5. The conposition of claim1, further conprising at |east one
surfactant. 6. The conposition of claim5, wherein the at |east one
surfactant is at |least one nenber selected fromthe group consisting of
acetylenic al cohols, derivatives thereof, acetylenic diols and derivatives
thereof. 7. The conposition of claim1, wherein the at |east one fluoride
has a 30 conposition of the general formula Rl, R2, R3i RANF where Rl, R2, R3
and R4 are indgpendently hydr ogen, an al cohol group, an al koxy group, an
al kyl group and®ni xt 4P@§oMpRaitienef claire?,avheThin thoatiosstione Mudfideisal Mamber

wher ei n t hesl@dted ﬁ@ﬁhrﬁ‘ﬁ\@niﬁhﬂ-’@fdr@?, tefta eﬁ%[’%ﬁHwonﬁ.ﬁw;ﬁfogﬁgbﬁrgﬁhgl%gwgg}

fluoride, fliet,r amet hyl ammoni um fluoride, rae
tetrabutyl Wﬁﬁlﬁ?ﬁﬂgqtviﬁ?maély"bﬁwiﬂﬁecmﬁu@ﬂlh@t&ie, andimisityries tiesedfher eof . 9.
The conposition of claim1l, wherein the at |east one fluoride is
tetranethyl 5 Jmonf BFempesitianeof cladm 1Tdecsimpresattieamn oné flGdriies lotraighfi N
the at 5l eaghmenmanoiudpgeC acid is at | east one nenber selected fromthe

group consisting of MES, HEPES, DI PSO EPPS, CHES and CAPS. 11. The
conposi tion of 1 ai Mg ciih | - at ne.organic acid is at 10

| east one nember sel ected ﬁ%@tﬁgﬁéﬁgutﬁ’ﬂggﬁ%ﬁ?ﬁtﬁe@%g?negﬂgéf‘ﬁ@c%'& at

[ 3- al ani nd®asi 9ne memnbesselestad; feam die wbwp rorsistimgrat MES, HEREBIPR®, EFgEEIONT UM
hydr oxi de CHESBR4CAFEPNPri ses a conpound having a general fornula

[ NR R2ZR3R4] *OH wherein Rl1, R2, R3, and R4 are each independently an al kyl

gr oup. . & Nyar oal kVineioiRei@ s oflint 1 RSchf ViR 30 eped e daadin G 50 ¢ 0"

of cl?('gm 2, wherein the quaternary anhonium

sel ecl®d t93Sherh@egihst selestadifiom the grbun eensiating lof bigcn® und Braladiysir oxi de,
t et raet hyl acTmoni um hydr oxi de, tetrapropyl ammoni um hydr oxi de,

t et r abut yl anmodfum H%'Grcé‘mmél,tfoﬂ of elainny Metergiin threnquriternaryyahirashide, hydéoxide

hydr oxyet bythpdiir Is@ | | - I OX r.ief hyl anmoni um
20 hydroxéd b 2- hydr oxyet hy[‘{tuﬁygégéggkﬁéﬁﬁlﬁmﬁéﬁ%ﬁﬂlsh Wherein

hydr oxypr pj?z) pii 311k PR Ar@ s independanty ad @lkyhgroup; ahydresyaldyegioap, addt. The
conposi t i mixtebs lerbdp 1, Wherein the at | east one base is tetranethyl

anmoni um hydr oxi de.

15 13. The composition of claim 12, wherein the quaternary ammonium
hydroxide compound is selected from the group consisting of tetramethylammounium
hydroxide, tetraethylammonium hydroxide, tetrapropylammonium hydroxide,
tetrabutylammonium hydroxide, trimethylethylammonium hydroxide, (2-
hydroxyethyl)trimethylammonium hydroxide, (2-hydroxyethyl)triethylammonium

20  hydroxide, (2-hydroxyethyl)tripropylammonium hydroxide, (1-
hydroxypropyl)trimethylammonium hydroxide, and mixtures thereof.

14, The composition of claim 1, wherein the at least one base is tetramethyi
ammonium hydroxide.

15. The composition of claim 1, wherein the at least one fluoride is tetramethyl
25 ammonium fluoride and the at least one base is tetramethyl ammonium hydroxide.

16.  The composition of claim 1, wherein the at least one fiuoride is tetramethyl
ammonium fluoride, the at least one base is tetramethyl ammonium hydroxide, and the

at least one organic acid comprises at least one member selected from the group
consisting of MES, HEPES, DIPSO, EPPS, CHES and CAPS,

30 17. The composition of claim 1, wherein the at least one fluoride is tetramethyl
ammonium fluoride, the at least one base is tetramethyl ammonium hydroxide, and the
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15. The conposition of claim1l1, wherein the at |least one fluoride is
tetranethyl 25 anmmonium fluoride and the at | east one base is tetranethyl
anmoni um hydr oxi de. 16. The conposition of claim1l, wherein the at | east
one fluoride is tetranethyl ammoniumfluoride, the at | east one base is
tetramet hyl amoni um hydroxi de, and the at |east one organic acid
conprises at | east one nenber selected fromthe group consisting of MES,
HEPES, DI PSO, EPPS, CHES and CAPS. 30 17. The conposition of claim1,
wherein t e rldel te ramet hyl ammoni um fl uori de, the at
| east one é‘%{gt%)g@t%‘ga%nc ,{%3 Brr'ﬁ‘ﬁ? Shooe Biemher salastediiom thegrawp | east one
organic amo@setung)oi@ps;naandiemmme menber sel ected fromthe group

consi sting of glycine and (3-al anine. 18. The conposition of claiml,

wherein the wat¥. cofisd cdmp@tlcﬁﬁof%&lrﬁ 1vah‘é’?éhf theﬁb&e%ﬁﬁéﬂﬁu‘téé @3199 tﬂﬁ °/ato{

| east one stitutes -20 wt. % of nposi t
at | east oﬁ%g@ﬁé&'@dﬁg’? ?%% ofe frﬁ%"%c'@/&ﬁ'ﬂsﬂtﬁ@s @d nﬁ!ﬂ)‘iﬂ ‘i’q afithe atmjp@mWn

fluorife ¢onstleasttons ﬂhséfbnwtut% Of 1-10%t. 90BMAE bbinBBsitidh? -and e ARMRRS! L1 on of
cl aim 18, | east one 'organic aclid to the

rati o of the at
at | east 8{2@&[}@ Oﬁsyofv‘g?hpﬁt@efomoi'“@@ 20. The conposition of claim1,

wherei n the conposi ti.on is fﬁrmj ated so as 10 to substantially avoid
danagi ng t he suBst r at& COPPOSKORSf Rlgin 48, WRsFBI sbjormealiratineofithe at lwastdrst r at e

conpr i si ngrganitt @uid towhetdt teast Od Bakd iviflolh f0:¢@PQsi tion at a tenperature and
for a period of time effective to renove the residue fromthe substrate,

v\/ngr ?| n the coRposi tTmmonmaipmbﬁ@SclaW) Wﬁér@fwth&éoh?%sﬁ&n 1s98rmiuIS88 stal gorl de;
an a m co | east one organi c acl
sel ec{taed o?é(}'ﬁ@ﬁqﬁﬁ@,r 3'??@9'58 ﬂ?Pgs@%tréé‘? ani noal kyl sul fonlgc aci d and an

am noal kyl car bgxyl i ast one base selected fromthe
group consi st i %g of (Aarﬁgia%dr?i "Qé)v"}ﬁ}n Quagm?ﬁaﬁﬁf%@ RYMBkisiam Fentactingrtosi de,

provi ded tesiguetvith & oompesiticroat d terpekauNdridabl ¥ péﬂ" &:ﬁoﬂfmé‘@ffé’éiﬁﬁ ngcﬂ)%
sol vent lﬁ@%é]é&eﬁ' PHh% Qét%g from atﬁ? out 5 to about 12 d of
claim 21, wher el SHparayJHerein e comprstion cogipnises:
(a) water;
15 (b) at least one fluoride; and
(c) a pH buffer system comprising:
(i) at least one organic acid selected from the group consisting of an
aminoalkylsulfonic acid and an aminoalkyicarboxylic acid; and

(ii) at least one base selected from the group consisting of an amine
20  and a quaternary alkylammonium hydroxide,

provided that the composition is substantially free of an added organic solvent
and has a pH ranging from about 5 to about 12.

22. The method of claim 21, wherein the temperature is from 20°C to 80°C
and the period of time is from 1 to 30 minutes.

25 23. The method of claim 21, wherein all the residue on the substrate is
removed without substantially damaging the substrate.

24. A method for defining a pattern comprising:
coating a photoresist onto at least one portion of a substrate;
lithographically defining a pattern on the photoresist;

30 transferring the pattern onto the at least one portion of the substrate;

etching the pattern into the substrate to form a patterned substrate;
-18-



and the period of time is from1l to 30 mnutes. 25 23. The nethod of claim
21, wherein all the residue on the substrate is renoved w thout
substantially danmagi ng the substrate. 24. A nmethod for defining a pattern
conprising: coating a photoresist onto at | east one portion of a substrate;
| i thographically defining a pattern on the photoresist; 30 transferring the
pattern onto the at |east one portion of the substrate; etching the
pattern into t f SRt : Lpg the
patterned subs?faé?gq?%bgﬁfg%%g#%@%oﬁ% |§?§ﬂ¥ to aésrﬁ&fﬁseh gﬁgjtr{gfﬁe}éjf'g? and
provi de aabRioMide a reaigueicdfsi ng t he resi due by contacting the residue wth
a conposition conprising: (a) water; 5 (b) at |east one fluoride; and (c)
a pH buffer symavnadhp residurby contaciing|the rasidigenitiy 3 eernpositardcareprisinged from
the group consisting of an am noal kyl sul fonic acid and an
ani noal kyl car bi@yl i Wat&i d; and (ii) at |east one base selected fromthe
gr oup sconsi sti{t\)% of aﬁ@aﬁ@nﬁ%uo&@e'%ﬂg a quaternary al kyl ammoni um hydr oxi de,
provi ded t hat e conposition IS 'substantially free of an added organic
sol vent and h&s a ppHrkuligr systémeoemppsing: 5 t o about 12. 25. The met hod of
claim 24, wherein the reg : : i g \
W t hout substanti al Iy daﬁgg‘?ﬁéﬁtg r?téﬁ%é‘??ézrj%é@gfséggtbﬁg{ezd.rgﬂgég'ﬂﬁm °$gn
aminoalkylsulfonic acid and an aminoalkylcarboxylic acid; and

(ii) at least one base selected from the group consisting of an amine
10 and a quaternary alkylammonium hydroxide,
provided that the composition is substantially free of an added organic sclvent
and has a pH ranging from about 5 to about 12.
25, The method of claim 24, wherein the residue on the patterned substrate is
removed without substantially damaging the patterned substrate.
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