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FOR REMOVI NG PHOTORESI ST RESI DUE BACKGROUND OF THE | NVENTI ON [ 0001] The

i nvention generally relates to a cl eaning conposition and process for
removal of photoresist residue from sem conductor device substrates after

pl asma etching and ashing processes in the fabrication of integrated
circuits. 5 [0002] Nunerous steps are involved in the fabrication of

m croel ectronic structures. Wthin the manufacturing schenme of fabricating
integrated circuits, selective etching of different surfaces of the
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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 materials includes aluminum, titanium, copper, silicon

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
from the surface of the substrate. One common method of removing photdresist froma
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).

[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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are often referred to as sidewall polyners, veils or fences. [0006]
I'ncreasingly, reactive ion etching (RIE), is the process of choice for
pattern 5 transfer during via, netal line and trench formation. The R E
process typically | eaves a residue or a conplex mxture that may include
re-sputtered oxide material, organic materials from photoresist, and/or
antireflective coating materials used to lithographically define the vies,
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ents, Organlc 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.

[0009] 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 aqueous formulations, the $i-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. Morsover, 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]
U S. Patent Application Serial No. 11/050,562, assigned to Air Products and
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oxi des t hgigafilc@Blyenfll SO be exposed to the cleaning conposition. It is also
desired to provide a conposition that is conpatible with and can be used

with suc F{omqs' bb¥itd tﬁ&’f&egbihgﬂe@&oﬁﬁ%ts'\@@ dested to grlo"@ﬂé éjéé"rgaﬂg iG-S
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| NVENE! ONpHAR6Hs5ikt é\w&rabaaésmg fe8BiliBs, stich %Yéﬁ?%niﬁ Fedibilicy regamﬁg%mm t he

I nvention, a conposition 30 renovin om a substr sai d

conposi t i SHELYES hmgr@df?raeshm é\ﬂeregwyr ﬁgs dasired to Qm"dq aiselpclive cleahing:) a pH
buf fer s ysingiostRARINGTIrosEss( bdpable é)ﬁ‘@l?bvﬂ Qeﬁﬂm%h%' gto?@&?lcérf'cgonf rom the
group consi sting of an am noal k aclid an

post-etching/ashing residue, tha exhrblt 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. It is also desired to provide a composition

that is compatible with and can be used with such sensitive low-k films as HSQ, MSQ,

FOx, black diamond and TEOS (tetraethylsilicate).

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

inventive arfipBRIRGLE (P TN r | f time effective
to remove the r egli:%iﬂt?ggy@rao%d'%ﬁg@uﬂlﬁsg?@g?%?g‘xie}%t%ﬁg&?ﬂp‘?gm é)pcéj(';"ts'sh'ﬂgt he
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di scl osgdf,la,ﬁ{@,b&ub&r@gpabl e of selectively removing a residue, such as
processing residue, froma substrate without 20 attacking (to any undesired

t ent 0 | : . te t. 1 ght | al ..b d
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cheni cal fasidvgtyceantaqtingthe residueovith( 16M)veslive corepositinh. ot her i nor gani ¢ et ch
resi dues; nmetal containing conmpounds such as organonetallic residues and
nmet al15organi c conpounds; ionic and 30 neutral, |ight and heavy inorganic
(metal) species; noisture; and insoluble materials, including particles
gener at ed by processi ngDEGAHERDESSRIPTICQN OfnTHEINCENRION - 4

[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 residus, 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 matsrial 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 mechanical
planarization (CMP) slurries 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 MSQ FOx, TECS

and Spi n- @roddsaes., Ireord partitiigherkbatinen, ?ésidue%uﬁhoaéd BRf ptbbeBstg resRiligs
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to 15% bydisltgiimatbrialBauet b @Midbn 666,05 on i nhibitor. [0023] As mentioned
previously, the conposition described herein includes a buffer solution.

The ter m[0023] eThé ebmibbsinon dﬁctﬂé&ﬂh&i@f@dﬂnprﬁs’és@va‘%@ Htflhgﬂ:lé abEfieSt S
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of the
other additives that are typically used in compositions for removing ashed photoresist
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 herein 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
needed to attain the desired pH range of the conposition. Buffers are
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2 ac et ani deid-pleferablpRad1a BRa WonPabsut&tb @bBu11. Aminoalkylsulfonic acids are
represented by Formula |;

M
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|

R—?—OH

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 aminoalkyisulfonic acids are listed in Table 1
below.
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anesul f oni| Abligvigled7 FoM#P®RB® Pi erazine-N N -bis 2-h ro ro anesul T Ofiipka

acid) 7.8 S N2-h rox th i erazine-N - 3- roanesulfonic acid) HEPBS

NN 2-h ro s I+ agi2db-mprpholingethanesyiforfansicc acid) 8.3 TAPS N-tris hero jeth

meth - 3- ag F;?S:canwjizf%ﬁ*wlha}mmwwds h rox th meth 6.8

- 4- ami nobt H-fgeiPipgrazinedisghanasufiopic acid (111 -dineth -2-h rox eth|&® no

-2-hror SHH-6+ ,3' N:[‘I @h@"o)@%ﬂmwnn et hapnesul f onicl 8&i

9.3  CAPSBgpg-ohe 3-%1;;1*; - nvergxvety) 2 amingethanssufonis;actd acid 9 6 CAPS[ Zic

lihg I oLTES T Ny Stnielt 2 aminoenaneslionle ad |« aci do aro iz

- Ut ANSPREPESTC W @ hytirokyeithyibibdrazind N (eihangsultonic 30i0) - e . |

represent ?_5@ | [N, N-Big(2 hdrbkyethvi)aminol-2-hydro% %‘f'gg' ﬁ";ngsu] opicacid N + ..+ Z6 y

group, i NEMEBETT DYk (S orbHdifd)stanedullBnic Baldy - > coonaary o —to—tertrgiy

am noal ky[ TAPSODS, | SieRAZ{Hdiebirhétyiimetyarindl 2Ry xiRrohanpalitoms ady o< Y [ 78 UP

i ncl ude bUHERPSONOY NL(BIRyArE&lelry) SibdraZind - @ FtrdxyBrdnahesuti i Ly ehat iz g

al kyl's, clyrOPsOal Ky Pperaze NI His(E-hjdrogpiparesulfdhiciciay €0 af ky1 S, —unsapsgatied

al kyl's, al ERP®s, al Kyehgdoxyathiybie8razine-NL(3PropansstitenicEad) L1 Of S, ai dEgytys,

ket ones, CHERBXYI | £Ndehodroxyethyiiideraznig-F93-buhbsulfoni®Reda] O 1 T T tTT0g 3

exanpl es (OFARSI| t ab| N-tdsthyuiasdiptheifndi-Blantincpedpdhesaliéhid adid €0 1 1 8.4
TABS N-tris(hydroxymethyl)methyl-4-aminobutanesulfonic acid 8.9
AMPSO 3-{(1,1-dimethyi-2-hydroxyethyl)amino]-2-hydroxypropanesulfonic acid 9
CHES 2-(N-cyclohexylamino)ethanesulfonic acid 9.3
CAPSO 3-(cyclohexylamino)-2-hydroxy-1-propanesulfonic acid 9.6
CAPS 3-(cyclohexylamino)-1-propanesutfonic acid 10.4
CABS 4-{cyclohexylamino)-1-butanesulfonic acid 10.7

[0027] Aminoalkylcarboxylic acids are represented by Formula Il:

10

(i
o]
R-C-OH

where R is an aminoalkyl group, including but not limited to primary, secondary and
tertiary aminoalkyl groups, wherein suitable alky! groups R of the aminoalkyl group

include but are not limited to straight-chain alkyls, branched-chain alkyls, cyclic alkyis,

heterocyclic alkyls, saturated alkyls, unsaturated alkyls, alkanes, alkyenes, alcohols,

ethers, sulfides, thiols, aldehydes, ketones, carboxyilic acids, esters, amides, etc.

{0028] Non-limiting examples of suitable aminoalkylcarboxylic acids are listed in

15

Table 2 below.



15 Table 2 below. -7 Table 2. Am noal kyl carboxylic acids Name pKl pK2 pK3
G@ycine 2.35 9.78 a-Alanine 3.55 10.24 L-Serine 2.19 9.21 L-Cysteine 1.5
8.7 L-Asparagine 2.1 8.8 L-Alanine 2.34 9.87 L-Qutamne 2.17 9.13
L-1soleucine 2.32 9.76 L-Leucine 2.33 9.74 L-Methionine 2.13 9.27
L- Phenyl al anine 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

1827809 125 L pistidine 08 ATReasteabodutiads’ o’ 0 10754 [onos)

In certain enbodi ars;a the organijc aci dpkithin thskhbuffer gehliti on may
al so be present imnsthe—ecorpoesttior—as-the—dorrosign-f-nhibitorland/ or
chel ati ng agent. tr"ﬁﬁ"iﬁ] Preferread base%% [ use9 78 it he buffel] of the
conposi tion incl uddP-AlAnings and  guat er nad-§5 &l kyl dM@dri um hydr oki des.
Further exanpl es dfL-8Béneonj ugate [bases 2.4@¢l ude bmroxyl am ne$, organic
an nes such as pri r]pcystemcondary or tert1|51 y at Tpggtic—amme$, alicyclic
am nes, aronmtic A RESar het-ergeyet€ {A-REST—aguqous—aRnbn a, and
| ower al kyl quater Rium hydr 0xi d£ Speci 198 Je exanpl es of the

L-Alanine 2.34 9.87

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 22 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-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, aqusous ammonia,
and lower alky! quaternary ammonium hydroxides. Specific examples 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-methylaminoethanol, dipropylamine and 2-ethylaminoethanol.

15 Specific examples of the tertiary aliphatic amines include dimethylaminoethanol and

-8-



10 hydr oxyl am nes include hydroxyl am ne (NH2OH), N nethyl hydroxyl am ne,
N, N- di met hyl hydroxyl 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) et hanol. Specific exanples of the secondary
al i phatic am nes include diethanol am ne, N-nethylam noethanol,
di propyl am ne and 2-et hyl am noet hanol. 15 Specific exanples of the tertiary
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di cycl ohex%%@?h%ﬁ@m"ﬂ?-cswﬂﬁﬁwms oftbe arematic amiaes iretuderbenagiamine,

benzyl am ndib IdneiRg Wha - I | an | £ic exanpl es of
t he hetero%%rl‘z?c a 'nes“{l ﬁ%&%& 'gﬁ%}/e%ﬁ%féﬁeéqﬁéb%tgchaglwg%)mmes

pYr i d: ge, r;q,drc?@wfr ‘ &, Pygﬂgéﬁif'fn%!"qﬁﬂpm,imridbp. IoEphiaiini, yyeeziriey pgieﬁeinbﬂNge,
oxazol § a oxi des may be

t hose co OlEIdeS %pgger?}&%@ f%‘{%?@ffrﬁ%%%&%@g&ﬁwm“@zy R3, and
R4 are ea ‘ﬁ‘&’é"& 8 1¢0a1IPRNdg) having the fhgroule -4 whahsin R
conbi nat i ams RL,EHIERS are BAgh §rlH: %Hﬁgla'h Foqﬁdg?:rmi Hﬁﬁm?‘:gr??(‘)m trgi g1ht or
branched chain unsubstitut egghy ro%ar ba?)lﬁ'lgroups 85'%3’?@\' H5P¥aPB8n at ons,
or from 1 CECNAANHKeraef. dherterm talkyirasmskdiherdinaeietmoto sitaight or EsaBReES Of

ot byt y1 e or eact PROREEIER dien oS % ety SPGB0 0 fkn , o™
car boﬂ at @ltf%".‘s'ﬂ’iémﬂ'b?iﬁ4W@D@mk-yEkarapleasaéduit&klieealkylrgtéwﬂnbledéirn"ei!lh;ﬂ,ht or

branched oM peboyi Us y c |0 hydr oc n,qroups of
From 1t oo oy Pron ibctobW i andientiiy. PHS Bigl pRlon ek A ferefhia By
car bon ?t Qﬁpsﬁﬁﬁ I4§J”§ﬂ1® gpmsuiThatbrn fhydrasyalker ey Iuglgﬂ harein fefers u6!straight
yar-oxyl ebflran Y, Oo,md . | §a quatern a nium
hydr oxi de éo ounds i r?gF%@:a t e{?’aﬁéﬁﬁ% gﬁﬂ'}%&ﬁ'?im&%ﬁ%g@g% ?ﬂ{&éﬂ‘,m
t et r aet hyP (PSRN Siomi to Bearhumatoinanontrom mtb_yl(bamdrdaon'(s]'%(u)nfles
hydr osy ot b o PRI CRAIIGN bfps il Wt Sk el SR By oo EEioles roni um
20 hydr oxPitel '%%%wamwmpium hydroxdg campoundminbude tetiatiesthylammounium
Pyl oxi o orote LA O YR R i e R B RSB ron um
Rﬁ/dr oEi ?e(T%FBn@tfa;m@I myaeium hygeeddes trioveth yiemylamnl o.faumﬂmr@n?e] iy ]
met hy diee t il req.P rom availability an
saf et s?g?ndpqi m ml'?lewﬁgses. n%&ﬁ@?x@gégé)@@%ﬁ" RYRMBIONUM ¢ onbi nat i on
wi t hZne hycsexids, (2-hydroxyethyl)tripropylammonium hydroxide,
(1-hydroxypropy!)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] Fluoride is present in the compositions described herein. Fluoride-containing
compounds include those of the general formula R;R;RsR,NF where Ri, Rz, Ry, and R,
30  are independently hydrogen, an alcohol group, an alkoxy group, an alky! group or
mixtures thereof. Examples of such compounds include ammonium fiucride, tetramethyl
ammonium fluoride (TMAF), tetraethyl ammonium fiuoride, tetrabutyl ammonium fluoride,
choline fluoride, and mixtures thereof. Still further examples of fluorides include
fluoroboric acid, hydrofiuoric acid, and choline fluoride. The fluoride is preferably present

-9-




[ 0031] The buffer is provided such that the pH ranges from about 5 to about
12, or from about 6 to about 11. [0032] Fluoride is present in the
conpositions described herein. Fluoride-containing conpounds include those
of the general fornula R RZRBRANF where R,, R2, R3, and R4 30 are

I ndependent |y hydrogen, an al cohol group, an al koxy group, an al kyl group
or m xtures thereof. Exanples of such conpounds i ncl ude annnniunlfluoride,
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r sal ytion
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wat er, doultdayputée Waitdr] aieitinet l t
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greater. gmaﬂe‘i credbout Bs%ftﬂpdélﬁﬁﬂérsgreéﬁ%? r abOEAS. S%tb%%@grlﬁgo?_pgeﬂ%r %pof the
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of the pr%es"é“’rﬂ'? ) Sﬂ"bﬁéﬁ-éﬂ%!afncoonsgwt@pﬁﬁ 884y ;?/o@bmeammnq@nttoo ORBREH9815% by
wei ght, owt.%hbsfuhe Gompbgitigpout 10% by wei ght of a corrosion inhibitor. Any
corrosion inhibitors known in the art for simlar applications, such as

E) ho?gf Ce“r Z[@DGG]edThél c&@pbblﬁonféﬁthe ?Jﬂaseﬁte &%%lg%éﬁ%'&ﬁ? tﬁ{) hlﬂ?égrﬁaé%bqg herein
o

eiarrpl e, %H%BPS%HYCW@@BH or éﬁo'ﬁrcb%ﬁ? sbaut i19%hy weight OfLﬂIQ‘meSIOmlnhlbltalz oIAey a

hydr oxy| astirrosionrinkibitéhs kabivn i Gecat for SirAEP applicatioma sLibt Uk Mose Uidtadedin

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 trihydroxybenzens,
dihydroxybenzene, and/or salicylhydroxamic acid. In embodiments wherein the
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inhibitors include citric acid, anthranilic acid, gallic acid, benzoic
acid, isophthalic acid, maleic acid, fumaric acid, D, L-malic acid, nmalonic
acid, phthalic acid, naleic anhydride, 25 phthalic anhydride, benzotriazole
(BZT), resorcinol, carboxybenzotriazole, diethyl hydroxylamne and the
| actic acid and citric acid salts thereof, and the |ike. Further exanples
of corrosion inhibitors that nmay be used include catechol, pyrogallol, and

esters of ddiah inhibi {4 ; i ) t be used i ng¢cl ude
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mer capt o- ?éoilﬁ cont ai ni ng conpounds include 3-nercapto-t, 2-propanedi ol
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and 10 i X118Rgdtive(s) mey be aisted]to thecoxtentihatitheydo naladversly aftddt g gie or

f t Feh ' i i : - | at ts, chem cal
mdi fers, %3*55"““8?%‘%?3%‘3‘?"‘- 3655e exatbiot bl deontalizy Begiles PolicEjackhionse
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15" 51 conol o ana R OB i putdcherr o Nl o b Sl ipeman "
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(i ncludin ap{r otlﬁgaggtﬁ\bﬁ%éégﬂﬁég&ﬂ %%ﬁ#ﬁ?ggﬂ%r@@%ﬂﬁ@ﬁﬁ{dnyl

acet ani d ,e|aé|”ﬁﬁ99atw¢blaérh%di_kemeb. lzta-Hetirines| citodyidrhcigy, mandacid

?rgle: ?U;g?alﬁgl%ﬂhﬁc 86i8badsd BEeRs S b and Grfaliidsthred ,Sa’ndctgrrtilgk(r)f(zrlnI!n%ss,a cds,
tamines 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 hersin 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 (FOXx), 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.

11 -



20 and tartaric acid based esters and diesters and derivatives thereof, and
tertiary amnes, diamnes and triamnes. In certain enbodinents, the
carboxylic acid that may be added to the conposition in the buffer
solution may al so act as a chelating agent within the conposition. [0036]
Materials renoved with the conpositions described herein include ashed 25
phot oresi sts and processing residues known in the art by such nanes as

sidewal | [OO3YIe Diiing @hd ﬁmanﬁ%@ﬁﬁ-iﬁg%E’%e%s%%{:l%{gres%fEyé?%i?(ég@g??% the like.
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at nogpherge. | ertain. . .
P24 [%039f] %he 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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enbodi nents, a deionized water rinse or rinse containing deionized water
with other additives 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
followi ng Exanples, but it should be understood that the present invention
Is not deened to be I|imted thereto. [0040] Exenpl ary conpositions used in

the Exanpl es were prepared b %i LN oni zed water, a fluoride, an
organic acid and a base and '%? EH%HB %}HE’RP@'?O% together in a vessel
Py calvad Thn E elllfl na

at roomt "‘ldﬂﬁ[, tToT vt Ot ua IIGVC ar-vea
conposi ti pngydr e %{g?)fék ?%%J%e be‘fJ aT"bI e Basg enp| g?"os'O“’”h'b'fOT

r\rng Aci-d cc(wtt"‘?rnclnn In P)an

Conposi ti pns—Ecot € ge B:

NOFTD(Wt Y 1 snl AF)’/( \‘: nEMAR (0628Ed > > TvaH
(0.625) pP-—9%-37 = d MF (B4} F Sﬂfﬁgf oI WAEN (062504 475 TMAE (0.4
DI PSO 2. 5-FMAH do2894% ,”%Ei‘ﬂ E fé"rﬁ’s(g (3bps | (EMARN(0BZRN [(1.25) 5 96.8P5
TVAF (0. 4 s \/_g?I_E-Q\ TVMAR d04bg) EBPSH645) TNWTMAH @.29A8S (3. 03) TMAH
1.25 7 9p.28 TNnP6.B25 1) TMARi(0d) [> GHESTRIS) 1 | EMBHJ6.626) TVAE (0. 4)

G ycine ([L-58 TnnE85(3R S TMAR (0.4} dr TARS (3.08) 06, IMAFMNE2S). 4 - Al ani ne (L. 8B)
TMAH 1. 25[ 10795 [ 96897 H TMAR (0.4) 4nGhesiniel (2206)TARMAH @1525)THi 0 | cerol 1.0
[0041] AlL_of the98&88dsiTMAM{O0.dkrle Glysined Spr | pAMAHI(1e253N | Bhieglyderel (ALD)
det erni naf_t fong H6E2 nadMAKSI(Od) 5B-Alanimeud.83d | uTMAM(1a25)anbi ent

t enper at ug e.10The 9685 tis TMAF $0.4h¢vB-Alanidabl.®) 4 TRIAMWI.F5HD]| eTHioglpEErand gt £h
Rate Data Etch Rate (A/mn' Conposition pH Cu TEQCS JSR LEB-043 . 0C
25C 40C 25C 40C 1 6.44 <1 <1 nt <1 nt nt

[0041] All of the compositions were tested for pH and etch rate. The pH detemina-

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 pH 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 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 9.73 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 tetrasthylorthosilicate (TEOS) and JSR LEB-043, which is a porous
10 methylsilsequioxane (MSQ) film provided by JSR, Inc. Measurements were conducted
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27.8311nt <Intnt 37.9323nt <Intnt 47.823n <1l ntnt 5
9.68 <1 1 nt <I nt nt 6 10.76 1 nt <1 nt <1 <1 7 9.3550nt <1 nt nt tit
8 9.73 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 bl anket silicon wafers
cont ai ni ng copper, doped wundensified tetraethylorthosilicate (TECS) and
JSR LEB-043, which is a porous 10 nethyl sil sequi oxane (MSQ fil m provi ded

by JSR, I nt5, Mpaz0/UIBAY B0 WRfiRes BNENHRLER at t&ﬁg?ﬁ&é&lrﬁ%ﬁ&%&éﬁ%mﬁ@%ﬁ

m nutes of_exposure at tenperature Intervals
measur ementCRIBF: MEaBWiemaniywate detferminediat eavhdimeinteaval agd gréphedusinga a

I t U t
The cal cul o oo uefes MORBHeRh et s fbd Sac¥xefitaty SATPBLTOY IREBRNBT o1
is the r eéﬁ%pﬁaﬂﬁt‘h% leapt sguares flﬁmdetﬂ@ﬂeaqln conysitionds thermesealtapbetahnite | n

deterngni Vidddiar; the wafers had
a bl anker Iihlg?iyer of antggﬁ?]@\?ﬂﬂ Eﬁ@ alhgdegésrn'{uﬂﬁ@ ggléeﬁttﬁ%]c&?pfeggm AP t he Cu
etch rat e 2XR&tGhiate.dhe wafers hedg hﬁnhehlayﬁahba kneven thitkeess depbsited ngoh ke  CDE

ResMap 27 Four Poi nt _Probe. After determining the initial thickness, test

waf ers 0043 ey haiCu gtahates shavbltial thicknaswef the water wiist determined usnng thes,
the test GHERSsME) 97@@-’0[1?159'\‘\“; (ﬁtfeo rﬂf{el?%e{ﬁ(ﬁ%}n (ﬁgﬂhg ﬁlﬁ%] élplcfﬁrpqssgg | Eﬂﬁ%ee

m nutes with deionized water an
t hi cknessW§f® @aewsaaﬂ@thwmm@pwosms fAfterwemautys,tme tgstwaﬁei'srvmrwas

repeat@d esindveRt fiois the'@bEsolutldtO AftdedToF tHrbE mTrﬁﬁ)Es ﬁrﬂﬁ! gé%%g%% ch rate,

the Initial thlckness was detefm ned usrn troscopic
El Il psonef¥PPIRISlY digd uder Mm&eﬂxﬁﬂﬂﬁtt@b&n%@f eash w‘afemfwas rhessuredand fon was

D e " ceBaryTtho PRRERIr S reblobleld B WRILE . | [ Tl T e o L

specified tenperature T on r was aced I n a beaker containing
tsglstlt :/vg? eErOOQ:ETSfFS\g\@\Ee!‘E@@%nH gﬁg%ﬂz e 5 chl‘h% %e i @r Etgfcrl#%%s[ \ggé Qﬁ{? ac h
under ni tl'l%@ﬂaﬁ Film]&k 2000 SE Spectroscopic Eillpsometer/Reﬂectomer Approximately 200
15 mlof 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 it necessary the procedure was repeated.

[0045] The effactiveness of the exemplary compositions for removing residues from
silicon wafer test substrates was tested. The wafers had a low-Kk, 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. 1n this procedure, one or more test wafers were placed in
a 600 ml beaker that contained 400 ml of each exemplary composition. The 600 mll
beaker further included a 1 inch stir bar that rotated at 400 rpm. 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
alectron microscopy (SEM) on a variety of pre-determined locations on the wafer.
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substrates were then baked at a tenperature of 110C for approximtely 10

m nutes. 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.), atitaniumnitride barrier layer, a copper netallization

layer, a BARKileRRovaRBflode PRl Sees s g d_ashed
using a 25 plasma etchi naé)cand a@ﬁ?‘?]’g§?o°rr§@'§s‘§.‘“ﬂ e eggﬁﬁ?"r%é‘fﬁéé‘ﬁﬁ%’ﬁ‘%?ﬁ‘g‘wn
processed By EMAisreomphsiah 100,000 magpifigation; oFsotsstitoare showntin T aplectpelowe,

one or nore test wafers were placed in a 600 m beaker that contained 400
m of each exenplary conposi t iTeble Sthdesidge Remobalddata further included a 1
inch stir barthat rotated at 400 rpm The exenplary conposition having
the waf er ($)c&apbatiaieRo! Ner eTimewas| tTempeatated f oReaidspeci f{i c Subswatg0 4dnd
at a specific tenperaturd. AmieY ekposuf@)to fhe Beewwhlary [corPamiage on,| the
wafer(s) ere rifdsed witlh del%ni zpd wad@r and dried with fgitrogen gas.
[ 0046] Thelwafers2were clleavetb to provide an édge and thenfexam ned using
scanning PklectroB mcrogcopylf SEM on 4Qvari ¢ty of +pre-deferm ned
| ocations pn the dafer. -|14 R&sidug renpgal efficacy- and pjeservati on o¢f
substrate pere gr8ded by |visu@ inspectgon of SEM gy Crogr §pns ar 100,900
magni fi catjon. The resultls ar® sho I nggabl e]5 bel Q@ Taple 5. _Restdye

Renoval a Conppsi tion[No. {B me [Tenpej@t ur €| RESTURE Subsyrate €
Renoval mage 1815 40 { -7 3gl5 40 F 4@ 15 ff0 7+ 1.4 15 #0——=_5-15+40 ++
£ 615 40 (t+ - 7 95 40 N Nt 158 I9 40 Tfg- 9 [5 40 [ Tt 0—I5Ho—+1 nt:
not tested 10 15 40 -+ _

nt: not tested

Code Residue Removal  Substrate Damage

++ Substantially all Unacceptably high

+ ~10% to ~90% Insubstantial

- Subtantiaily 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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Code Resi due Renoval Substrate Dammae ++ Substantially all Unacceptably

high + -10%to -90/G Insubstantial Subtantially none Substantially none

(i.e., danage not visible at 100,000 nagnification or an acceptable |evel

of visible danmage at such magnification) 5 -15 CLAIMS 1. A conposition

for renoving residue froma substrate, said conposition conprising: (a)

water; (b) at least one fluoride; and (c) a pH buffer system consisting of:

(i) at least one organic acid selected fromthe group consisting of an

am noal kyl sul fonic acid and an am noal L&lﬁfsboxy' ic acid; and (ii) at |east

one base selected fromthe group consisting of an amne and a quaternary

al kyl ammoni um Hydr 04 chenpositien éorrembdngrtdsisiue doioa siibstrate, aaid cempesitiane

organic acéoﬁ-nptri' he at | east one base is from10:1 to 1:10, provided that

t he conposi n'rs substantially free of an added organi c solvent and has

a pH rangi ng friem alwater, 5 to about 12. 2. The conposition of claimil1,

further conpri sing osion inhibitor adapted to inhibit

corrosion of tﬁ(gpsu%g%éragﬁe@.gﬁq'ﬁ%hgonposi tion of claim2, wherein the at

| east one corrd8) on & Rthbyfer system copsisting0ft one menber selected fromthe

group consisting of (§i trigf|eds che RGaric adi bélEctad frem th&gloup Gomgisting oP&RN ZOi C

acid, malonic add, maleic acid, fumaric acid, D L-malic acid, 1sophthalic

add, pht haamigoaliyisyifonig acid and an @minpaliylcarboxdieaddiand pht hal i ¢ anhydri de,

cat gcholb, pyr ogal : qliy est R!a§td?fe&%ébél_@ctédﬂ'ﬁnhﬁélg]fdubioaﬂﬂ‘lstm_ofan amine

car boxybenzotri azole, fructose, amuoniumthiosulfate cine

{ot rambt hyGGHARTY aikvamupRniin hydroxge.hersin e Mol 1atia o figetlsas ane

t hi ogl ycerdganit 4 ¥sihexy kastzeebasdistyain sg:henaone, sal i cycl hydroxanic, and

MXtures ther oo ovided haring 80REsation 1S sbsténidly Trée of YAl ofghficTonefi?st one
and has a pH ranging from 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.
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,
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 corresion inhibitor is
thioglycerol.

5. The composition of ciaim 1, further comprising at least one surfactant.

6. The composition of claim 5, wherein 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 fiuoride has a
composition of the general formula R¢,Rz,R;,R«NF where Ry,R2,Rs and R, are
independently hydrogen, an alcohol group, an alkoxy group, an alkyl group and mixtures
thereof.
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t hi ogl ycerol. 5. The conposition of claim1, further conprising at |east
one surfactant. 6. The conposition of claimb5, 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 conposition of the general formula R, R2, R3, RANF where R, R2, R3 and

R are indepeqdent hyoly ggg&%of%ua.ralvcwh&bmﬁeuﬂeaarbnalﬂheme.ga%mnb@n al kyl

group and m xtures onposi_tion laim 7, wherein the

at | east slected fom aemosium fusride tetrarasthyl @amanivinfiueridentetrasthyl asmerium

tetramet thiuoﬁéH%a‘Bmyf AHRbhiE/M fivoRYE, %ﬁblﬂi@ﬂtﬁﬂ@%& mmtﬁie'é(!ﬁéré@; tetrabutyl
ammnlumfluorlde choline fluoride, m xt ures t her . The

conposi tion of %I ai ¢ WWH%'@WH?@“& Wl‘%fég‘tthﬁﬁte'eﬁﬂd’&?l H@"qes's t et r amet hyl
anmoni um frbtrhdtA ambSbniui Alusriggposi tion of claim 1, wherein the at |east one

organic acid is .at east one er selecte om.the grou nsi sting of
MES, HEPES, DI B80, E*—‘!P ETR‘TFE“ g Apgherein lﬁqﬁgleeﬂﬁgsg?q i A é'*au m1,
wher ei n t heastbné mﬁibeﬂwemmsrh@h@gmdp tonsidting bEMES, HEPESEDIRSO, &ARS;t ed from
the group iﬁg‘ihggaof glycine and [i-al anine. 12. The conposition of

claim1l uat ernary ammoni um hydr oxi de conpound conprises a
conpound havi ng1a gaheicampbsitiondfaidirh- 1 RvRBRRN$ alOeastwine veganic d2id isRR, R3, and

i xtur es. o988 B0 PERREF Sade @S G oS Uhaidtng ¥ N it B ol COF
ammoni u mh hydr d2i de Tbecpmpaositionsofcisire dtweheréin the quaterpary @pnaanitgh ydraydef

ot r apr op P BSGH ¢risRl c8p8eng higAEbehera TaTHe LR KRG L wherein
trimet hyl dihiRs Rmend Reare pachintependently awkxbggnyphgz hyc!rpmﬁwkgrpmﬁl um

hydr oxi de, ﬁ@ﬁé ethyl)triethyl ammoni um hydroxi de,
(2- hydroxyetgﬁr )trrl%fy pyl ammoni um hydr oxi de, (1-

ro
hydr oxypr opyl ) t18i rretpf hecampesitioneficlain J2i whereinite AyatemAYANMANWS! . 14. The
conposi ti gRgRkidecdmPodnd i¥ielkticl flohftha brdupashsisitfy dTdstRimethylfhmadmamy |

hydroxide, tetraethylammonium hydroxide, tetrapropylammonium hydroxide,
tetrabutylammonium hydroxide, trimethylethylammonium hydroxide, (2-
hydroxyethyl)trimethylammonium hydroxide, (2-hydroxyethyl)triethylammonium
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 tetramethyl
ammeonium hydroxide.

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

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

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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amoni um hydr oxi de. 15. The conposition of claim1l, wherein the at |east
one fluoride is tetranethyl amonium fluoride and the at | east one base is
tetramet hyl amoni um hydroxi de. 16. The conposition of claim1, wherein
the at least one fluoride is tetranethyl ammonium fluoride, the at | east
one base is tetranmethyl anmmonium hydroxide, and the at |east one organic
acid conprises at |east one nenber selected fromthe group consisting of

MES, HEPES: 1Rkt ?e@aorggrﬁéaci%?%g atfeast onk/membér sefticieadSion e gpdupc! ai m 1,

wherein the at s one de 1s tetranmethyl ammonium fluoride, the at
| east one coasjetingof glyeing apd Byalanitgoni um  hydroxi de, and the 17 at |east one

or gani ;: aci df Cqur | IR8 ﬁ@p‘%ﬁﬁﬁfﬁ%ﬁ??ﬁ%ﬁﬁé %teedofﬁsmm%mrmm olf

consi sting of glycine an | -al ani ne. i e Cco | n claim1l,
wher ei n t Ree GRIiRgsitiopthe ot @Pwr@&rw'ezaﬂfm}a%mtﬁ-g@&&%gﬁ on, the at

| east one cRhipasitien, Hed &t 1650 6heé bakesonstithted @. M40 ¥4 %l of tveecorgpasition tandithe t he at
| east one basf const i t%tleg"&#lé/ég wt. % of the conposition, and the
fluoride d9REJs ganstites O;1- > 0h 1 COMRCMRnosi tion. 19. The conposition of
clai m 18, whergion a TNeicBmpositidr of cldimt1Bewhéreinaeiddrmaheatio of therst eaatére t o t he
at | east one base

s, fromi10:1,to 1:.10. .2 ) conposition of claima1,
wherein t Wég%%%%%hstpﬁﬁﬂf’gs]tﬁgﬁﬁﬂf%fséﬁm%&g;o T‘B@ substantial ly avoid
damagi ng t he s@ost r The codposittornafictaird 1pwhereindhe ngmpesiticthiie fdrmolated sodsst r at e
conprisin 1 ' ' a conposition at a tenperature and
for a perﬁg%&%ﬁi?ﬁ%i@&gﬁ%@ﬁ@ﬁ%@}@%@% the residue fromthe substrate,
wherei n the cojosi tA method opremowing résiguedrom a subgiiatacomprising eontactingthei de;
and (c) a pk ] LSk - 4 ol : : ' cid
el cct bl {PRRRES cSYSIE R 3k pliing na ok b pRling FFie PRRH GIBHELC on
am noal kyteerasisiug|fiom the isubsteatr] wherein e corwesitiomeomrises'sel ected fromt he
group consi sti NS of r[am ne and a quaternary al kyl ammoni um hydr oxi de,

wherein the nol'e ratio of the at | east one
b at least one fluoride; and

(c) a pH buffer system consisting of:
(i at least one organic acid selected from the group consisting of an
aminoalkylsulfonic acid and an aminoalkylcarboxylic acid; and
(ii) at least one base selected from the group consisting of an amine
and a quaternary alkylammonium hydroxide, wherein the mole ratio of the at least one
organic acid to the at least one base is from 10:1 to 1:10,
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.
23.  The method of claim 21, wherein ali 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;
transferring the pattern onto the at least one portion of the substrate;
etching the pattern into the substrate to form a patterned substrate;
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organic acid to the at |east one base is from10:1 to 1:10, provided that
the conposition is substantially free of an added organi c solvent and has
a pH ranging fromabout 5 to about 12. 22. The nethod of claim 21, wherein
the tenperature is from20C to 80C and the period of tine is from1l to 30
m nutes. 23. The nethod of claim 21, wherein all the residue on the
substrate is renoved wthout substantially damagi ng the substrate. 24. A

method for def induidh fe pahdrREd'sMiate! 8 atempéraiie Bandleiobeti BEiphbrofdiisn
| east one portion a substrate; lithographically defining a pattern on

t he phot oréddipsevide 3 easiduer anchg the pattern onto the at |east one portion of

the substrate; re@b@ing tHe rbdl8udPBy sditdttihg tHe refiBuswis hicainpodiforf eomprigingat t er ned
substrate; 18 heating the patterned Substrate to a tenperature sufficient

to ash the phot® es™&er and provide a residue; and renoving the residue by
contacting the (pesi @Hra¥l drie fofideTRAGI tion conprising: (a) water; (b) at

| east one fluoride; a a pH buffer systemconsisting of. (i) at |east
one organic acil® selaﬂgﬁﬁﬁﬁmﬁ@"ﬁtm ‘consi sting of an

am noal kyl sul fonic i d atkkastonerdrgenid dgd selediedrom theagrodp cansistigiof amt | east
a1 Kyl amoriruRApRAGRtE gt A8 S leRles e Bl (oo Meact Tone )
organic acid to the(§t | ahleastome bass selested fronmthé group consigting opanamiied t hat

t he conposj t,i_on..i | al f : r i I and has
a pHr angidr?é %%@ﬁ'&%’g%ﬁ‘ E@H{n&)ﬂ%ﬁéﬂ{dr@d@%@ pﬁlﬁg%ﬁrﬂ?lﬁégﬁjorqf%{%@n%gﬁ?e wherein
the resi duweganic adittothe atleastnebiase isdtom 1&1te &fved wi t hout substantially
damagi ng the pagldRidfariHL 8drhpdsition i substantially free of an added organic solvent

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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