STRI PPI NG AND CLEANI NG COWVPCOSI TI ONS FOR REMOVAL OF THI CK FI LM RESI ST CROSS
REFERENCE TO RELATED APPLI CATI ONS [0001] This clains the benefit of
priority to earlier filed U S. patent application Serial No.61/710901,
filed on Cctober 8, 2012, and U.S. patent application Serial No. 61/841596,
filed on: July 1, 2013. The content of each priority application is

i ncorporated herein by reference in its entirety. BACKGROUND OF THE

| NVENTI ON [ 0001] Nurrer ous steps are involved in the fabrication of

m croel ectronic structures. Wthin the manufacturing schene of fabricating
integrated circuits, selective renmoval of resist materials is sonetines
required. Historically, a nunber of vastly different types of processes, to
selectively renove material, have been successfully utilized to varying
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di azonapht hoqui none (DNQ/ Novol ak photoresists. Conpared with front end
processing requiring much thinner phot?re5|sts processi ng thicker
photoresists is substantially nore chall enging; they require |onger bake
and devel opnment and exhi bit sl ower photospeeds. In addition, coating
uniformty and control of the size of the edge bead becone nore difficult
to achieve. [0006] Traditionally, the exposure tine is the limting factor
since the exposure systemis the nost expensive part of the cell. However,
with thick photoresist filns the track devel oper process can be the



invention in any anount, for exanple; fromabout 0.1%to about 10% or from
about 0.1%to about 6% by weight, or fromabout 0.1%to about 3.5% or from
about 0.2%to about 5% or fromO0.1 to 0.2% by weight. [0017] The one or
nore corrosion inhibitors may be present in any of the conpositions of this
invention in any anount; for exanple, fromabout 0.5%to about 10% or from
about 1.0%to about 6% by weight, or fromabout 1% to about 5.5% or from
about 1.0%to about 3% by weight. In sonme enbodi ments of the conpositions
of this invention, the one or nore corrosion inhibitors are present at a
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of t he igeugagtiticandiméngion @n)wontd, profilabadbs@teativs.f r om about 50 to about
60% or from about 40 to about 65% by wei ght of the organic solvent (may be
m xtures of solvents) (e.g., THFA glycol ether, and/or glycol or other

al cohol s) based on the total weight of the conposition; from1l to about
5.5% or fromabout 0.5 to about 1.5% by wei ght of one or nore corrosion
inhibitors that nay be at | east one thiazole (e.g., AST) or at |east one

i mdozole (or mxtures thereof); fromQ to about 3.5%or fromabout 0.1 to
about 3.5%or fromabout 0.1 to about I.0% by weight of one or nore

hydr oxi des (e.g., potassium hydroxide or other netal hydroxides or

guat er nary anmoni um hydr oxi des (e.g. choline hydroxide or

t et raet hyl ar nnoni um hydr oxi de) or m xtures thereof); and from 10 to about
35% or from about 10 to about 40% or from about 20 to about 35% by wei ght



from about 5% to about 95% or from about 5% to about 80% by wei ght of the
conposition. In sone enbodi nents, the solvent may conprise from about 20',
to about 80% by wei ght, or from about 50%to about 75% by wei ght or from
about 50% to about 60% by wei ght of the composition. In alternative

enbodi nents, the conpositions may conprise from about 20 to about 50% or
from about 40 to about 60% or from about 40 to about 65% or 45 to about 80%
or fromabout 70%to about 95% or about 75%to about 94% by wei ght of the
conposition. Oten the conpositions having about 70%to about 95% by wei ght
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[0034] I n one preferred enbogi%?',qet%%é'ém@ggﬂp&ﬂs of the present

[ Event :[omos[ray Dige present divestidrssatisidsahis yiebd Bﬁpl@i/lddigma‘iﬂpyig aitﬂ&ilamﬂg@e ( DIVA)C) as
t he sol vent S .C alnln t am de C) are
used wiERySHEHs, PRI A A Talr e T B BT M RS APLE qsRbe

parti cireddsying aondiinne (&.9r, tewmhatageslof 7810 arlsssfecpar®es iof tims omcgdnlryorpleksaor

whi ch kes it _an ex | | is also
desir ag}% e heda Ie%sé a'}d%ﬁg‘s!ﬁ% ?{%% déﬁ?a a5 rt]&f)r}eg{n%ﬂ{ &i élﬁ’%{r%g?égoﬂu {T{é,Po'Jir?’ has a

| ow vi satcjrmg:qftheamdtal positsulpsﬁa&t)l V1:1: yomneﬁd[mnﬂe/éesmmwcﬁmammf@ of bothovasver
Dl\/ACl ﬁaqfﬁ] iied as a toxic material in both the United States and in
Europe. I'n I's regard, DVMAC has a National Fire Protection Association
(NFPA) [pesal t h Aegording tefon aspectiof theNpitestiom thezdrenogitipa inelutise aboyt KEIOS) by
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are onl - - i ons,
wat er vﬁ% P]Sp%lc‘%’ﬁ%?‘i @g(,gﬁ%oélgcgéé%rﬁ'g%l%{?%me%bgq] %ﬂ‘iposftlgﬁ (%%gﬁ& Q& rom about 1
t o abouwrbos5IEt tofabort thonabaut 00akw abous 0% by weigdhheaset owélneetuotal Peighsfr ed
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enbodi nent’s of present i1 nvention coul'd conprise from about 20%to about
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conprising solvent and water, the solvent and water nmay be present between
from about 40 to 90% or from about 70 to 85% by wei ght based on the total
wei ght of the conposition. In some of the enbodinents, the solvent is
present at a greater weight percentage than water. In sonme enbodi nents, the
solvent is present at greater than 1.5 or greater than 2 tines the weight
percent of the water present in the conposition. Additionally or
alternatively, in sone enbodi nents of the composition of this invention,
the wei ght percent of solvent present may be greater than the anopunt of the



[ 0054] According to ot her enbodi nents of the invention, the conposition
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[0020] According to another embodiment of the invention, the composition includes from
about 2 to about 8% or from about 2 to about 5% by weight of one or more alkanolamine (e.g.,
MEA) or one or more morpholine (e.g. N-(3-aminopropyl)morpholine) or mixtures of
alkanolamine or morpholine based on the total weight of the composition; from about 70 to
about 94% or from about 75 to about 92% by weight of the organic solvent (may be mixtures of
solvents) (e.g., THFA, glycol ether, and/or glycol or other alcohols) based on the total weight of
the composition; from 0 to about 1.5% or from about 0.5 to about 1.5% by weight of a corrosion
inhibitor that may be at least one of a thiazole (e.g., ABT) or an imidazole (e.qg.
mercaptobenzimidazole) from 0 to about 5% or from about 0.5 to about 4% by weight of a
hydroxide (e.g., potassium hydroxide or tetraethylammonium hydroxide); and from about 0 to
about 20%, or from about 2 to about 17% by weight water based on the total weight of the
composition. The hydroxide may be at least one of a metal hydroxide or at least one or a
quaternary ammonium hydroxide or mixtures thereof.
[0021] According to another embodiment of the invention, the composition comprises from
about 10 to about 20% or from about 15 to about 20% by weight of alkanolamine (e.g., MEA)
and/or morpholine (e.g. N-(3-aminopropyl)morpholine) or mixture thereof based on the total
weight of the composition; from about 45 to about 80% or from about 50 to about 60% or from
about 40 to about 65% by weight of the organic solvent (may be mixtures of solvents) (e.g.,
THFA, glycol ether, and/or glycol or other alcohols) based on the total weight of the
composition; from 1 to about 5.5% or from about 0.5 to about 1.5% by weight of one or more
corrosion inhibitors that may be at least one thiazole (e.g., ABT) or at least one imidozole (or
mixtures thereof); from 0 to about 3.5% or from about 0.1 to about 3.5% or from about 0.1 to
about 1.0% by weight of one or more hydroxides (e.g., potassium hydroxide or other metal
hydroxides or quaternary ammonium hydroxides (e.g. choline hydroxide or tetraethylammonium
hydroxide) or mixtures thereof); and from 10 to about 35%, or from about 10 to about 40% or
from about 20 to about 35% by weight water based on the total weight of the composition. In
some embodiments, the composition may be free of (not include) or be substantially free (that is
include less than 0.001% or less than 0.01%) of one or more of the following in any combination
dimethyl acetamide and/or other acetamides and/or dimethylsulfoxide and/or other sulfoxides

and/or N-methylpyrrolidone and/or other pyrrolidones, and/or quaternary hydroxides (and/or
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quaternary ammonium hydroxides) and/or potassium hydroxide and/or metal hydroxides and/or
halogens and/or fluorine and/or chlorine and/or oxidizers (e.g. H>O, or nitric acid) and/or
hydroxylamines and/or formamides.

[0022] The composition may be basic having a pH of about 8.0 or higher, preferably about
8.5 or higher.

[0023] According to another embodiment of the invention, a method of stripping or removing
a film resist, particularly a thick film resist in a wet or dry process includes applying to the film

resist a composition in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0024] The compositions, effective for stripping, cleaning, or removing film resists, include at
least one alkanolamine or at least one morpholine or mixtures thereof; at least one organic

solvent; and optionally water.

[0025] As used herein and in the claims, the terms "comprising," “comprises,” "including,"
and “includes” are inclusive or open-ended and do not exclude additional unrecited elements,
composition components, or method steps. Accordingly, these terms encompass the more
restrictive terms "consisting essentially of” and "consisting of." Therefore, any use of
"comprising," “comprises,” "including," and “includes” may be substituted with "consisting
essentially of” and/or "consisting of." Unless specified otherwise, all values provided herein
include up to and including the endpoints given, and the values of the constituents or
components of the compositions are expressed in weight percent of each ingredient in the
composition.

[0026] The stripping and cleaning composition includes at least one alkanolamine or at least
one morpholine or mixtures thereof. The alkanolamine preferably includes hydroxy and amino
functional groups on an alkane backbone (e.g., comprising 2-5 carbon atoms). The amino
group may be a primary, secondary, or tertiary amino group. Ethanolamines and
propanolamines, such as monoethanolamine, diethanolamine, triethanolamine, mono-
isopropanolamine, di-isopropanolamine, tri-isopropanolamine, and mixtures thereof may be
particularly preferred. In an exemplary embodiment, the alkanolamine comprises an
ethanolamine, such as monoethanol amine (MEA), N-methylethanolamine (NMEA),
triethanolamine (TEA), and mixtures thereof. Preferably, the alkanolamine includes
monoethanol amine (MEA). Example of morpholines include: aminoalkyl morpholine, where the
alkyl group may have 1 to 5 carbons, such as, N-3 aminopropylmorpholine, N-3

aminoethylmorpholine, and 2(Aminomethyl)morpholine.
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[0027] The at least one alkanolamine and/or the at least one morpholine, each alone or in
mixtures may be present in any of the compositions of this invention in any amounts ranging
from about 2 to about 60% or from 3 to about 55% or from about 2 to about 30% or from about
5% to about 30%, or from about 10% to about 20%, or from about 15% to about 20% or from
about 2% to about 8% or from about 2% to about 5% by weight based on the total weight of the
composition. In other embodiments, a mixture of one or more alkanolamines and one or more
morpholines may be present in total weight amounts ranging from about 2 to about 60% or from
3 to about 55% or from about 2 to about 30% or from about 5% to about 30%, or from about
10% to about 20%, or from about 15% to about 20% or from about 2% to about 8% or from
about 2% to about 5% by weight based on the total weight of the composition.

[0028] Examples of useful morpholines include N-(3-aminopropyl)morpholine, N-3
aminoethylmorpholine, and 2(Aminomethyl)morpholine. In other embodiments, the morpholine
may be present from about 2 to about 60% or from about 3 to about 55% or from about 15 to
about 20 or from 3 to 25% by weight alone or in combination with the alkanolamine. The
alkanolamine and/or morpholine functions primarily (1) as a solvent to aid in the removal of the
resist; and (2) as a caustic material to increase the pH, which otherwise would be increased by
higher levels of caustic, for example, KOH and NaOH or quaternary ammonium hydroxide. Low
levels of metal ions are desired in compositions according to the present invention.

[0029] The organic solvent preferably includes at least one or mixtures of more than one
water soluble or water miscible organic solvent. As used herein, water soluble or water miscible
organic solvents include solvents that are able to mix with water and each other and form a
homogeneous solution at standard temperature and pressure. Examples of water soluble or
water miscible organic solvents include, but are not limited to, ethylene glycol, propylene glycol,
dipropylene glycol, 1,4-butanediol, tripropylene glycol methyl ether, tripropylene glycol
monobutyl ether, propylene glycol propyl ether, diethylene glycol n-buty! ether,
hexyloxypropylamine, poly(oxyethylene)diamine, dimethylsulfoxide, tetrahydrofurfuryl alcohol,
glycerol, alcohols (e.g. benyl alcohol), sulfoxides, or mixtures thereof. Preferred solvents are
alcohols, diols, or mixtures thereof. Particularly preferred solvents include glycol ethers or
hydric alcohols having 2 to 8 carbon atoms or sulfoxides (e.g. dimethylsulfoxide), and mixtures
(e.g. of two more or three or more) thereof, for example.

[0030] Examples of glycol ethers include, for example, ethylene glycol monomethyl ether,
ethylene glycol monoethyl ether, ethylene glycol monobuty! ether, ethylene glycol dimethyl
ether, ethylene glycol diethyl ether, diethylene glycol monomethyl ether, diethylene glycol

monoethyl ether, diethylene glycol monopropyl ether, diethylene glycol monoisopropyl ether,
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diethylene glycol monobutyl ether, diethylene glycol monolisobutyl ether, diethylene glycol
monobenzyl ether, diethylene glycol dimethyl ether, diethylene glycol diethyl ether, triethylene
glycol monomethyl ether, triethylene glycol dimethyl ether, polyethylene glycol monomethyl
ether, diethylene glycol methyl ethyl ether, ethylene glycol monomethyl ether acetate, ethylene
glycol monoethyl ether acetate, propylene glycol methyl ether acetate, propylene glycol
monomethyl ether, propylene glycol dimethyl ether, propylene glycol monobutyl ether, propylene
glycol monopropyl ether, dipropylene glycol monomethyl ether, dipropylene glycol monopropy!
ether, dipropylene glycol monoisopropyl ether, dipropylene glycol monobutyl ether, dipropylene
glycol diisopropyl ether, tripropylene glycol monomethy! ether, tripropylene glycol monobutyl
ether, 1-methoxy-2-butanol, 2-methoxy-1 -butanol, 2-methoxy-2-methylbutanol, 1,1 -
dimethoxyethane and 2-(2-butoxyethoxy) ethanol. In an exemplary embodiment, the glycol
ether includes tri(propylene glycol) methyl ether (t-PGME).

[0031] A suitable monohydric alcohol having one hydroxy group, 2 to 8 carbon atoms, and
optionally, a heterocyclic compound, includes tetrahydrofufuryl alcohol (THFA). THFA is
particularly preferred because it is biodegradable and water-miscible with high solvency.
Additionally, THFA is not listed as a carcinogen and is not classified as a hazardous waste.
[0032] The solvent functions primarily to dissolve the organic polymer in the resist layer,
thereby removing the layer from the substrate.

[0033] It is believed that, for most applications, the amount of organic solvent will comprise
from about 5% to about 95% or from about 5% to about 80% by weight of the composition. In
some embodiments, the solvent may comprise from about 20% to about 80% by weight, or
from about 50% to about 75% by weight or from about 50% to about 60% by weight of the
composition. In alternative embodiments, the compositions may comprise from about 20 to
about 50% or from about 40 to about 60% or from about 40 to about 65% or 45 to about 80% or
from about 70% to about 95% or about 75% to about 94% by weight of the composition. Often
the compositions having about 70% to about 95% by weight organic solvent comprise more
than one organic solvent, although mixtures of solvents may be used in any weight percent.
Preferred mixtures of solvents comprise at least one glycol ether, at least one glycol and
optionally an alcohol. (Examples of mixtures of organic solvents include proplylene glycol
monophenylether with dipropylene glycol; and tripropylene glycol monobutyl ether with both
benzyl alcohol and dipropylene glycol).

[0034] In one preferred embodiment, the compositions of the present invention may be free
or substantially free of dimethyl acetamide (DMAC) as the solvent. Cleaning compositions

containing dimethyl acetamide (DMAC) are used widely for removing residue from



i sophthalic acid 1.00 isophthalic acid 1.00 isophthalic acid 1.00 DI Water
28.50 DI Water 28.50 DI Water 28.90 Exanple ..I Exanple K Exanple L DPM
30.00 DPM 30.00 DPM 47.00 ART 1.00 ART 1.00 ABT 1.00 Gallic acid 1.50
Gllic acid 1.50 Gallic acid 1.50 KOH 0.00 KOH 0.40 KOH

semiconductor substrates. DMAC is particularly suitable for such applications because it is
highly polar, which makes it an excellent solvent for organic residues. DMAC is also desirable
because it has a high flashpoint, it is water soluble, it has a low viscosity, and it is relatively
inexpensive. Unfortunately, however, DMAC is classified as a toxic material in both the United
States and in Europe. In this regard, DMAC has a National Fire Protection Association (NFPA)
health rating of 2 and its Material Safety Data Sheet (MSDS) indicates that it is easily absorbed
through the skin. Toxicity data also suggests that DMAC may be an embryotoxin and, as such,
its use has been discouraged in Europe and has received extensive scrutiny in the United
States and Asia. As a result, the electronics industry, for example, avoids cleaning
compositions that include DMAC. Accordingly, the preferred compositions described herein
preferably do not include DMAC.

[0035] In other embodiments, the compositions of the present invention may be free or
substantially free of dimethylsulfoxide (DMSO) and/or N-methylpyrrolidone (NMP) and/or other
polar aprotic solvents as the solvent component.

[0036] The composition may optionally include water. In certain embodiments, the
compositions are aqueous-based or semi-aqueous and, thus, comprise water. The water may
function in various ways such as, for example, to dissolve one or more components, as a carrier
of the components, as a viscosity modifier, and as a diluent. Preferably, the water employed in
the cleaning composition is de-ionized (DI) water. In other embodiments, the compositions do
not include any water or negligible amounts of water and are only solvent-based.

[0037] It is believed that, for most applications, water will comprise, for example, from about
0 to about 60% or from about 1 to about 55% or from about 1 to about 60% by weight of water.
Preferred embodiments of the present invention could comprise from about 2 to about 40% or
from about 5 to about 40% or from about 10 to about 40% by weight of water. Other preferred
embodiments of the present invention could comprise from about 10 to about 35% by weight of
water. Yet other preferred embodiments of the present invention could comprise from about
20% to about 35% or from about 25% to about 35% by weight of water. Still other preferred
embodiments of the present invention could comprise from about 23% to about 33% by weight
of water. Other embodiments may comprise from about 1% to about 20% or about 2% to about
17% by weight water. Still other preferred embodiments of the present invention could include
water in an amount necessary to achieve the desired weight percent of the other ingredients. In
other words, the remainder of the composition may include water when the composition is
agueous or semi-aqueous. In some embodiments, comprising solvent and water, the solvent

and water may be present between from about 40 to 90% or from about 70 to 85% by weight
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based on the total weight of the composition. In some of the embodiments, the solvent is
present at a greater weight percentage than water. In some embodiments, the solvent is
present at greater than 1.5 or greater than 2 times the weight percent of the water present in the
composition. Additionally or alternatively, in some embodiments of the composition of this
invention, the weight percent of solvent present may be greater than the amount of the
alkanolamine and/or morpholine present and in some embodiments may be greater than 2
times, and for some embodiments, between 2 and 6 times, and for still other embodiments
between 2 and 4 times, the weight percent of the alkanolamine and/or morpholine present.
[0038] The composition may further include at least one hydroxide, preferably a non-toxic
hydroxide, for example a metal hydroxide, such as potassium hydroxide, calcium hydroxide,
ammonium hydroxide or quaternary ammonium hydroxide.

[0039] In an exemplary embodiment, the hydroxide is potassium hydroxide, which may be
used as an aqueous solution, for example a 20% aqueous solution. The metal hydroxide may
be present in any of the compositions of this invention in amounts ranging from about 0% to
about 5%, or from about 0.01% to about 5% or from about 0.01% to about 4%, or from about
0.9 to about 4% or from about 0.01% to about 0.8%, or from about 0.04% to about 0.5%, or
from about 0.1% to about 0.2% by weight - based on the total weight of the composition. More
preferably, the metal hydroxide is present, but in an amount not greater than 0.5% by weight. In
certain preferred compositions, the metal hydroxide is present at about 0.1 to 0.4% by weight.
[0040] In some embodiments, the hydroxide does not comprise one or more quaternary
compounds (that is it is free or substantially free of quaternary ammonium compounds);
however, in some embodiments quaternary ammonium compounds may be useful as the
hydroxide in amounts for example, between from about 0.1% to about 6% or from about 0.1% to
about 5% by weight of the composition or from about 0.9% to about 4% by weight of the
composition. The quaternary ammonium compounds may be used alone or in mixtures with
one or more other quaternary ammonium hydroxides, one or more ammonium hydroxides and
one or more metal hydroxides. In alternative embodiments, the compositions are free or
substantially free of metal hydroxides. In some embodiments, the compositions are free of or
substantially free of hydroxides. In some embodiments, when one or more hydroxides are used
together in the composition of this invention, the total weight percent of hydroxides may be
between from about 0.1% to about 6% or from about 0.1% to about 5% or from about 0.9% to
about 4% by weight of the composition. In some embodiments, when one or more metal
hydroxides are present in a composition with one or more ammonium hydroxides or quaternary

ammonium hydroxides, then the one or more metal hydroxides may be present at less than the
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weight of the total weight of the one or more ammonium hydroxides or quaternary ammonium
hydroxides in the composition or less than 50% or less than 75% or less than 90% of the total
weight of the one or more ammonium hydroxides or quaternary ammonium hydroxides in the
composition.

[0041] Examples of useful quaternary ammonium compounds may be those compounds
having the formula [N-R'R?R’R*]'"OH" wherein R', R? R®, and R* are each independently an
alkyl group, a hydroxyalkyl group, and combinations thereof. The term “alkyl” as used herein
refers to straight or branched chain unsubstituted hydrocarbon groups of 1 to 20 carbon atoms,
or from 1 to 8 carbon atoms, or from 1 to 4 carbon atoms. Examples of suitable alky! groups
include methyl, ethyl, propyl, isopropyl, butyl, and tertbutyl. The term “hydroxyalkyl” as used
herein refers to straight or branched unsubstituted hydroxyl-group-containing hydrocarbon of
from 1 to 20 carbon atoms, or from 1 to 8 carbon atoms, or from 1 to 4 carbon atoms, or from 1
to 3 carbons or 1 to 2 carbons. Examples of suitable hydroxylalkyl groups include hydroxylethyl
and hydroxypropyl. Examples of suitable quaternary ammonium hydroxide compounds include
tetramethylammonium hydroxide (TMAH), tetraethylammonium hydroxide (TEAH),
tetrabutylammonium hydroxide (TBAH), tetrapropylamonium hydroxide,
trimethylethylammonium hydroxide, (2-hydroxyethyl)trimethylammonium hydroxide, (2-
hydroxyehyl)triethylammonium hydroxide, (2-hydroxyethyl)triporpylammonium hydroxide, (1-
hydroxypropyl)trimethylammonium hydroxide, ethyltrimethylammonium hydroxide,
diethyldimethylammonium hydroxide and benzyltrimethylammonium hydroxide.

[0042] The cleaning composition of the present invention also optionally includes a corrosion-
inhibitor or mixtures of 2 or more corrosion inhibitors. The use of a corrosion-inhibitor may be
preferred when the composition is used to clean a film resist on a metallic substrate. Examples
of corrosion-inhibitors include aromatic hydroxyl compounds, acetylenic alcohols, carboxyl
group-containing organic compounds and anhydrides thereof, and friazole and thiazole and

imidazoles compounds.

[0043] Exemplary aromatic hydroxyl compounds useful as corrosion inhibitors in the
compositions of this invention, include phenol, cresol, xylenol, pyrocatechol, t-butylcatechol,
resorcinol, hydroquinone, pyrogallol, 1,2,4-benzenetriol, salicyl alcohol, p-hydroxybenzyl
alcohol, o-hydroxybenzyl alcohol, p-hydroxyphenethyl alcohol, p-aminophenol, m-aminophenal,
diaminophenol, amino resorcinol, p-hydroxybenzoic acid, o-hydroxybenzoic acid 2,4-
dihydroxybenzoic acid, 2-5-dihydroxybenzoic acid, 3,4-dihydroxybenzoic acid and 3,5-

dihydroxybenzoic acid.
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[0044] Exemplary acetylenic alcohols useful as corrosion inhibitors in the compositions of this
invention, include 2-butyne-1,4-diol, 3,5-dimethyl-1-hexyn-3-ol, 2 methyl-3-butyn-2-ol, 3-methyl-
1-pentyn-3-ol, 3,6-dimethyl-4-octyn-3,6-diol, 2,4-7,9-tetramethyl-5-decyne-4,7-diol and 2,5-
dimethyl-3-hexyne 2,5-diol.

[0045] Exemplary carboxyl group-containing organic compounds and anhydrides thereof
useful as corrosion inhibitors in the compositions of this invention, include formic acid, acetic
acid, propionic acid, butyric acid, isobutyric acid, oxalic acid, malonic acid, succinic acid, glutaric
acid, maleic acid, fumaric acid, benzoic acid, phthalic acid, isophthalic acid, 1,2,3-
benzenetricarboxylic acid, glycolic acid, lactic acid, maleic acid citric acid, acetic anhydride,

tannic acid and salicylic acid.

[0046] Exemplary triazole compounds useful as corrosion inhibitors in the compositions of this
invention, include benzotriazole, o-tolyltriazole, m-tolyltriazole, p-tolyltriazole,
carboxybenzotriazole, 1-hydroxybenzotriazole, nitrobenzotriazole and

dihydroxypropylbenzotriazole.

[0047) Exemplary thiazole compounds useful as corrosion inhibitors in the compositions of
this invention, include 2-aminobenzothiazole, 2-mercaptobenzothiazole; 2,5-dimercapto-1,3,4-

thiazole; and 2-aminothiazole.

[0048] Exemplary imidazole compounds useful as corrosion inhibitors in the compositions of
this invention, include mercapto benzimidizole, 1-(-tolyl)-4-methylimidazole, 1-phenyl-4-
methylimidazole, 4-methyl-5-hydroxymethylimidazole, 2-merceto-1-methylimidazole, 4-

methylimidazole, benzimidazole, and 2-mercapto benzimidazole.

[0049] Preferred inhibitors are aminobenzothiazole, aminobenzene sulfonic acid, catechol, t-
butylcatechol, gallic acid, isophthalic acid, tannic acid, benzotriazole, benzamidazole, (e.g. 2-
mecaptobenzimidazole, pyrogallol, 4-methyl catechol, fumaric acid and diethylhydroxylamine
(DEHA) and mixtures thereof. It is preferred that an inhibitor other than benzotriazole be used
when cleaning a substrate comprising copper because benzotriazole has a tendency to bind to

copper.

[0050] In an exemplary embodiment, the corrosion inhibitor is selected from the group
consisting of thiazoles, organic acid salts, catechol, benzotriazole (BZT), benzimidazole,
resorcinol, other phenols, acids or triazoles, maleic anhydride, phthalic anhydride, catechol,
pyrogallol, esters of gallic acid, carboxybenzotriazole, fructose, ammonium thiosulfate, glycine,

tetramethylguanidine, iminodiacetic acid, dimethylacetoacetamide, trihydroxybenzene,
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dihydroxybenzene, salicyclohydroxamic, and mixtures thereof. In a preferred embodiment, the
corrosion inhibitor includes 2-aminobenzothiazole (ABT) or 2-mercaptobensimidazole, alone or

in a mixture with other corrosion inhibitors.

[0051] Itis believed that for most applications, one or more corrosion-inhibitors will comprise
from about 0 to about 10% by weight of the composition; preferably one or more corrosion
inhibitors comprise from about 0.1 to about 6% by weight. In some embodiments the preferred
range for corrosion inhibitors may be from about 0.1 to about 5% by weight, and others, the
corrosion inhibitor may preferably be from about 0.5 to about 2% by weight of the composition.

[0052] The composition may optionally include an organic acid as the corrosion inhibitor
alone or in combination with other corrosion inhibitors. Exemplary organic acids include, but are
not limited to, citric acid, anthranilic acid, gallic acid, benzoic acid, malonic acid, maleic acid,
fumaric acid, D,L-malic acid, isophthalic acid, phthalic acid, and lactic acid. In one embodiment,
the organic acid is selected from the group consisting of gallic acid, isophthalic acid, and
mixtures thereof. The organic acid may be present in amounts ranging from about 0% to about
5%, preferably about 0.1% to about 3%, and more preferably about 0.5% to about 2% by weight
based on the total weight of the composition. The one or more organic acids may only be one
or more of a mixture of corrosion inhibitors present in the composition. For example, in some
embodiments the corrosion inhibitors may comprise a mixture of one or more organic acid(s)
with one or more catechols and/or one or more thiazoles.

[0053] The composition may also include one or more of the following optional additives:
surfactants, chelating agents, chemical modifiers, dyes, biocides, and other additives. Additives
may be added to the composition described herein provided that such additives do not
adversely affect the stripping and cleaning ability of the composition or the integrity of the
underlying substrate. One type of additive that may be added to the compositions include
additives to tune the electrochemical properties of the composition depending upon the metal
compositions present on the substrate to be cleaned. One type of additive includes amino
acids, such as taurine, glycine, and analine. If present, the amino acid or other electrochemical
tuning component is present in the composition from about 0.001 to about 1% by weight of the
total composition. In one embodiment of the invention, when the amino acid is present, the
composition will be substantially free of or free of a corrosion inhibitor.

[0054] According to other embodiments of the invention, the composition includes about 10-
20% by weight of one or more alkanolamines (e.g., MEA) or one or more morpholines or
mixtures thereof based on the total weight of the composition; about 50-75% by weight of the

-13-
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one or more organic solvents (e.g., THFA) based on the total weight of the composition; about
0-1.5% by weight of a thiazole (e.g., ABT); about 0-2% by weight of one or more hydroxide
(e.g., potassium hydroxide); and about 0-60% by weight water based on the total weight of the
composition.

[0055] According to another embodiment of the invention, the composition comprises or
consists essentially of about 5-30% by weight of a one or more alkanolamines (e.g., MEA) or
one or more morpholines or mixtures thereof based on the total weight of the composition,;
about 20-80% by weight of a water soluble or water miscible organic solvent (e.g., THFA) based
on the total weight of the composition (or mixtures of solvents); about 0.1-1.5% by weight of a
corrosion inhibitor (e.g., ABT) or mixtures of corrosion inhibitors; about 0.1-2% by weight of one
or more hydroxides (e.g., potassium hydroxide); about 0-5% by weight of an organic acid (e.g.,
gallic acid or isophthalic acid); and about 0-60% by weight water based on the total weight of
the composition.

[0056] According to another embodiment of the invention, the composition includes from
about 2 to about 8% or from about 2 to about 5% by weight of at least one alkanolamine (e.g.,
MEA) or at least one morpholine (e.g. N-(3-aminopropyl)morpholine) or mixtures thereof based
on the total weight of the composition; from about 70 to about 94% or from about 75 to about
92% by weight of the organic solvent (may be mixtures of solvents) (e.g., THFA, glycol ether,
and/or glycol or other alcohols) based on the total weight of the composition; from 0 to about
1.5% or from about 0.5 to about 1.5% by weight of a corrosion inhibitor (or mixtures of corrosion
inhibitors) that may be a thiazole (e.g., ABT) or a imidazole; from 0 to about 5% or from about
0.5 to about 4% by weight of one or more hydroxides (e.g., potassium hydroxide or other metal
hydroxide and/or tetraethylammonium hydroxide or other quaternary ammonium hydroxide);
and from about 0 to about 20%, or from about 2 to about 17% by weight water based on the
total weight of the composition.

[0057] According to another embodiment of the invention, the composition comprises or
consists essentially of from about 2 to about 8% or from about 2 to about 5% by weight of one
or more alkanolamines (e.g., MEA) or one or more morpholines (e.g. N-(3-
aminopropyl)morpholine) or mixtures thereof based on the total weight of the composition; from
about 70 to about 94% or from about 75 to about 92% by weight of the organic solvent (may be
mixtures of solvents) (e.g., glycol ether, and/or glycol or other alcohols) based on the total
weight of the composition; from 0 to about 1.5% or from about 0.5 to about 1.5% by weight of
one or more corrosion inhibitors that may be a thiazole (e.g., ABT) and/or a benzimidazole

and/or others; from 0 to about 5% or from about 0.5 to about 4% by weight of one or more
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hydroxides (e.g., potassium hydroxide or other metal hydroxide and/or tetraethylammonium
hydroxide or other quaternary ammonium hydroxide); and from 0 to about 20%, or from about 2
to about 17% by weight water based on the total weight of the composition.

[0058] According to another embodiment of the invention, the composition includes from
about 15 to about 20% by weight of one or more alkanolamines or one or more morpholines or
mixtures thereof based on the total weight of the composition; from about 40 to about 65% by
weight of the organic solvent or mixtures of solvents (for examples, DMSO or tri(propylene
glycol) methyl ether or THFA) based on the total weight of the composition; from 1 to about
5.5% by weight of one or more corrosion inhibitors (for examples ABT, isophthalic acid, t-butyl
catechol and 2-mercaptobenzimidazole); from about 0.05 (or about 0.08) to about 3.5% or from
about 0.08 to about 0.4% by weight of one or more hydroxides (e.g., potassium hydroxide or
other metal hydroxide and/or tetraethylammonium hydroxide or other quaternary ammonium
hydroxide, such as choline hydroxide); and from about 10 to about 40% by weight water based
on the total weight of the composition. In some embodiments, the hydroxide is a metal
hydroxide, preferably potassium hydroxide, free from one or more quaternary ammonium
hydroxides. In some embodiments, the hydroxide is present from about 0.05 to about 0.25 or
from about 0.08 to about 0.22 or from about 0.1 to about 0.2 % by weight of the composition.
[0059] According to another embodiment of the invention, the composition includes from
about 2 to about 10%, or from about 2 to about 8%, or from about 2 to about 5%, or from about
3 to about 5% by weight of one or more alkanolamines or one or more morpholines or mixtures
thereof based on the total weight of the composition; from about 65 to about 90% by weight, or
from about 70 to about 95%, or from about 70 to about 85%, or from about 75 to about 92%, or
from about 75 to about 82% by weight of the organic solvent or mixtures of solvents (for
examples, at least one glycol ether, at least one glycol, or at least one alcohol, where the
mixtures may be 2 or more of each of those types of solvents, e.g. 2 or 3 solvents) based on the
total weight of the composition; from about 0.5 to about 2 or from about 0.5 to about 1.5% by
weight of one or more corrosion inhibitors (for examples, ABT, isophthalic acid, t-butyl catechol
and imidizoles, e.g., 2-mercaptobenzimidazole); from about 0.05 to about 4%, or from about 2 to
about 4%, or from about 2.6 to about 4% by weight of one or more hydroxides (e.g., potassium
hydroxide or other metal hydroxide and/or tetraethylammonium hydroxide or other quaternary
ammonium hydroxide, such as choline hydroxide); and from about 2 to about 17%, or from
about 8 to about 17% by weight water based on the total weight of the composition. In some
embodiments, the hydroxide is at least one quaternary ammonium hydroxide, for example,

tetraethylammonium hydroxide, and the composition may be free from metal hydroxides. In
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[0071] Based on the above conpositions, the following results were obtained
as sunmmarized in Table 2. The "Thick Resist Filnf columm indicates whether
the resist was conpletely renoved (100% cl eaned), if a slight residue of

the resist remained (i.e., about 90% cleaned), or if the resist was only
partially renoved (partially cleaned) (i.e., fromabout 75 to 85% cl eaned)
and sone resist remai ned on the substrate. The "Metal post" colum
designates if any damage occurred to the underlying substrate (post) where
etching or corrosion is not desired and, thus, not etched"” indicates the
desi r edongtararasiments, ghe qt@ltergamnwmmwa@vdrpélﬂer%seﬂeﬂefdfm tetreethvhan about 10%
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specifically defined for some embodiments of the compositions, it is understood that narrower or

broader ranges for particular components and specific relationships between the amounts and
types of the components as defined elsewhere in this specification can be substituted into the
specifically defined compositions to make alternative embodiments of the invention.

[0061] The cleaning composition of the present invention may be prepared by mixing the
components together, simultaneously or sequentially, for example, in a vessel at room
temperature until all solids have dissolved in the solvent-based or aqueous-based medium.
[0062] Preferably, the composition is basic with a pH greater than 7. In an exemplary
embodiment, the composition has a pH of about 8.0 or higher, more preferably about 8.5 or
higher. Accordingly, the composition may include a buffering agent, if necessary, to adjust the
pH of the solution.

[0063] The compositions described herein are suitable for stripping, cleaning, or removing
film resists, especially thick film resists. The resists may be comprised of any compositions
known in the art. For example, the resist may include compositions suitable as positive or
negative photoresists. The resist may comprise resins or polymers (e.g., novolak resins,
styrenes, carbonates, epoxys, and acrylates), photoactive components (e.g.,
diazonaphtoquinone), and solvents (e.g., ethyl cellosolve acetate and diglyme). The resists
may be “thick” film resists applied (in one or more applications) at a thickness, for example, up
to about 150 um (e.g., ultra-thick photoresists may have a thickness in the range of 20 to 100
um). The resists may be highly cross-linked. The term “highly cross-linked” refers to resists
with a high degree of linking between polymer chains in the resin or the resin with the
photoactive components (e.g., greater than 50% cross-linked). The resists may be applied to a

suitable substrate known in the art. For example, the substrate may be comprised of a metal or
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resist. Exanples B, P, 0, R 5, A, A2, and A3 perforned the best, with
conplete cleaning and renoval of the filmresist and no damage or etching
to the underlying nmetal post or substrate. Exanples L, T, U and Walso
wor ked well with only a slight residue of the resist renmaining and no
damage or etching to the netal post. Exanmples O, H I, J, and K only
partially cleaned or renoved the resist, and Exanples D. E, and F etched
or corroded the underlying netal post. Exanples C M N, 0, V, Y, and Z
were effective at cleaning the filmresist, but slightly etched the netal
post . TFhessepqued thereof sueh @atia/shvep &g leaf (l?wenlakerwﬂ&loaﬁwécw Hansmydhi c
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PRCPYL %ﬂgst%tg % bmtﬁmlr dipped into a vessel or bath containing the composition at a

temperature greater than about 35°C (e.g., ranging from about 35°C to 85°C). Typical time

periods for exposure of the substrate to the composition may range from, for example, 0.1 to 90

minutes, or 0.1 to 60 minutes, or 1 to 30 minutes, or 5 to 10 minutes. After contact with the

composition, the substrate may be rinsed and then dried.

[0065] The contacting step may be carried out by any suitable means such as, for example,

immersion, spray, or via a single wafer process; any method that utilizes a liquid for removal of

photoresist, ash or etch deposits and/or contaminants can be used. The contacting step may

be used in a wet or dry stripping process. The wet stripping technique may include submersing

the substrate and resist in a bath. The dry stripping technique may include using the

composition in combination with a chemically reactive or inert gas. In either process, the

composition should be used to remove the resist from the substrate without corroding,

dissolving, and/or dulling the surface of any metallic circuitry; chemically altering the inorganic

substrate; and/or attacking the substrate itself.

[0066] The rinsing step may be carried out by any suitable means, for example, rinsing the

substrate with de-ionized water by immersion or spray techniques. In preferred embodiments,

the rinsing step is carried out employing a mixture of de-ionized water and/or a water miscible

organic solvent such as, for example, isopropyl alcohol. In certain embodiments, a deionized

water rinse or rinse containing deionized water with other additives may be employed before,

during, and/or after contacting the substrate with the composition described herein.

[0067] The drying step may be carried out by any suitable means, for example, isopropyl

alcohol (IPA) vapor drying or by centripetal force. Drying may be carried out under an inert

atmosphere.

-17-
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N1 ONOPHENYL ETHER 38. 30 D1PROPYLENE GLYCOL 38. 30

[0068] It will be appreciated by those skilled in the art that the cleaning composition of the
present invention may be modified to achieve optimum removal of the resist film without
damaging the substrate so that high throughput cleaning can be maintained in the
manufacturing process. For example, one skilled in the art would appreciate that, for example,
modifications to the amounts of some or all of the components may be made depending upon
the composition of the substrate being cleaned, the nature of the resist to be removed, and the
particular process parameters used.
[0069] Although the present invention has been principally described in connection with
cleaning semiconductor substrates, the cleaning compositions of the invention can be employed
to clean any substrate that includes resist films.

EXAMPLES
[0070] The following examples are provided for the purpose of further illustrating the present
invention but are by no means intended to limit the same. Compositions A-Z and A1-A3 are
provided in Table 1 and A14 — A19 are provided in Table 3 where the following acronyms are

used:

NMP: N-methylpyrollidone;

DMSO: dimethylsulfoxide;

ABT: 2-aminobenzothiazole;

MBI: 2-mercaptobenzimidazole
MEA: monoethanolamine;

KOH: potassium hydroxide;

TBC: t-butylcatechol;

PG: propylene glycol;

DPM: di(propylene glycol) methyl ether;
THFA: tetrahydrofurfuryl alcohol;

APM: N-3-aminopropylmorpholine
t-PGME: tri(propylene glycol)methyl ether; and

DI water: deionized water.
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2- Mer capt obenzi t ni dazol e 1, 00 Tetraet hyl arranoni urn hydroxi de 3. 88

N- ( 3- Ami nopr opyl ) nor phol i ne3 DI WL5. 52 A9 TRI PROPYLENE GLYCOL MONOBUTYL
ETHER ( TPnB) 28. 26 BENZYL ALCOHOL23, 55 DI PROPYLENE GLYCOL37, 68

ETHANOLAM NE4. 71 2- Merca ptobenzi md a zol e 1.00 Tetranet hyl anmoni um
hydr oxi de DI W TRI PROPYLENE GLYCOL MONOBUTYL ETHER (TPnB) BENZYL ALCOHCL

Dl PROPYLENE GLYCOL ETHANOLAM NE4. 22 2- Mer capt obenzi m dazol el. 00

Tet r aet hyl ammoni um hydr oxi de2. 90 DIWL1. 60 Al TRI PROPYLENE GLYCOL MONOBUTYL
ETHER ( TPnB) BENZYL ALCOHOL DI PROPYLENE GLYCOL N-( 3- Ani nopropyl ) nor phol i ne
4.22 (APM 2- Mercapt obenzi mi dazol el. TRPlerdt r aet hyl anmmoni um hydr oxi de2. 90

DI WL1. 60 TaurineO.01 tripropyl ene glycol nononethyl 40.00 ether KOHO. 10

Example A Example B Example C
Choline hydroxide 5.00 Choline hydroxide 3.00 Choline hydroxide 3.00
NMP 61.00 DMSO 61.00 DMSO 61.00
ABT 1.00 ABT 1.00 ABT 1.00
isophthalic acid 1.00 isophthalic acid 1.00 isophthalic acid 1.00
TBC 3.50 TBC 3.50 TBC 3.50
MEA 20.00 MEA 20.00 MEA 20.00
KOH 0.20 KOH 0.10 KOH 0.30
DI Water 8.30 DI Water 10.40 DI Water 10.20

Example D Example E Example F
Choline hydroxide 5.00 Choline hydroxide 5.00 NMP 65.00

aminobenzene

NMP 61.00 DMSO 61.00 sulfonic acid 0.60
ABT 1.00 ABT 1.00 catechol 5.00
isophthalic acid 1.00 isophthalic acid 1.00 PG 7.00
TBC 3.50 TBC 3.50 MEA 12.00
MEA 20.00 MEA 20.00 KOH 1.00
KOH 0.20 KOH 0.20 DI Water 9.40
DI Water 8.30 DI Water 8.30

Example G Example H Example |
choline hydroxide 0.60 choline hydroxide 0.60 choline hydroxide 0.60
DPM 45.00 DPM 47.00 DPM 47.00
ABT 1.00 ABT 1.00 ABT 1.00
TBC 3.50 Gallic acid 1.50 Gallic acid 1.50
KOH 0.40 KOH 0.40 KOH 0.00
MEA 20.00 MEA 20.00 MEA 20.00
isophthalic acid 1.00 isophthalic acid 1.00 isophthalic acid 1.00
DI Water 28.50 DI Water 28.50 DI Water 28.90

Example J Example K Example L
DPM 30.00 DPM 30.00 DPM 47.00
ABT 1.00 ABT 1.00 ABT 1.00
Gallic acid 1.50 Gallic acid 1.50 Gallic acid 1.50
KOH 0.00 KOH 0.40 KOH 0.00
MEA 15.00 MEA 20.00 MEA 20.00
isophthalic acid 1.00 isophthalic acid 1.00 isophthalic acid 1.00
DI Water 51.50 DI Water 46.10 DI Water 29.50

Example M Example N Example O
THFA 20.00 t-PGME 20.00 THFA 55.00
ABT 1.00 ABT 1.00 ABT 1.00
KOH 0.40 KOH 0.40 KOH 0.20

-19-



Monoet hanol am ne20. 00 D

t enperat ure

performance A4 60 15
75 60 light residue A6
MEA 55.00
DI Water 23.60
Example P
THFA 55.00
ABT 1.00
KOH 0.20
MEA 15.00
DI Water 28.80
Example S
THFA 50.00
ABT 1.00
KOH 0.20
MEA 15.00
DI Water 33.80
Example V
THFA 73.00
ABT 1.00
KOH 0.40
MEA 10.00
PG 14.00
DI Water 1.60
Example Y
t-PGME 63.00
ABT 1.00
KOH 0.40
MEA 10.00
PG 14.00
DI Water 11.60
Example A2
THFA 60.00
ABT 1.00
KOH 0.20
MEA 15.00
DI Water 23.80
[0071]

wat er 39. 89

not dean 60 60 notcl ean
MEA 55.00
DI Water 23.60
Example Q
t-PGME 55.00
ABT 1.00
KOH 0.20
MEA 15.00
DI Water 28.80
Example T
t-PGME 50.00
ABT 1.00
KOH 0.20
MEA 15.00
DI Water 33.80
Example W
THFA 64.00
ABT 1.00
KOH 0.20
MEA 10.00
PG 14.00
DI Water 10.80
Example Z
t-PGME 73.00
ABT 1.00
KOH 0.40
MEA 10.00
PG 14.00
DI Water 1.60
Example A3
THFA 50.00
ABT 1.00
KOH 0.20
MEA 20.00
DI Water 28.80

Al3 t-PGQVE 45. 00 Am nobenzot hi azol e
1.00 KOH 0.10 N-(3-Am nopropyl)norpholine 15.00 DI
Tabl e 4 process tinme cleaning formul ations

wat er 38. 90 process
(T) (mn)
75 60 partial clean- AS
MEA 20.00
DI Water 23.80
Example R
t-PGME 60.00
ABT 1.00
KOH 0.20
MEA 15.00
DI Water 23.80
Example U
t-PGME 50.00
ABT 1.00
KOH 0.20
MEA 20.00
DI Water 28.80
Example X
THFA 63.00
ABT 1.00
KOH 0.40
MEA 10.00
PG 14.00
DI Water 11.60
Example A1
t-PGME 55.00
ABT 1.00
KOH 0.20
MEA 20.00
DI Water 23.80

Based on the above compositions, the following results were obtained as

summarized in Table 2. The “Thick Resist Film” column indicates whether the resist was

completely removed (100% cleaned), if a slight residue of the resist remained (i.e., about 90%
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75 60 light residue A7 75 30 light residue 75 60 clean AS 75 30 clean
A9 60 15 not clean 60 60 partial clean- A10 75 30 partial clean Al 75
30 clean [0075] Exanpl es A4-All were effective in at |east partial renoval
of the resist. Exanple A7, AS and All performed the best with conplete
cleaning of the resist film Exanple Al4Exanpl e Al5Exanpl e Al6

- r HFA20. 00t - PGVE2000. t - PGVE2000. ACT1. 00ABT1. 00ACT1. 00

KOHO. 40KOHO. 40KOHO. 40 APMb5. 00APMBS5. O0APMRS. 00 DI Wt er 23. 60DI

Wat er 23. 60l vi EA30. 00
cleaned), or if the resist was only partially removed (partially cleaned) (i.e., from about 75 to

85% cleaned) and some resist remained on the substrate. The “Metal post’ column designates
if any damage occurred to the underlying substrate (post) where etching or corrosion is not
desired and, thus, “not etched” indicates the desired outcome. Here, “slightly etched” refers to
from less than about 10% to about 15%, and “etched” refers to at least about 60% corroded.

Table 2
Strippers Thick Resist Film Metal post
Example A Cleaned Slightly etched
Example B Cleaned Not etched
Example C Cleaned Slightly etched
Example D Cleaned Etched (corroded)
Example E Cleaned Etched (corroded)
Example F Cleaned Etched (corroded)
Example G Partially cleaned Slightly etched
Example H Partially cleaned Slightly etched
Example | Partially cleaned Not etched
Example J Partially cleaned Not etched
Example K Partially cleaned Slightly etched
Example L Slight residue Not etched
Example M Cleaned Slightly etched
Example N Cleaned Slightly etched
Example O Cleaned Slightly etched
Example P Cleaned Not etched
Example Q Cleaned Not etched
Example R Cleaned Not etched
Example S Cleaned Not etched
Example T Slight residue Not etched
Example U Slight residue Not etched
Example V Cleaned Slightly etched
Example W Slight residue Not etched
Example X Slight residue Slightly etched
Example Y Cleaned Slightly etched
Example Z Cleaned Slightly etched
Example A1 Cleaned Not etched
Example A2 Cleaned Not etched
Example A3 Cleaned Not etched
Example A12 Cleaned Not etched
Example A13 Cleaned Not etched

As is evident, all of the examples were effective in at least partial removal of the

resist. Examples B, P, Q, R, S, A1, A2, and A3 performed the best, with complete cleaning and
removal of the film resist and no damage or etching to the underlying metal post or substrate.
Examples L, T, U, and W also worked well with only a slight residue of the resist remaining and

no damage or etching to the metal post. Examples G, H, |, J, and K only partially cleaned or
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DI Water23. 60 Exanpl e Al |l Exanpl e Al18Exanpl e 419
t - PGVE40. 00t - PGVE40. 00t - PGVE40. 00 t anni ¢ aci d3. 00MBI 3. 00MCI 3. 00

KOH1. O0OKOHO. 101 mi dazol e2. 00 MEA20. 00MEA20. OOKOHD. 10 DI wat er 36. 00Di
wat er 36. 90MEA20. 00 DI wat er 34. 90 [ 0076] These fornul ati ons were used to
process wafer pieces at 75 C for 15 m nutes. The observed results are

summari zed in the Tabl e bel ow, Strippers
Al4 Exanpl e Al5 Exanpl e Al6 Exanple Al7 Exanpl e Al8 Exanple Al9
Thi ck Resist Film C eaned

Exanpl e

removed the resist, and Examples D, E, and F etched or corroded the underlying metal post.
Examples C, M, N, O, V, Y, and Z were effective at cleaning the film resist, but slightly etched

the metal post. These results indicate a balance of the alkanolamine, the organic solvent, and

other optional ingredients produce superior results in both stripping and cleaning the film resist

and minimizing or avoiding damage to the underlying substrate.

[0073] Examples P, Q, R, S, A1, A2, and A3, providing excellent results with complete

cleaning of the film resist and no etching of the underlying metal post, included 15-20% by

weight of monoethanol amine as the alkanolamine; 50-60% by weight of THFA or t-PGME as

the organic solvent; 1% by weight of ABT as the corrosion inhibitor; 1% of potassium hydroxide

(20%) as the hydroxide; and 23-33% by weight water.

[0074] Additional formulations were prepared as follows in Table 3 and most were tested in

the same way as described above for the formulations tested above. The results are in Table 4.

Table 3

A4
PROPYLENE GLYCOL MONOPHENYL
ETHER 45.60
DIPROPYLENE GLYCOL 45.60
2-Mercaptobenzimidazole 1.00
Tetramethylammonium hydroxide 2.40
ETHANOLAMINE 3
DIW 24

A5 A6 A7
PROPYLENE GLYCOL MONOPHENYL
ETHER 45.60 43.00 38.30
DIPROPYLENE GLYCOL 45.60 43.00 38.30
2-Mercaptobenzimidazole 1.00 1.00 1.00
Tetraethylammonium hydroxide 0.96 2.00 3.88
ETHANOLAMINE 3 3 3
DIW 3.84 8.00 15.52

A8
PROPYLENE GLYCOL MONOPHENYL
ETHER 38.30
DIPROPYLENE GLYCOL 38.30
2-Mercaptobenzimidazole 1.00
Tetraethylammonium hydroxide 3.88
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Metal Rests Slightly etched Slightly etched Slightly etched Slightly
etched Not etched Not etched

N-(3-Aminopropyl}morpholine 3
DIwW 15.52
A9
TRIPROPYLENE GLYCOL
MONOBUTYL ETHER (TPnB) 28.26
BENZYL ALCOHOL 23.55
DIPROPYLENE GLYCOL 37.68
ETHANOLAMINE 471
2-Mercaptobenzimidazole
1.00
Tetramethylammonium hydroxide 2.40
DIW 2.40
A10
TRIPROPYLENE GLYCOL
MONOBUTYL ETHER (TPnB) 25.35
BENZYL ALCOHOL 21.13
DIPROPYLENE GLYCOL 33.80
ETHANOLAMINE 4.22
2-Mercaptobenzimidazole 1.00
Tetraethylammonium hydroxide 2.90
DIW 11.60
A11
TRIPROPYLENE GLYCOL
MONOBUTYL ETHER (TPnB) 25.35
BENZYL ALCOHOL 21.13
DIPROPYLENE GLYCOL SaEH
N-(3-Aminopropyl)morpholine 422
(APM) )
2-Mercaptobenzimidazole 1.00
Tetraethylammonium hydroxide 2.90
DIW 11.60
Al12
Taurine 0.01
tripropylene glycol monomethyl 40.00
ether
KOH 0.10
Monoethanolamine 20.00
DI water 39.89
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Cl eaned Cl eaned C eaned d eaned

Al13
t-PGME 45.00
Aminobenzothiazole 1.00
KOH 0.10
N-(3-Aminopropyl}morpholine 15.00
DI water 38.90
Table 4
process temperature process time cleaning
formulations (°C) (min) performance
A4 60 15 not clean
60 60 notclean
75 60 partial clean-
A5 75 60 light residue
A6 75 60 light residue
A7 75 30 light residue
75 60 clean
A8 75 30 clean
A9 60 15 not clean
60 60 partial clean-
A10 75 30 partial clean
All 75 30 clean

[0075] Examples A4-A11 were effective in at least partial removal of the resist. Example A7, A8 and

A11 performed the best with complete cleaning of the resist film.
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Example A14

THFA 20.00
ABT 1.00
KOH 0.40
APM 55.00
DI Water 23.60

Example A17

t-PGME 40.00

tannic acid 3.00

KOH 1.00

MEA 20.00

Dl water 36.00

Example A15
t-PGME 20.00
ABT 1.00
KOH 0.40
APM 55.00
DI Water 23.60
Example A18
t-PGME 40.00
MBI 3.00
KOH 0.10
MEA 20.00
Dl water 36.90

Example A16
t-PGME
ABT
KOH
APM
MEA
DI Water
Example A19
t-PGME 40.00
MBI 3.00
Imidazole 2.00
KOH 0.10
MEA 20.00
DI water 34.90

[0076] These formulations were used to process wafer pieces at 75 2C for 15 minutes. The

observed results are summarized in the Table below.

20.00
1.00
0.40

25.00

30.00

23.60

Strippers Thick Resist Film Metal Posts
Example A14 Cleaned Slightly etched
Example A15 Cleaned Slightly etched
Example A16 Cleaned Slightly etched
Example A17 Cleaned Slightly etched
Example A18 Cleaned Not etched
Example A19 Cleaned (with very light Not etched

residues)
[0077] The foregoing examples and description of the preferred embodiments should be

taken as illustrating, rather than as limiting the present invention as defined by the claims. As

will be readily appreciated, numerous variations and combinations of the features set forth

above can be utilized without departing from the present invention as set forth in the claims.

Such variations are not regarded as a departure from the spirit and scope of the invention, and

all such variations are intended to be included within the scope of the following claims.
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What is claimed is:

1. A composition for removing a film resist wherein the composition comprises:

about 2-55% by weight of at least one alkanolamine or at least one morpholine or
mixtures thereof based on the total weight of the composition;

about 20-94% by weight of at least one organic solvent based on the total weight of the
composition; and

about 0.5-60% by weight water based on the total weight of the composition.

2. The composition of claim 1 further comprising:
about 0.1% to about 10% of one or more hydroxides; and
about 0.5 to about 10% of one or more corrosion inhibitors.

3. The composition of claim 1 comprising:

about 15-20% by weight of said at least one alkanolamine or at least one morpholine or
mixtures thereof;

about 40-65% by weight of said at least one organic solvent; and

about 10-40% by weight said water;

and further comprising about 0.1-5% by weight of at least one hydroxide;

and at least one corrosion inhibitor.

4. The composition of claim 1 comprising:

about 2-30% by weight of said at least one alkanolamine or at least one morpholine or
mixtures thereof;

about 40-90% by weight of said at least one organic solvent; and

about 10-40% by weight said water;

and further comprising about 0.1-5% by weight of at least one hydroxide;

and about 1-5.5% by weight of at least one corrosion inhibitor.

5. The composition of claim 1 comprising:

about 2-10% by weight of said one or more alkanolamines or one or more morpholines
or mixtures thereof;

about 65-90% by weight of the one or more organic solvents;

about 2-17% by weight water;

and further comprising about 0.05-4% of said one or more hydroxides; and
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about 0.5-2% by weight of one or more corrosion inhibitors based on the total weight of

the composition.

6. The composition of claim 1, wherein the at least one alkanolamine comprises

monoethanol amine, N-methylethanolamine, or triethanolamine.

7. The composition of claim 1, wherein the at least one organic solvent is selected from the

group consisting of glycol ethers and hydric alcohols or diols having 2 to 8 carbon atoms.

8. The composition of claim 1, wherein the at least one organic solvent comprises

tetrahydrofufuryl alcohol.

9. The composition of claim 1, where the at least one organic solvent comprises

tri(propylene glycol) methyl ether.

10. The composition of claim 1, wherein the composition is free of dimethyl acetamide.

11. The composition of claim 1, wherein the composition is free of dimethylsulfoxide or N-

methylpyrrolidone.
12. The composition of claim 1 further comprising a hydroxide.
13. The composition of claim 12, wherein the hydroxide is potassium hydroxide.
14. The composition of claim 12, wherein the hydroxide comprises a quaternary compound.
15. The composition of claim 1 being substantially free of one or more of the following in any
combination: dimethyl acetamide, quaternary hydroxides, potassium hydroxide or other metal

hydroxide, fluorine, chlorine, oxidizer, H202 or nitric oxide.

16. The composition of claim 1 being substantially free of all of the following: dimethyl

acetamide, fluorine, chlorine, oxidizer, H202 or nitric oxide.
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Cleaned (with very light residues)

17. The composition of claim 1 further comprising a corrosion inhibitor selected from the
group consisting of thiazoles, organic acid salts, phenols, acids, triazoles, catechol, resorcinol,
maleic anhydride, phthalic anhydride, catechol, pyrogallol, esters of gallic acid,
carboxybenzotriazole, fructose, ammonium thiosulfate, glycine, tetramethylguanidine,
iminodiacetic acid, dimethylacetoacetamide, trihydroxybenzene, dihydroxybenzene,

salicyclohydroxamic, aminobenzosulfonic acid and mixtures thereof.

18. The composition of claim 17, wherein the thiazole is aminobenzothiazole.

19. The composition of claim 18 further comprising an organic acid 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, tannic acid and mixtures

thereof.

20. The composition of claim 1, wherein the composition has a pH of about 8.0 or higher.

21. The composition of claim 1, wherein the composition comprises:

about 10-20% by weight of the alkanolamine based on the total weight of the

composition;

about 50-75% by weight of the organic solvent based on the total weight of the

composition;

about 0-1.5% by weight of a thiazole or imidazole based on the total weight of the
composition;
about 0-5% by weight of a hydroxide based on the total weight of the composition; and

about 0.5-60% by weight water based on the total weight of the composition.

22. The composition of claim 1, wherein the composition comprises:

about 10-20% by weight of the alkanolamine based on the total weight of the
composition;

about 50-75% by weight of the organic solvent based on the total weight of the
composition;

about 0.1-1.5% by weight of a thiazole, or imidazole based on the total weight of the

composition,;
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[ 0077] The foregoing exanples and description of the preferred enbodi nents
shoul d be taken as illustrating, rather than as limting the present
invention as defined by the clainms. As will be readily appreciated,
nunmerous variations and conbi nations of the features set forth above can be
utilized without departing fromthe present invention as set forth in the
clainms. Such variations are not regarded as a departure fromthe spirit and
scope of the invention, and all such variations are intended to be included
wi thin the scope ofthefollowln cl ai ns. is clainmed is:
conposi ti on @kt & Edemnyeightrof Pﬁ??%%’?‘é‘b’dr\%'éﬁéﬁﬁﬁq ‘bethéé‘?tﬁ'd’ﬁ'ght@ﬁth@orrprl ses:
about 2- 5edmpusitiori g4y of at | east one al kanol arnine or at |east one

nor phol i ne or m xtures,of based on the taotal oqgngc%ht of the conposition,;

about 20- 94%’8?’“%@"%@ hased pn thedetal WRIghHR! dhh fiYBnt based on the total
wei ght of t he conp03|t| on; and about 0.5-60% by wei ght water based on the

t ot al 851 of the n&&?frlon. 2. Tecont”p05|tlon of t%!!aitmlfurther
conpri si ngP: AAEBEIROS 05%‘ S IRMVES: B MRS NHEIY S5 Yes: and about
0.5 to aboutabd(i%-83% bpevelght bbarealkariolapsing baseltintthe tots weﬂghtimeecmmpomidnt on of
claim1l COI’T‘pISI B 0% wei ght of | as

21 kanol am @B 20sq% 2y PREHLo TRy ARer R B Fbs PlseBR TrdbesfPraBl so- ssoc
by wei ght natfdirsethyl aaetaimédes tinuieylutfgside, or dbinetbpipyrraliddna hased djﬁ)thé(i@tabyelglm ght
sai d wat eEf’thé‘gStnééﬁ'nt tﬂer conpri sing about 01-5% by wei ght of at |east one
hydr oxi de; 645t one corrosion inhibitor. 4. The conposi tion of
claim1 comabp@tthb‘1 5% by wiight of 2-@0vsiby inkiitghitasef opdireltotal Weightof toge

al kanol ang, gt | east one norpholine or m xtures thereof; about 40-90%
by wei ght o sal at | east one organic solvent; and about 10-40% by wei ght
sai d wat er; akad Gl weighsf raéwrgx'ésdm'cblsrosa/awemngqﬂmmnatbals 8% one

hydr oxi dethea&g| @g&qtofgq-eﬁ,oﬁ]@ogyo,\(\el ght of at | east one corrosion inhibitor.
5. The conposition of claim1l npri si ng bout 2-10% by wei ght of said

one or nor e 2RPktEheTeuiwright 6f a'bﬂ'éabtP aﬁ'ﬂrbés‘?ﬂ)?rbwﬁlt?tﬁb‘ge@ﬂt W%Wst'%r eof ;
about 65- Q96 by wel ght of the one or rmre organi ¢ sol vents; about 2-17% by

wei ght wat er t her co in ut 0, 05- 4% of said gne or nore
hydr oxi des: Qﬂbfno bl%a’dd(ﬁ'grﬁ. 37035 Sﬁ?ta'dﬂ’e'gmé’%g'\e YEPESEH} 1 0si on

i nhi bitors based on the tot aI wei ght of t he conposition. 6. The

conpositi f claim1l the at |east .one al kapol am ne conprjses
ronbet handl: 1ERCABRORLSHL A B AR B e AT BEI0T B RAGITATIRS. T SONpnt B
conpositetranydefufadybalcohbl, thdereisiontinhdbiiat isl22arsinolbereothizagale] endibk\hgdroxids is

sel ected frgv_tylaeo oup consisting of glycol ethers and hydric al cohols or

dial s t?gtas ®arbon at ons. 8. The conmposition of claima1,
wherein the at |east one organic solvent conprises tetrahydrofufuryl

al cohol . Thg cot[tB?sﬁf Qﬂn}w 30{;\'/h8rfe|ncth m‘f#ﬁ%ﬁ({%ﬂolgﬁlrﬁtls ln%géétb_)ﬁg'rﬁmgr gani ¢

sol vent conprls ene ¢
conposithe selvent IScﬁeéactﬁdlfronmﬂe@wp thetratwﬁrpﬁﬁwi alephiok dimedleylsififodtieret hy|

acet ani, ropyiepe g,gyu?ﬂ;nah QRPSthé baﬂos@an .ﬁt.awnsﬂseuélt?@d'#arﬂ tﬁéﬁﬂwéme%hﬁ

free of OXI e or [ pyrrolidone. e Cco 05|t|on of
claim 2 zprmnplp@’rzomte, §pmjh%{|cwm bRytyeatechol, 2- mercaptoben2|m|dazole and mixtures

thereof, and the hydroxide is selected from the group consisting of potassium hydroxide and

choline hydroxide and mixtures thereof.

26. The composition of claim 5, wherein the wherein the morpholine is N-(3-aminopropy!)
morpholine; and the solvent is selected from the group consisting of propylene glycol
monophenyl ether, dipropylene glycol, tripropylene glycol monomethyl ether, benzyl alcohol,

and dipropylene glycol and mixtures thereof.
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13. The conposition of claim 12, wherein the hydroxide is potassium

hydr oxi de, 14. The conposition of claim 12, wherein the hydroxide
conprises a quaternary conpound. 15. The conposition of claim1 being
substantially free of one or nore of the following in any conbination:

di mret hyl acetam de, quaternary hydroxi des, potassium hydroxi de or other
nmet al hydroxide, fluorine, chlorine, oxidizer, H202 or nitric oxide.

16. The conposition of claim1l being substantially free of all of the
fol | ow ng; _dinmethyl acetanide, fluorine, chlorine, oxidizer, H202 or nitric
oxide.  27.Amethop ef stHpRiag A filnbresist CRMRIISASL furt her conprising a corrosion

i nhi bi tor sealpsp;tn@qo fHequtréTﬁstgaf&H{bo&ﬂ&%&hpﬁ%gOf t hi azol es, organic acid
salts, phenols, acids, triazoles, catechol, resorcinol | ei c anhxdrlde

pht hal i ¢ ant®Pavt 2125% by meight ot the plkaaelpmine based ep @edf?tab\g?lpht@?g}ﬁ gmpositio

car boxybenz elobittZ0dB% bl Weifhosfthe argaRRIsUNehtia@8d bh Eettotadhviight e the
tetrarnetg%gﬁ uani di ne, i mnodi acetic acid, dinethylacetoacetam de,

tri hydrox {?8: di hydr oxybenzene, sallcyclohydroxanlc

am nober t zosibiitons s%Asloweigtt oriaxbtibsion inhimbgefbased od the tdtabweightpd shiet | on of
claim17, mhereln the thiazole is am n benzot hi azol e. 19. The
conp05|t|8ﬂ“@t ©Mai m 18 furt her conprising an organic acid selected from

t he group cabsutsd. 198 lof weightrdfa t@dnodl,deabasdsd emihkeitctabeeight of tlel dompasitich; abénzoi ¢
acid, mal oni i sopht halic
acid, pht halal%(?u gdcggomﬁ%eq%ﬁ%aq% bag éﬁ;%,:, @eggi.’lagmgﬁat%f maet él,? e %gllt'ﬁrer eof . 20.
The conposition of claim1, wherein the conposition has a pH of about 8.0
or highery, T PR k. on
conpri ses: 28. The c%S'r%ﬁ@%%%ﬁt&%?h;ﬁtlmg%ééﬂﬂaéatﬁfﬂtﬁ{)e%gr@rf L:ltrge%bag?ged ondnlt1 he
total weight of the conposi tion; about 50-75% by wei ght of the organic
sol vent based on the total weight of the conposition; about 0-1.5% by
wei ght of a thiazole or iidazole based on the total weight of the

conposi tion; about 0-5% by wei ght of a hydroxide based on the total weight
of the conposition; and about 0.5-60% by wei ght water based on the total
wei ght of the conposition. 22. The conposition of claim11, wherein the
conposition conprises: about 10-20% by wei ght of the al kanol ani ne based
on the total weight of the conposition; about 50-75% by wei ght of the
organi ¢ sol vent based on the total weight of the conposition; about
0.1-1.5% by weight of a thiazole, or imdazole based on the total weight of
t he conposition; about 0.1-2% by wei ght of potassi um hydroxi de based
on the total weight of the conposition; and remai nder water based on the
total weight of the conposition. 23. A conposition suitable for
renmoving a filmresist consisting essentially of: about 5-30% by wei ght of
an al kanol am ne based on the total weight of the composition,; about
20-80% by wei ght of a water soluble or water m sci bl e organic sol vent,

whi ch is not dinethyl acetam de, dinethylsulfoxide, or N nethylpyrrohdone,
based on the total weight of the conposition; about 0.1-1.5% by wei ght
of a corrosion inhibitor based on the total weight of the conposition;
about 0.1-2% by weight of a hydroxide, which is not a quaternary conpound,
based on the total weight of the conposition; about 0-5% by weight of an
organic acid based on the total weight of the conposition; and about

0. 5-60% by wei ght water based on the total weight of the conposition.

24. The conposition of claim1 wherein the al kanol am ne i s nonoet hyl am ne,
the solvent is tetrahydrofufuryl alcohol, the corrosion inhibitor is

2- am nobenzot hi azol e, and the hydroxide is potassi um hydroxi de. 25. The
conposition of claim3, wherein the wherein the al kanolam ne is
nmonoet hyl am ne, the solvent is selected fromthe group of tetrahydrofufuryl
al cohol , di met hyl sul foxide, tri(propylene glycol)nethyl ether; the
corrosion inhibitor is selected fromthe group consisting of

2- am nobenzot hi azol e, isophthalic acid, t-butylcatechol,

2- mer capt obenzi m dazol e and m xtures thereof, and the hydroxide is selected
fromthe group consisting of potassium hydroxi de and choline hydroxide and
m xt ures thereof. 26. The conposition of claimb5, wherein the wherein

t he norpholine is N (3-am nopropyl) norphohne; and the solvent is selected
fromthe group consisting of propyleneyplycol nmonophenyl et her, dipropyl ene
gl ycol, tripropylene glycol nononethyl ether, benzyl al cohol, and
dlpropylene glycol and mxtures thereof. 27. A nmethod of strlpplng a film
resist conprising: applying to the filmresist a conposition conprising:
about 2-55% by wei ght of the al kanol am ne based on the total weight of the
conposi tion; about 20- 9496by melght of the organlc solvent based on the
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