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Field of the Invention The present invention relates to stripping and
cleaning compositions containing novel corrosion inhibitors. More
particularly, there is provided aliphatic dicarboxyliC acid 10 compounds
which are useful. as corrosion inhibitors in both acidic compositions which
are free of oxidizing agents and basic stripping and cleaning compositions,
particularly for removal of photoresists and residues from substrates.
During manufacture of semiconductors and semiconductor ' 15 microcircuits,
it is frequently necessary to coat the substrates From which the
semiconductors and microcircuits are manufactured with a polymeric organic
film, generally referred to as a photoresist, e.g., a substance which forms
an etch resist upon expsure to light. These photoresists 20 are used to
protect selected areas o the surface of the substrate, while the etchant
selectively attacks the unprotected area of the substrate. The substrate ie
typically a silicon dioxide coated silicon wafer and may also contain
metallic microcircuitry, 25 such as aluminum or alloys, on the surface,
Following completion of the etching operation and washing away of the
residual etchant, it is necessary that the resist be removed from the
protective surface to permit essential finishing operations. It is
desirable to develop an improved 30 stripping composition to remove the
organic polymeric '     ~~ ~ ~1AR ~OQ3 substrate from a coated inorganic
substrate without corroding, dissolving or dulling the metal circuitry yr
chemically altering the wafer substrate. Presently used metal corrosion
inhibitor additives for 5 photoresist strippers are aromatic compounds such
as phenol derivatives, catechol, pyrogallol, gallic acid, and the like,
which do not maintain corrosion inhibition in compositions containing mere
than 25 percent by weight of water, especially for aluminum and aluminum
and copper to substrates. However, high water content improves the cleaning
of the substrate to remove inorganic residue. Phenois and hydroxyphenols
are weak acids which deprotonate in solutions with a pH above about. 9,
forming mono- and di-anions which can chelate with metal cations 



~.5 forming five, six and seven membered rings. Since they do not
deprotonate at lower pH values) they do not provide adequate corrosion.
protection in stripping and/or cleaning with pH values below about 9. U.S.
Patent no. S,496,491 to Ward, which is 2o incorporated herein by reference,
discloses a photoresist stripping composition comprising a basic amine, a
polar solvent and an inhibitor which is the reaction product of an
alkanolamine and a bicyclic compound. However, aliphatic are not disclosed
as inhibitors. 25 U.S. Paterit No. 5,597,420 to Ward which is herein
incorpozated by reference discloses a. stripping composition free of
hydroxylamine Compounds which consists essentially of monoethanolamine and
water together with aromatic 2   2 5 MAR ~~0~ corrosion inhibitors_ U.S.
Patent Na. 5,707,947 Go ward, which is herein incorporated by reference,
discloses organic stripping compositions which. can be used with the
corrosion inhibitors 5 of the present invention. U.S. Patent No. 4,61.7,2S1
to Sizensky, which is herein incorporated by reference, discloses stripping
compositions in Which the inhibitors of the present invention can be
utilized. 10 U.S. Patent Nos_ 5,334,332 and 5,275,771 to Lee, which are
herein, incorporated by reference, disclose aqueous and organic stripping
compositions containing hydroxylamines in which the inhibitors of the
present invention can be utilized. 1,5 U_S. Patent Nos. 5,571,447 and
5,698,5D3 to Ward et al, which are herein incorporated by reference,
disclose acidic stripping composition in which the presently claimed
corrosion inhibitors can be utilized. Publication WO 98/3f0.45 of EKC
Technology, Inc. 20 discloses a composition for removal of chemical
residues from metal. or dielectric surfaces or for chemical mechanical
polishing of copper in an aqueous solution having a pH between 3.5 and 7
which contains a mono-, di- or trifunctional organic acid and s buffering
amount of an 25 amine, hydroxylamine or hydrazine compound. These
compositions contain oxidizing agents. It is, therefore) highly desirable
to provide stripping compositions that exhibit substantially little human
or environmental 3   2 5 MAR 2~~3 toxicity, are water miscible arid are
biodegradable. It is also desirable to provide stripping compositions that
are - - .  ~ _ substantially non-flammable, non-corrosive, evidence
relatively little toxicity to humans as well as being 5 environmentally
compatible. In addition, it would be desirable to provide photoresist
stripping compositions that have a high degree of stripping efficacy,
particularly at lower temperatures than generally required with prior
stripping compositions. 



to It is also highly desirable that photoresist stripping compositions be
provided that exhibit substantially no corrosive effects on the substrate.
It is further desirable to provide a stripping and cleaning composition
with a high water content so as to 15 efficiently remove inorganic residue.
Summary of The invention The present invention relates to basic and acidic
stripping and/or cleaning compositions containing organic polar solvents
having improved corrosion inhibition and a 20 lower etch rate. More
particularly, there is provided corrosion inhibitors for use in either
acidic or basic stripping and/or cleaning compositions containing an
organic polar solvent. Accordingly, there is provided an aliphatic 25
dicarboxylic acid inhibitor of the general formula: HOOc R-COOH wherein R
is an alkyl group of 1-3 carbon atoms, an alkylene group of 1-3 carbon
atoms, a hydroxyalkyl group of 1-3 4   2 ~ MAR L003 carbon atoms or a
dihydroxyalkyl group of 1,-3 carbon atoms, or the anhydrides_thereof in a
Corrosion inhibitozy _ , . . _ effective amount. Advantageously, the
stripping and cleaning compositions 5 Contain raster and basic amines
including hydroxylamines at a basic pH. The compositions of the invention
are particularly useful for removing photoresists and residues on
substrates. It is a general object of the invention to provide a to
corrosion inhibitor which can be used in basic or acidic stripping and
cleaning compositions, It is another object of the invention to provide a
corrosion inhibitor for stripping compositions for photoresiscs which
maintain an acceptable level of corrosion 1S inhibition in the presence of
high levels of water. 



It is a Further object of the invention to provide an aqueous stripping and
cleaning composition for aluminum and copper substrates which have a high
stripping and cleaning efficacy. 20 It is still a further object of the
invention to provide corrosion inhibitors for semi-aqueous photoresist
stripping compositions which are less expensive and are effective at low
concentrations. Brief Description Of The Drawings 25 Fig. 1 shows an
aluminum and copper corrosion inhibition efficiency curves at So degrees C
for malonic acid in DMAC/water/choline hydroxide cleaner solution. Fig. 2
A-D and SEM's showing stripper/cleaner 5   2 ~ BAR 2003 performance on Via
wafers with an aliphatic and aromatic inhibitozs. _ _  -~;-_ . Description
Of The Preferred Embodiments According to the present invention there is
provided 5 novel, coxros~.on inhibitors for use in aqueous stripping and/or
cleaning corstpositions used in the semiconductor industry. More
particularly, the present inhibitors are for use in acidic stripping and/or
cleaning compositions ~rhich are free of oxidants and in basic stripping
and cleaning 10 compositions. The inhibitors o the invention are Aliphatic
dicarboxylic compounds of the general formula: HOOC-R-COOH wherein R is an
alkyl group of 1-3 carbon atoms) an alkylene group of 1-3 carbon atoms, a
hydroxyalkyl group of 1-3 carbon atoms, or the anhydrides thereof. The
inhibitors of 1S 'Che invention have pKa values equal to or less than 3.4.
The preferred inhibitors of the invention are malonic acid, malonic
anhydride, fumaric acid) fumaric anhydride) malefic acid, malefic
anhydride, malic acid, and malic anhydride. 2o Corrosion inhibitors in an
amount of up tv about 15% by weight can be added to the stripping
compositions. preferably, the inhibitor concentration is from about 2 to e%
by weight, and most preferably, about 5% by weight. The aliphatic
bifunctional acids and their anhydrides 25 provide corrosion protection by
physasorbtion and/or chelation similar to the mechanism for phenol
derivatives. 



The dianivns of these inhibitors can ehelate with metal cations and fozm
stable five, six and seven membered rings. 6   2 5 MaR Zv~3 The smaller
molecular size of aliphatic acids allows denser surface coverage.. _ _ , .:
_ . _ The use of anhydrides in basic, semi--aqueous solvent blends will
result in fozmation of the acid, in situ. 5 The organic polar solvents
touch a broad range of classes, including N,N-diakylalkanoylamides, N-alkyl
lactams, lactories, acetate esters of ethylene glycol ethers, acetate
esters of propylene glycol ethers, aliphatic amides, GycXic aliphatic
sulfones, esters of dibasic acids, cyclic to ketones, sulfoxides, ether
alcohole and mixtures thereof. Advantageously, useful solvents include
dimethyl sulfoxide, N,N-dimethylacetamide, N-methyl- 2-pyrrolidinone,
y-butyrolactone) isophorone, carbitol acetate, methyl acetoxypropane)
aliphatic amides, cyclic heterocyclics) 15 dimethyl adipate, dimetyl
glutarate, tetrahydrofuryl aleohoJ., and the like. The alkanolamines
suitable for use in the present invention are miscible with the
hydroxylamine and are preferably water-soluble, Additionally, the
alkanolamines 20 useful in the present invention prefez~ably have
relati~rely high boiling points, such as for example loo degrees C. ox
above) and a high flash point, such as for example 45 degrees C. or above.
suitable alkanolamiz~es are prima~r, secondary or tertiary amines and are
preferably monQamines, 25 diamines or triamines, and, most preferably
monoamines. The alkanol group of the amines preferably has 1 to 5 carbon
atoms. Preferred alkanolamines suitable for use in the present 7   2 5 MAR
2D3 invention can be represented by the chemical formula RzRz-N-CHaCHa-O-R3
wherein Rl and Ra can be H) CH3, _ _~~ . . _ CH3CHz or CHaCHzOH and R3 is
CH2CHzOH. Examples of suitable alkanolamines include 5 monoethanolamine)
diethanolamine, triethanolamine, tertiarybutyldiethanolamine
isopropanolamine, 2-amino-1propanol, 3-amino-1-propanol, iaobutanolamine,
z-amino-2ethoxyethanol, and 2-amino-z-ethoxy-propanol. Other polar solvents
suitable for use in the stripping to composition of the present invention
include ethylene glycol) ethylene glycol alkyl ether, diethylene glycol
alkyl ether, triethylene glycol alkyl ether, propylene glycol) propylene
glycol alkyl ether, dipropylene glycol alkyl ether, tripropylene glycol
alkyl ether) N-substituted ZS pyrrolidone, ethylenediamine, and
ethylenetriamine. Additional polar solvents as known in the art can also be
used in the composition of the present invention. It is understood that the
inhibitor utili2ed in the present compositions depends vn whether the
compositions are 20 acidic or basic stripping and cleaning compositzon9_
The 



anhydrides ax's utilized in the acidic compositions. Moreover, both the
anhydrides and the aliphatic dicarboxylic acid inhibitors are not utilized
in acidic compositions containing an oxidizing Compound, for example,
hydroxylamine 25 in an acidic medium. The compositions of the invention are
especially useful anal ad~rantageous for numerous reasons among which may
be mentioned the following. The stripping compositions are s   2 5 MAC 2~0
water miscible, non~corrosive, non-flammable and of low toxicity to humans
and_the environment. Because of the low _- -~, _ . ambient ~rapor pzessuxe
of the compvsiti.ons they evidence substantially less evaporation than
prior compositions and 5 are non-reactive and environmentally compatible.
The compositions may be recycled for multiple use or easzly disposed of in
an environmentally safe manner without the necessity fox burdensome safety
precautions. Likewise, a portion of the stripped coatings may be readily
removed as to solids and Collected fox easy disposal. The stripping
eompositivns of this invention evidence higher stripping efficiency at
lower temperatures for a wide variety of coatings and substrates. Moreover,
the stripping compositions are easily prepared by simply mixing the 15
components at room temperature and thus require no special human or
environmental safety precautions. Furthermore, the components of the
stripping compositionB of this invention provide synergistic stripping
action and permit readily and substantially complete removal of coatings
from substrates. 2o The process of the invention is carried out by
contacting a substrate containing an organic or metal organic polymer,
inorganic salt, oxide, hydroxide or complex or combination thereof as a
film or residue, (e. g. sidewall polymer (SWP)), with the described
stripping composition. 25 The actual conditions) e.g., temperature, time,
etc., depend on the natuxe and thickna5s of the complex (photoresist and/or
SWP) material to be removed, as well as ether factors familiar to those
skilled in the art. zn general, for 9   2 5 May zoo3 stripping, the
substrate is contacted_or dipped into a vessel containing-the stripping
composition at an slevated _. ~ , _ . _ temperature, preferably between 25
- BO degrees C. foz a period of about 1-15 minutes and then washed with
watez~. 5 Representative organic polymeric materials incJ.ude positive
photoresists, electron beam resists) X-ray resists, ion beam resists, and
the like. Specific examples of organic polymeric materials include positive
resists containing phenolformaldehyde resins or poly (p 10 vinylphenol),
polymethylmethacrylate-containing resists) and the like. Examples of plasma
processing residues side wall polymers (SWp) include among others,
metal-organic complexes and/or inorganic salts, o~cides, hydroxides or
complexes which form films or residues either alone ox in combination 15
with the organic polymer resins of a photoresist. the 



organic materials and/or S~TP can be removed from conventional substrates
known to those skilled in the art, such as silicon, silicon dioxide,
aluminum, aluminum alloys, copper, copper alloys, etc. ZO Examples
illustrating the removal of a coating from a ,substrate under varying
conditions are described further below_ The following examples are provided
to further illustrate the invention and are not intended to lim~.t the
scope of the present invention_ 25 The amounts indicated axe in percent by
weight of composition. Example x Rn acidic stripping and cleaning
composition having io   ~' 5 .~aR 20~~ 5 is controlled dielectric etch
capabilities is formed by admixing the following ingredients:
IngredientWt%DMAC57,5Malefic Anhydride8.0Ammonium Fluoride (40%)2.5Acetic
Acid12.0Ammonium acetate15.6waterq~s. l00.00 The composition has a pH
between 4 and 5. Example 2 ZO 25 30 An experiment was zv.n to determine the
quantitative corrosion inhibition efficiency data for aluminum and copper
at 50 degrees C. Metal etch rates were determined using a Veeco FPP5o00
electrical probe system, which determines metal film thickness through
resistivity measurements, and blanket metal Films on silicon wafers) A11
test wafers contained 120oA of thermal oxide underneath the metal film. r
is a quantitative measure of the effectiveness of the corrosion inhibitor
and varies from 0s ( ineffecti.ve) to 100% (no corrosion). Values c o%
denote enhanced corrosion, most likely due to increased solubility of the.
chelation groduct in the sol~rente tested. The ozder for increasing
corrosion inhibition for aluminum and copper films in the stripper/cleaner
solution Comprised of dimethly acetamide (DMAC), water, and 45% eholine
hydroxide (wt% of 64/30/6) is; 8-HQ c catechol < pyrogallo7. ethyl ga~.late
c gallic acid = benzoic acid < phthalic acid/anhydride. The fact that
benzoic acrd provides the same protection as 1.1   2 5 MAR ~0~~ gallic acid
indicates that the carboxylic acid group is involved in corrosion
inhibition. The fact that ethyl _ . . gallate did not provide the same
level of corrosion inhibition as gallic acid also indicates that the
carboxylic 5 acid group is needed for maximum corrosion inhibition. When
only phenolic hydxoxy groups are available (i,e., catechol, pyrogallol, and
ethyl gallate) a lower level. of corrosion inhibition was achieved. The
malonic acid offered improved corrosion inhibition (i.e., had a larder r or
a lower etch 10 rate) than catechol at a concentration of -.0.09M in the
same semi-aqueous, stripper/cleaner solvent matrix. Indeed, 1 wt% malonic
acid provided better corrosion inhibition for aluminum and copper than 5
wt$ of 8-HQ) cateChol, pyrogallol, gallic acid, benzoic acid and
benzotriazvle. 



15 Figure 1 contains aluminum and copper corrosion inhibition efficiency
curves at 50 degrees C for maloniC acid in a DMAC/water/choline hydroxide
stripper/cleaner solution. The concentrations of malonic acid were vs,ried
from 0 to 0.096M. An extremely sharp rise in efficiency Was observed for 20
copper corrosion inhibition and a more gradual increase in efficiency was
observed for aluminum corrosion inhibition as the concentration of malonic
acid was increased. At a malonie acid concentration of 0_096M, the
corrosion inhibition effic~.ency was >95% for both aluminum a.nd copper. ~5
The results are shown in Table 1. 12   Table 1 Corrosion Inhibitor
Efficiency (r) at 50 degrees C for Al and Cu Films DiHAC/I~aO/Choline
Hydroxide Matrix 5 Inhibitor~'WpKaConc. ~M)rAi (~)rca (s)Conc. (M)rAl
(s)r~(a)8-HQ1459.510.06950-3070.349B59~Catechol1109.8S0.091507D0.4S98-10410
Pyrogallol126-9.800.07950330.4099.826.Gallic
Acid1704.410.0595000.2999.9-38enzotriazole119---0.08410260.4210033Malonic
Acid1D42.830.09699850.4899.874Fumaric Acid1163.030.0860930.4399.97015MaleiC
Acid1Z6l.830.08677890.4399.963D,L-MalicI343.400.07577480.3799.981AcidBenzoi
c
Acid1124.19O.08250780.4199.944Phthalic1662.890.D6017850.3D99.97820Acid'Isop
hthalic1663.540,06050780.3D10085AcidPhthalic15Z---0.06650890.33100B5Anhydr.
25FW and pKawere from CRCtables.r = ( 1- ER/ERo ) x 100: ~ah~.chis a
quantitative measure of the effectiveness of theinhibitorranging From 0to
l00_Etch ratesdetermined for blanket films witha Veeco5000FFPfour
pointprobe.30Solutionswere run withmagnetic stir agitation, 3'water rinse,
and 13~dry. 13f. '.cn'3a   2 5 MAR 2DD3 What Is Claimed Is- -- ~` 1. In
basic and acidic stripping and cleaning composition for removal of organic
and inorganic 5 materials, said composition comprising water and an organic
polar solvent, the improvement which comprises said composition having an
effective amount of an aliphatic corrosion inhibitor of the general
formula: HOOC-R-COOH wherein R is an aliphatic hydrocarbon of 1-3 10 carbon
atoms, a mono-or dihydroxy substituted aliphatic hydrocarbon of 1-3 carbon
atoms, or the anhydrides thereof, with the proviso that the acidic
compositions are free of oxidizing compounds and that the anhydrides are
utilized in acidic compositions. 15 2. The composition of claim 1
comprising at least about 25% by weight water. 3. The composition of claim
2 wherein said water content is about 30-95% by weight. 4. The composition
of claim 1 wherein said 20 inhibitor is selected from the group consisting
of malonic acid, fumaric acid, malefic acid and malic acid. 5. The
composition of claim 1 wherein the composition is acidic and said inhibitor
is an anhydride. 6. The composition of claim 1 wherein the 25 composition
is basic and hydroxylamine is included. 7. The composition of claim 1
wherein said polar solvent is dimethyl acetamide. 8. A basic stripping and
cleaning composition comprising about 59% by weight monethan~lamine, about
18% by 14   ,~ 5 MAR Q003 weight hyslroxylamine, about 18~ by weight water
and about 5% by weight of ma7.onic acid. , _ S : - .  9. A process for
removing a cos.tirig from a coated substrate comprising applying tc~ said
coated substrate a 



5 stripping and cxeaning effective amount of the composition of claim 1,
permitting said stripping composition to reside on said coated substrate
for a stripping effective period of time snd removing the coating from
said. substrate. lo. A process for removing a coating from a coated to
substrate comprising applying to said coated substrate a stripping and
cleaning effective amount of the composition of claim 2, permitting said
stripp~.ng composition to reside on said coated substrate for a stripping
effective period of time and removing the Coating from said substrate 15
11. A process for removing a coating from a coated substrate comprising
applying to said coated substrate a stripping and cleaning effect~.ve
amount of the composition of claim 3, permitting said stripping composition
to reside on said coated substrate for a stripping effective period of ZO
time and removing the costing from said substrate. 12. A process for
remo~ring a coating from a coated substrate comprising applying to said
coated substrate a stripping and cleaning effective amount of the
composition of claim 6, permitting said stripping Composition to reside 25
on said coated substrate for a stripping effective ,period of time and
removing the coating from said substrate. 7.~. A process for removing a
coating from a coated. substrate comprising applying to said coated
substrate a 15   ~2 5 MAR 203 stripping and cleaning effective amount o the
compos~t~on of claim 7, permitting said stripping composition to reside _
:~... . _ on said coated substrate far a stripping effective period of time
and removing the coating from said substrate. 5 X4. A prooESS for removing
a coating from a coated substrate comprising applying to said coated
substrate a stripping a.nd cleaning effective amount of the Composition of
claim e, permitting said stripping composition to reside on said coated
substrate for a stripping effective period of l0 time and removing thn
coating from said substrate. 16 .A9.A.A.A .A.A.A.A!
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