
;e3ePMj286nTfw]0 a Jug ~uu; N o p  Field of the Invention This invention
provides an improvement over the composition of U.S. Patent No. 5) 59'7,
42o, More particularly this invention relates to an improvement in aqueous
stripping compositions particularly useful for stripping paints, varnishes,
enamels, photoresists and the like, from various substrates. The invention
relates to improved aqueous stripping compositions composition organic
amines, particularly, alkanolamines by providing a corrosion inhibitor
which is benzotriazole alone or in combination with gallic said or a gallic
acid ester. The compositions do not include hydroxylsmine.  ac ground of
The Invention During manufacturing of semiconductors and semiconductor
microcircuits it is frequently necessary to coat the substrates from which
the semiconductors and microcircuite are manufactured with a polymeric
organic film, generally referred to as a photoresist, e.g., a subatance
which forms an etch resist upon exposure to light. These photoresists are
used to protect selected areas of the surface of the substrate, while the
etehant. selectively attacks the unprotected area of the substrate. The
substrate is typically a silion dioxide coated silicon wafer and may also
contain metallic microcircuitry, such as aluminum yr 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 7013-27 1      i p ~ ~uG ~uuc essential
finishing operations. It is desirable to develop an improved stripping
composition to remove the organic, polymeric substrate from a coated
inorganic substrate without corroding, dissolving or dulling the metal
circuitry or chemically altering the wader surface. Stripping compositions
used fox removing coatings from photoresists and other substrates have for
the most part been highly flammable, generally hazardous to both humans and
the environment, and reactive solvent mixtures exhibiting an undesirable
degree of toxicity. Moreover, these stripping compositions are not only
toxic) but their disposal is costly since they must be disposed of as a
hazardous waste. In addition, these prior stripping compositions generally
have severely limited bath life and, for the most part, are not recyclable
or reusable. Generally, compositions containing chlorinated hydrocarbons
and/or phenolic compounds ox other highly caustic and corrosive materials
have been employed as stripping composition for stripping paints,
varnishes, lacquers, enamels, photoresists, powder coatings and the like,
from substrates such as wood, metal. _ or silicon wafers . Hot caustic
compositions are generally employed to remove coatings from metals and
methylene chloride compositions to remove coatings from wood. In many
eases, the components of the stripping compositions are relatively toxic
reactive solvent mixtures and thus must be subject to stringent use
conditions and require hazardous chemical handling procedures and Wearing
of safety garments and apparel by users so as to,avoid contact with ?D13-Z7
2 . . , . . , . r ;..,,: . ~ , _.. t iv:'..;  



0 8 J U L 2002 the stripping compositions.  Additionally, because many of
the toxic components of such stripping composition are highly volatile and
subject to unduly high evaporation rates, stripping compositions require
special human and environmental safety precautions to be taken during
storage and use of said compositions. In photoresist stripping with the use
of hydroxylamine and an amine solvent there is the problem With the
substrate of titanium, copper and aluminum etching. It is therefore
desirable to provide a corrosion inhibitor so that such compositions can be
used on a various kinds of photoresists. U.S. Patent No. 4,276,186 to Hakos
et al discloses a cleaning composition which includes
N-methyl-2-pyrrolidone and an alkanolamine. However, in a comparative
study, applicant has found that the use of N-methyl-2-pyrrolidone does not
provide a broad spectrum of clearing as is capable with the composition of
the . invention.  U.S. Paterit No. 4,617,251, to Sizensky discloses a
stripping composition which is prepared with a select amine and an organic
polar solvent. The composition is formed utilizing from about z to about
98's by weight of amine compound and about 98 to about 2"c of an organic
polars solvent. U.S. Patent No. 4,770,7L3 to Ward discloses a stripping
composition comprising an alkylamine and an alkanolamine. U.S. Patent No_
5,419,779 to Ward discloses a process for removing an organic coating from
a substrate by applying a 7013 -~ 7 3 ,.. ' , . , ,.', . ,~... ., .   0 p
JUL 200. composition consisting of about 62% by weight of monoethanolamine
about .-19% by weight hydroxylamine _ corrosion.inhibitor which _.... . _ .
includes gallic acid and gallic acid esters, and wale;. U.S. Patent No.
5,a,6,491 to Ward, which is 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, fallic acid and gallic acid esters are not
disclosed as inhibitors. U.S, Patent Nos. 5,334,3Z and 5,27S,771 to Lee
disclose a composition containing hydroxylamine, an alkanolamine and a
chelating agent. However, the Chelating agent is not gallic acid or its
esters. U.S. Patent No. 5,597,420 to Ward which is herein incorporated by
reference discloses a stripping composition free of hydroxylamine compounds
which consists essentially of monoethanolamine and water together with a
corrosion inhibitor. The inhibitor includes gallic acid and its esters.
U.S. Patent No. 4,617',251 to Sizensky, which is herein ineorporated by
reference, discloses organic amines that can be used in the compositions Of
the invention. Recently, OSHA, EPA and other similar federal, state and
local J governmental regulatory agencies have advocated a shift toward use
of more human and environmentally compatible stripping compositions and
stripping methods that are not subject to the aforementioned , drawbacks
and problems. 7013-2? 
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Moreover, heretofore available photoresist stripping compositions have
required unduly long residences times or repeated applications in order to
remove certain coatings. In addition, various coatings have resisted
removal from certain substrates with these heretofore available stripping
compositions. That is, then a previously availabel stripping compositions
have not provided adequate or complete removal of certain hard-to-remove
coatings from various substrates. It is, therefore, highly desirable to
provide stripping compositions that exhibit substantially no human or
environmental  toxicity, are water miscible and are biodegradable . It is
also desirable to provide stripping compositions that are substantially
non-flammable, non-corrosive, evidence relatively little, if any, tendency
to evaporate arid are generally unreactive and also of little toxicity to
humans and are environmentally compatible. Moreover, it would be desirable
to provide photoresist stripping compositions that have a high degree of
stripping efficacy and particularly such high degree of stripping at lower
temperatures than generally required with prior stripping compositions. It
is also highly desirable that photoresist stripping compositions be
provided that exhibit substantially no corrosive effects on the substrate,
especially those containing copper, titanium and/or aluminum or silicon. It
is also desirable that effective stripping compositions be provided that
are devoid of undesirable chlorinated or phenolic 7013-Z7 5 .;...,, .. . .
,, ~~~, ~;:. v   0 8 J U ~ 2002 components and which do not require the use
of hot caustic __.._. _.___ _. _ __ __ _ __.. __.___ .. __.__..__ .. ___
__._ ________ ... _ .._.. . ... components . Highly desirable ate stripping
compositions and use thereof Chat are noG considered undesirable by
regulatory agencies s overseeing their production and use It is also most
advantageous that stripping compositions be 



provided with the above-identified desirable characteristics which evidence
a stripping action results not always obtainable with the individual
components for the removal o sidewall organometalli c and metal oxide
residues without any substantial corrosion of a copper or titanium
substrate. Summary of the Invention It has now been found that a suitable
stripping and cleaning composition in which the hereinbefore mentioned
disadvantages or P drawbacks of corrosion are eliminated or substantially
reduce d particularly o copper or titanium substates with the teachings of
the present invention. In a stripping composition containing the admixture
of grater a, soluble organic amine, the improvement which comprises in
admixture therewith ate effective amount of corrosion inhibati which is
benzotriazole alone or in combination with a compound of the general COOR
cz) HO 'OBI OH wherein R is hydrogen or lower alkyl. 70I-27 6 ' '~~;'';
~ ~ ~-JUL LUUC A preferred amount of inhibitor alone or in combination is
about 0.5 to 10%  



inhibitor is about 1 to 5% by weight. The organic amine is present in an
amount of about 60 to 90% by weight, preferably, about 70 to 85% by weight.
The preferred organic amines are alkanolamine and most preferably is N,
methylethanolamine. The novel stripping compositions of the intention
exhibit synergistically enhanced corrosion inhibiting action and stripping
capabilities at low temperatutres not possible ;from the use of the
individual, components or in combination with other strapping components
when the inhibitors are not present. The stripping compositions Of the
invention provide an effective stripping action as well as enhanced copper,
aluminum and titamium corrosion protection. It is a general object of the
invention to provide a noncorreding stripping composition which is
effective at residue, polymer and contamination removal at low
temperatures. It is another object of the invention to provide a
photoresist stripping composition which is nan-corrosive especially of
copper, , copper alloys, aluminum, aluminum alloys and titanium_ It is a
further abject of the invention to provide a photoresisC stripping
composition which provides a low or ._! negligible silicon etch rate. It is
still another object of the .invention to p=ovide an inhibitor which is
leas expensive and is more effective as a 7013-Z7 7 . . . , . ; ~;~ ` - '~,
: , ., . ., ~. . ..,: , ~ ; .   ~ ~ JUL ~ IUUL corrosion inhibitor than
caC~ehvl os.~gallic acid or its esters slave_ Ir is yet another object of
the invention to provide a method for stripping a coated substrate which
can be accomplished a,t low temperatures which does not cause redeposition
of metal ions. other obj acts and advantages of the present ~inver~tion
will be more fully understood in view of the accompanying drawing and a.
description of the preferred embodiments. JBr?Pf ~Describtion of the
O~rawiria Figure 1 shows a SEM comparison between a formulation of the
invention with, gallic acid and bez~zotriazole and a similar formulation
with benzotriazole alone. Figure 2 shows a compaz'ison of the sputtered
copper etch rates for compositions of tk~e invention and a composition
eQntaining hydroxyla.mine and an inhibitor at 75oC. Qetailed Description of
the Preterzed Embodiments The aqueous stripping compositions of the
invention preferably comprise an admixture of water and an organic amine in
combination with about D,5 to lo'~ by wreight of a corrosion inhibitor
system, preferably about 1 to 5s by weight, which is benzotriazole alone or
in combinat3,ox~ with a compound of the general formula: 



COOR (I? HO OH aH wherein, R is hydrogen or 3.ower alkyl. 7013-29 V 1'c e,
,, . . . ',,.~, . , . yY i.. .1   A preferred phoCoresist etrippilng
composition eonaiets~ of ~ cuuc _......_...._.__.__~?o~t._.~.~...
t~.,.e_5_~_ .bY__wei.~ht_ of an_ alkanolamine.__most__Pr~ferabi~,
.__N.-_...._ ......._ ....._. methylethanolamine, about 1 to 2.5~ by
we~.ght of benzotriaxole, about L to 2.5~ by weight of gallic acid and
water. The al.kanolamines which are u.se~ul, in the invention are the lower
alkariolamines Which are primary, secondary and tertiary having from 1 to 5
carbon atoms. The alkanolamin,es include N ' methylethanolamine (NMEA),
monoethanolamine (ME?~), diethanolamine, mono.. ( di ~ and trii sopropano
famine , 2 - ( 2 -aminoe thylamir~o ) a thanol 2-(2-.aminoethoxy) ethanol,
triethanolamine, and the like. ether organic amines which can be used
include cyclic non aromatic amines such as morpholine, c~rclohexylamine,
and piperidine lower alkylamines such as butylamine,, lower alkylene
diamines such as ethylene diamine., and the like. The stripping
compositions of this invention are especially useful and advantageous for
numerous reasons 'among wh~.ch may be mentioned the following. The
stripping composition& are water soluble, non=corrosive,~~~non-flammable
and of low toxicity to the environment. The stripping compositions evidence
higher stripp~.ng efficiency at low temperatures for a wide variety of
coatings and substrates. They are particularly s~iitable far removal of
photvresists and residues from plasma processing used in integrated circuit
fabrication. The stripping compositions are easily prepared by simply
mixing the components at room temperature. ~~13-27 9 " ~ . ,., .. .. ' ~ .
1 t.~.~ .   Q Q JU L LUUL 



..._._....__.._._.._.._.__._._ ____.____The_. method ._~f.._.
the__.invention_.__?~s__p~=x~ed out_._by.. ~antacti~_._an_. . .. .. _._._ _
.._ ._.. orga~iic or metal,organic polymer, inorganic salt, oxide,
hydroxide or complex or combination thereof as a film ox residue, (i.e.
sidewall polymer (SWP)), with the described stripping compo~~.tion. The
actual conditions, i.e.) temperature, time, etc. depend on the nature~ar~d
thickness of the complex (photoresist and/or sidewall polymer) material to
be xemoved, as well as other factors familiar to those skilled in the art.
In geners.l, for photoresist stripping, the photoresist i,s contacted or
dipped into a vessel. containing the stripping composition at a temperature
between 25 85oC typically for a period of abouc 5-3o minutes typically,
washed with water and then dried with an inert gas or ~~spin dried~~.
Examples of organic polymeric materials include ph4toresists, electron beam
resists, X-ray resists, ion beam resists, and the like. Specific examples
of organic polymeric materials include positive resists containing phenol
formaldehyde type resins or poly (p-vinylpheno~.),
polymethylmethacrylate-containing resists, and the like. Exampl.es~ of
plasma processing residues (sidewall~ polymer) include among others;
metal-organic complexes and/or inorganic Salts, oxides, hydroxides or
complexes which form films or residues either alone or in.combination with
the organic polymer xe~s~.ns of a photoresi,gt. The organic materials
and/or SWP can be removed r~' from conventional substrates known to thvs.e
skilled in the art, such as silicon, silicon dioxide, boron phosphorous
silicon glass (EPSC~) , aluminum, aluminum alloys, sapper, popper alloys;
titanium, tungsten, metal nitx~~.des, etc. 7013-27 10    o a ~c~ ~ ~oaa
...... ._ ........ ._ _ ._.._..._~.. The. .~ f f ec t_ivenes,s_ . and _
.~~~~t~....~rt~~r~- ~ __ t~.~._~.t~ip~zing ._.. _ ._ _ _.._ _.... . .
compositions of the invention is illustrated, but not 7.im~.td by) the data
presented in the following examples. Unless otk~erwise specified, a11 parts
and percentages tire by weight. ~x_amole 1 xn order to demonstrate the
efficacy of the d~,fferent concentrations of the stripping and clean~.ng
compositions the following tests were cenduotad. ).~    i o a ~u ~ 2002
Ccpper/silicon wafer substrates cor~ta~.ning commercial photoxesists and
plasma generated SWF residues libeled ae "veils" were post-baked at l8oa~
for 6o minutes. The substrates were cooled and dipped into vessels
contairi~ng a stripping composit~.on and aGirred with a magnetic et~.rrer.
There was a vessel containing a stripping composition maintained at a
temperature of SopC and another at 55oC. "the contact time with the
compositions was ZO to 30 minutes. The substrates were washed with
deioaized water anal dx~i~d with nitrogen, , example 1 % Wt Sample No.
Ingredient12345hI~A 



58.078.o78.o7B.07$.079a0Beazotria-
zole1.01.0Water'20,020.022.020.0Z0.018.DCateehol2.05,0Gallic Acid Hydroxyl-
amirie1.02.0 18.0  ~01~-~27 12 . ., . . ~ ~,:, ~, .~. ~.   p 8 ~o~ zooz ~b
(~) ., ~...; . . ~. ~ Sample 3~ehowed ~evere~coxrosion in ~1IAS, ~S~mpxes
l~~and ~ showed some SGVP residue and corrosion. R compari$on of the
sputtered copper etch rates at 75oC for Sample& 2, 5 and 7 by measuring the
metal. content in solution is shown in, Fig . 2 . A comparison of the
sputtered copper etch rate at 75oC and 85C for Samples 2 and 5 by the
direct electrical measurement of film thickness is shown in Fig_ 1. The use
of benzotriazole alone as an inhibitor is effective but the combination
with gallic acid provided greater cvrrosivz~ protection for copper
containing substz~aCes. 70Z3-~'7 7,3 . . . . ... . ..,.... ... . . . , . .
. ;.,:;" . \ ;; .   i 



~ 8 ,JUC. 2~~~Fxam~ 1 e",~,........___..__-._._.____.____.._The _.
.following___$trippiriq_.....and .._._.cie~ninq _. compositionsware -__.__
__._~_._..prepared andtestedaccording tothe test ofExample 1..%
PolymericComnos~,tion 1Time (min)Te . oCI~.emaya~.
CarxosionMonoethanolamine 7oBO6S1,00NoWateras.o209aiooNaeenzotr~.azal.e1, .
oGallic Acid1.0Composi~ on
2AEE7020651D0~TpWater29.0-2090100No8enzatxiazole2% PolymericComposition
3Tim- e(~Temb.aCRemoval ~or~osinn602065100NoWaferZE.O2090X00NoGallic
Acid1.08enzctriazole1.0 Composition ~ Time(min) Tem oC% Polymeric v m R
lp.e o a CorrosionMorpholine602065100NQWaterz8.0209Dl00NoGallic
Acid8enaotri.azole1.0.: i r.. a,,: w'. 7013-27 , . :..: : :'. '..",: ..~~~
:;,: 



,...T4 iI _... 14 ~5~   0 8 JUL 2002 What is Claimed is: :1. ' A
composition for removing phoh,oresist and residue free of hydroxylamine
consisting essentially of about 70 to 85% by weight of an organic amine
having 1 to 5 carbon atoms, about o.5 to 2.5% by weight benzottiazole,
about - o.S to 2.5% by weight of gallic acid and th.e remainder being
water. _- . 2. The stripping and cleaning composition of~claim 1 wherein
said organic amine is an alkanolamine. 3. The stripping and cleaning
composition of claim 1 comprising about 70 to 85% by weight of N- .._
methylethanolamine, about 0.5 to 2.5 by weight of benzotriazo~.e., about
0.5 to 2.5% by weight of galliC ae3,d and the remainder being water. The
s~.ripping and cleaning composition of claim 1 where eaid oxganic amine is
moz-pholine. f>> 15~ (xeplacement page)   ,, , 0 8 Jtl~ ~ 200 A process for
removing a coating from a coated substrate comprising applying to said
coated aub9trate.a stripping' and cleaning effective amount of the
composition-of claim 1, permitting said stripping composition to reside on
said coated substrate for a etxi,pping eecti~re period of time and removing
the coating from the aubstxate. A process for removing a coating from a
coated substrate comprising applying to said Coated substrate a etx~,pping
and cleaning efeetive amount of the eompositxon of claim ~5, permuting said
stripping composition to reside on _ 'said coated substrate four a
stripping effective period of~.' timE and removing the coating from said
substrate. ( J-~ 
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