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Stripping and Cleaning Compositions 

Field Of the Invention 

The present invention relates to stripping and clea~;ng 

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 an.a. 
basic stripping and cleaning comi>ositions, particularly for. 

removal of photoresists and residues from $ubstrates. . ;~.:~ ·:·<:.:q_~--~Y/·.:·;:·.~:~---~·~.-:_;·.:~:;:;. ... ·-··· ---~-- ·... ... ... . · .. · . . .. 
. During'"irtianlifac.ture of.· s~miconductors arid. semiconductor 

15 microcircuits, it i~ frequently necessary to coat the 

substrates f.rom which the semiconductors and microcircuits 

are ma~ufactured with.~~ ·polymeric organic film, generally 

referred to as a photoresist, e.g., a substance which forms 

an etch res~st upon exposure to light. These photoresists 

20 are used to protect selected areas of the surface of the 

substrate, whi:le the etchant selective.ly attacks the 

unprotected area of the substrate. 

The substrate is typically a silicon dioxide coated 

silicon wafer and may also contain metallic rnicrocircuitry, 

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 strippi~g composition to remove the organic polymeric 

l 

I 
. J 



WOOl/14510 PCT/US00/21626 

substrate from·~ coated inorganic sub~trate without 

corroding, dissolving or dulling the metal circuitry or 

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 more than 25 percent by weight of 

water, especially for aluminum and aluminum and copper 

10 substrates. However, high water content improves the 

cleaning of the substrate to remove inorganic residue. 

Phenols 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 

. 15 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. 5,496,491 to ward, which is 

20 incorporated herein by reference, discloses a photoresist 

25 

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. 

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 aromatic 
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corrosion inhibitors. 

U.S. Pat~nt No. 5,707,947 to W~rd, which is herein 
. . 

incorporated by reference, discloses~organic stripping 
. .. 

compositions which can be used with ·the corrosion inhibitors 

5 of the p:rese:q.t invention. 

10 

15 

U.S. Patent·No. 4,617,251 to Sizensky, which is herein 

incorporated ·by reference, disclose~ .. stripping compositions 

in which the inhibitors of the present invention can be 

utilized. · 

U.S. Patent -Nos. 5;334,332 and 5,275,771 to Lee, which 

are herein i11c;:orporated by reference, disclose aqueous and 

organic stripping compositions containing hydroxylamines in 

which the inhibitors of· the present ·· invention can be 

utilized. 

U.S. Patent Nos. 5,571,447 and.~,698~503 to Ward et al, 

which are herein incorporated by reference, disclos'e acidic 

stripping com~osition in which the presently claimed 

corrosion inhibitors can be utilized. 

Publicat~on wo 98/36045 of EKC Technology, Inc. 

20 discloses a composition for removal of· chemical residues 

from metal or: dielectric surfaces or for chemical mechanical 

polishing of cqpper in an aqueous solution having a pH 

between 3 . 5 and 7 which contains a mono- , di- or 

trifunctional organic acid and a buffering amount of an 

25 amine, hydroxylamine or hydrazine compound .. These 

compositions contain oxidizing agen~s. It is, therefore, 

highly desirable to provide stripping compositions that 

exhibit substantially little human or environmental 
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toxicity, are. '1~ter miscib+·e and ar~t~~~pdegradable. 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. 

10 

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. 

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: 

R-COOH 

HOOC-

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 
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carbon atoms·· q~ a dihydroxy~lkyl grol.lp of 1-3 carbon atoms, 

or the anhydriqes thereof in ~ corrosion inhibitory 

effective amou*t. 

Advantagequsly, the stripping and cleaning compositions 

s contain water iind basic am:i.ne!';:J including hydroxylamines at a 

basic pH. 

The compositions of the invention are particularly 
. •' 

useful for rempving photoresists and residues on substrates. 

It is a general object of the invention to provide a 

10 corrosion inhibitor which can be used in basic or acidic 

stripping and 9leaning compositions: . 
. ·' 

It is another object of the invention to provide a 

corrosion inh:i.bitor for stripping compositions for 

photoresistsw~ich maintain an acceptable level of corrosion 

15 inhibition in the presence of high levels of water.· .1;. 

20 

25 

It is a further object of the invention to provide an 

aqueous stripping and cleaning composition for aluminum and 

copper ·substr~tes which have a high· stripping and cleaning 

efficacy. 

It is still a further object of the invention to 

provide corroedon inhibitors for semi-aqueous photoresist 

stripping comppsitions which are less expensive and are 

effective at low concentrations. 

Brief Description Of The Drawings 

Fig. 1 spows 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·...:o and SEM' s showing stripper/ cleaner 
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performance on}..V:~.a wafers wl:th an ali.P:fi?t.tic and aromatic 
. . ; .. ~ ..... ~;-~.? 

inhibitors. 

Description Of The Pref erred Embodim~hts 
According to the present invention there is provided 

5 novel corrosion inhibitors for use in aqueous stripping 

and/or cleaning compositions used in the semiconductor 

industry. More particularly, the present inhibitors are for 

use in acidic stripping and/or cleaning compositions which 

are free of oxidants and in basic stripping and cleaning 

10 compositions. The inhibitors of 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 

15 the invention have pKa values equal to or less than 3. 4. 

20 

The preferred inhibitors of the invention are malonic 

acid, malonic anhydride, fumaric acid, fumaric anhydride, 

maleic acid, maleic anhydride, malic acid, and malic 

anhydride. 

Corrosion inhibitors in an amount of up to about 15% by 

weight can be added to the stripping compositions. 

Preferably, the inhibitor concentration is from about 2 to 

8% 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 dianions of these inhibitors can chelate with metal 

cations and form stable five, six and seven membered rings. 
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The smaller molecular size of aliphat;ic acids allows denser 
.. :···· 

surface covera~~· 

The use o'f anhyd?,'ide~ in basic,' semi.-aqueoµs solvent 

blends will result in formation of tli~ acid, in situ. 

The organ~c;:: polar E:Jolvents touch, a broad range of 

classes, inclutj.ing N,N-diakylalkanoyl.amides, N-alkyl 

lactams, lactones, acetate esters of, ethylene glycol ethers, 

acetate esters of propylene gl¥col ethers, aliphatic amides, 

cyclic aliphatic sulfones, esters of dibasic acids, cyclic 

1 O ketones, sulfo:K,ides, ether alcohols and mixtures thereof. 

Advantageously, usetul solvents include dimethyl sulfoxide, 

N,N-dimethylac~tamide, N-methyl- 2-pyrrolidinone, 

y-butyrolacton4:, isophorone, carbitol acetate, methyl 

acetoxypropane, aliphatic.amides, cyclic heterocyclics, 

15 dimethyl adipate, dimetyl glutarate, tetrahydrofuryl 

alcohol, and the like. 

The alkanolamines suitable for use in the present 

invention ar~ miscible with the hydroJ{ylamine and are 

preferably water-soluble. Additionally, the alkanolamines 

20 useful in the present invention preferably have relatively 

high boiling ppints, such as for example 100 degrees c. or 

above, and a high flash point, such as for example 45 

degrees C. or above. Suitable alkanolamines are primary, 

secondary or tertiary amines and are preferably monoamines, 

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 
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invention can :t;>e, represented by the chemical formula 
·~·-- ··:~ ·, <1~;·'. . 

RiRrN-CH2CH2-0-R3 wherein Ri and R2 can be_ H, CH3, 
; ,;·:, 

··,•: , .. 

CH3CH2 or CH2cH;OH and RJ is CH2CH20H .. ,. 

Examples of suitable alkanolarnines include 

5 monoethanolarnine, diethanolamine, triethanolamine, 

tertiarybutyldiethanolamine isopropanolamine, 2-amino-1-

propanol, 3-amino-1-propanol, isobutanolarnine, 2-arnino-2-

ethoxyethanol, and 2-amino-2-ethoxy-propanol. 

Other polar solvents suitable for use in the stripping 

10 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 -_ 

15 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 utilized in the 

- present compositions depends on whether the compositions are 

20 acidic or basic stripping and cleaning compositions. The 

anhydrides are 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, hydroxylarnine 

2 5 in an acidic medium. 

The compositions of the invention are especially useful 

and advantageous for numerous reasons among which may be 

mentioned the following. The stripping. compositions are 
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water miscible, non-corrosive, non-flammable and of low 

toxicity to humans anc::l the environment. Because of the low 

ambient vapor pressure of the compositions they evidence 

substantially less evaporation than prior compositions and 

5 are non-react:iye and environ~entally comp·atible. 

The compo~itions.'J[lay be·recycled for multiple use or 

easily disposed of in an environmentally safe manner without 

the necessity for burdensome safety precautions. Likewise,· 

a portion of t;h.e stripped coatings may be readily removed as 

10 solids and col~ected for easy c::lisposal. The stripping 

compositions of this invention evidence higher stripping 

efficiency at lower temperatures for a wide variety of 

coatings and E!lµbstrates~ Moreover, the stripping 

cornposi tions are easily prepared by simply; mixing the ·· 

15 components at room temperature and thus reqliire nd'··special 

human or envLronmental · sa~ety precautions.· Furthe.rmore, the 

components of ·the stripping compositions of-this invention 

provide synerg:istic stripping action and permit readily and 

substantially complete removal of coatings from substrates. 

20 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 tP,e described stripping composition. 

25 The actual conditions, e.g. , temperature, time, etc. , depend 

on the nature and thickriess of the complex (photoresist 

and/or SWP) material to be removed, as well as other factors 

·familiar to those skilled in the art. In general, for 
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·•·. 

stripping, the·substrate is contacted or dipped into a 

vessel containing the stripping compd~ftion at an elevated 
":". 

temperature, pte~erably between 25 - · ~rfo .·degrees c. for a 

period of about 1-15 minutes and then washed with water. 

Representative organic polymeric materials include 

positive photoresists, electron beam resists, X-ray resists, 

ion beam resists, and the like. Specific examples of 

organic polymeric materials include positive resists 

containing phenolforrnaldehyde 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, oxides, hydroxides or complexes 

which form films or residues either alone or in combination 

15 with the organic polymer resins of a photoresist. The 

organic materials and/or SWP-can be removed from 

20 

25 

conventional substrates known-to those skilled in the art, 

such as silicon, silicon dioxide, aluminum, aluminum alloys, 

copper, copper alloys, etc. 

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 limit the 

scope of the present invention. 

The amounts indicated are in percent by weight of 

composition. 

Example 1 

· An acidic stripping and cleaning composition having 
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10 

15 

controlled dielectric etch capabilities is formed by 

admixing the following ingredients: 

Ingredient• 
DMAC· · 
Maleic ~ydride 
Ammonimn :ir1uoride (40%) 
Acetic Acid 
Ammonium ~cetate 

·Water 

Wt% 
57 .5 

8.0 
2.5 

12.0 
15.6 
q. s. 

100.00 

The composition has a pH between 4 and 5. 

Ex.ample 2 

An experiment was run to determine the quantitative 

corrosion inhibition efficiency data for aluminum and copper 

at so degrees C. Metal etch rates were determined using a . 

Veeco FPPSOOO ~lectrical probe system, which determines 

metal film thi9kness through resistivity measurements; and 

20 blanket metal ·films on silicon wafers. All :test·· wafers 

. contained 12·00.A of thermal ·oxide underneath the metal film. 

r is a quantitative measure of the effectiveness of the 

corrosion inhibitor and varies from 0% { .i.neffective) to 

100% (no corro$ion) . Values < 0% denote enhanced 

25 corrosion, most likely due to increased solubility of the 

chelation proquct in the solvents tested. The. order for 

increasing coz-rosion inhibition for aluminum and copper 

films in the stripper/cleaner solution comprised of dimethly 

acetamide (DMAC), water, and 45% choline hydroxide (wt% of 

30 64/30/6) is; ~-HQ < catechol < pyrogallol ethyl gallate < 

gallic acid = benzoic acid < phthalic acid/anhydride. The 

fact that benzoic acid provides the same protection as 
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gallic acid indicates that the carboxylic acid group is 

involved in corrosion inhibition. The fact that ethyl 
·!.- . . ·=::~ES"-:'.~-~\ 

gallate did not.provide the same level:',.bf corrosion 

inhibition as gallic acid also indicates that the carboxylic 

5 acid group is needed for maximum corrosion inhibition. When 

only phenolic hydroxy 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 larger 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 benzotriazole. 

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 varied from o 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 

malonic acid concentration of 0.096M, the corrosion 

inhibition efficiency was >95% for both aluminum and copper. 

25 The results are shown in Table 1. 
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.·Table 1 

Corrosion Inhibitor Efficiency <r> at 50 degrees c 

for Al and Cu Films 

DMAC/H20/Choline Hydroxide Matrix 

··Inhibitor ··pw·· "PKa .. ··.Coric·. (M) TAl (.%} , .. rcu {%) . Cone.- {M) TA1{%) -Pcii'<%l. 

8-HQ 145 - 9.51 0.069 so '• .,.3_07 -0 .. 34 ·98 59 
.· Catechol 110 9.85 0.091 50 70 _-- 0.45 98 -104 
Pyrogallol 126 .-9 ~ 80 0.079 50 33 0.40 99.8 26 
Gallic Acid . 170 4.41 0.059 s.o 0 0.29 99.9 -3 
Benzotriazole 119 --- . o-~004 '• 10 26 .o .42 100 .33 -
Malonic Acid 104 2.03 0.096 99 85 0.48 99.8 74 

·Fumaric Acid 116 3.03 0.086 .0 93 0.43 99~9 70 
Maleic Acid 116 1.83 0.086 77 89 0 .4-3 99.9 .-63 
D,L-Malic 134 3.40 0.075 77 48 0.37 99.9 ·01 

Acid 
BenzoicAcid 112 ·- 4 .19 . 0. 082 50 48 0.41 99.9 44 
Phthalic 166 2.89 0.060 17 85 0.30 99.9 78 

Acid 
Isophthalic 166 3.54 0.060 50 78 0.30 100 85 

Acid 
Phthalic 152 --- 0.066 so 89 0.33 100' 85 
Anhydr. 

,; 

FW and pKa were from CRC tables. 
r = (1- ER/ERo) x 100% which is:a quantitative measure of the effectiveness of the 
inhibitor ranging from O to 100. 
Etch rates determined for blanket films with a Veeco SOOOFFP four point probe. 
Solutions were run with magnetic stir agitation, 3' water rinse, and N2 dry. 
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What Is Claimed Is * C L M S * 

1. In basic and acidic stripping anq cleaning 

composition forfemoval of ,organic a~~ inorganic materials, 

said composition comprising water and an organic polar 

5 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 alkyl group of 1-3 carbon atoms, an alkylene group of 1-3 

carbon atoms, a hydroxyalkyl group of 1-3 carbon atoms or a 

10 dihydroxyalkyl group 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. 

2. The composition of claim 1 comprising at least 

15 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 inhibitor 

is selected from the group consisting of malonic acid, 

20 fumaric acid, maleic acid and malic acid. 

25 

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 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 monethanolamine, about 18% by 
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weight hydroxylamine, about 18% by weight water and about 5% 

by weight of malonic acid. 

9. A process for removing:. a coating f ram a coated 
. . . . ' 

substrate comprising applying t::o·· said· coated substrate a 

5 · stripping and· cleaning' effective amount of the composition 

of claim 1, peZ111itting said stripping composition to reside 

on said coated.~ube;trate for a•stripping effective period of 

time and removing the coating from said substrate. 

10. A propess .·for removing a coating . from a coated 

10 substrate com.prising applying to said coated substrate ·a 

stripping anc:i cleaning effective amount of the composition 

of claim 2, permitting said stripping composition to reside 

on said coated substrate for a stripping effective period of 

time and remoying the coating from Sel:id substrate. 

15 11. A pro,cess for removing a coating from a coated 

substrate comprising applying>to said coated substrate a 

stripping and cleaning effective amount of the composition 

of claim 3, peJ;l[litting said stripping composition to reside 

on said coated.substrate for a stripping effective period of 

20 time and remov~ng ··the. coating from said substrate. 

12. A pr9cess for removing a coating from a coated 

substrate comp:i::-ising·applying to said. coated substrate a 

stripping and cleaning .effective amount of the composition 

of claim 6, pe~itting said stripping composition to reside 

25 on said coatecl substrate for a stripping effective period of 

time and removing the coating from said substrate. 

13. A process for removing a·. c::oating from a coated 

substrate comprising applying to said coated substrate a 
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stripping and cleaning effective amount of the composition 

of claim 7, pe~itting said strippinJ composition to reside 

on said coated:~tibstrate for a strippfrlg effective period of 
. - ~· 

time and removing the coating from said substrate. 

14. A process for removing a coating from a coated 

substrate comprising applying to said coated substrate a 

stripping and cleaning effective amount of the composition 

of claim B, permitting said stripping composition to reside 

on said coated substrate for a stripping effective period of 

10 time and removing the coating from said substrate. 
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