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(57) ABSTRACT 

Aphotoresist stripping solution Which comprises (a) a salt of 
hydro?uoric acid With a base free from metal ions, (b) a 
Water-soluble organic solvent, (c) a mercapto group con 
taining corrosion inhibitor, and (d) Water, and a method of 
stripping photoresists With the use of the same are disclosed. 
In case of using ammonium ?uoride as component (a), the 
photoresist stripping solution may further contain (e) a salt 
of hydro?uoric acid With a quaternary ammonium hydrox 
ide, such as tetramethylammonium hydroxide, tetrapropy 
lammonium hydroxide, etc., and/or an alkanolamine. The 
photoresist stripping solution of the present invention has an 
excellent effect of protecting both Al- and Cu-based metal 
Wiring conductors from corrosion, of e?iciently stripping 
photoresist ?lms and post-ashing residues, and is free from 
the precipitation of the corrosion inhibitor. 
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PHOTORESIST STRIPPING SOLUTION AND A 
METHOD OF STRIPPING PHOTORESISTS USING 

THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a photoresist stripping 
solution and a method of stripping photoresists using the 
same. More particularly, it relates to a photoresist stripping 
solution Which is excellent in protecting both Al- and 
Cu-based Wiring conductors and other metal conductors 
from corrosion and in stripping photoresist ?lms and post 
ashing residues; and a method of photoresists using the 
same. The present invention is suitable for use in the 
fabrication of semiconductor devices such as ICs and LSIs, 
as Well as liquid-crystal panel apparatus. 

[0003] 2. Description of Relevant Art 

[0004] The fabrication of semiconductor devices such as 
ICs and LSIs, as Well as liquid-crystal panel apparatus, 
comprises forming a uniform photoresist coating over con 
ductive metallic layers, insulation layers such as an SiO2 
?lm formed on a substrate (silicon Wafer) by CVD; per 
forming selective exposure and development to form a 
photoresist pattern; selectively etching the substrate having 
the conductive metallic layers, the insulation layers formed 
thereon using the photoresist pattern as a mask to thereby 
form a microcircuit; and then removing the unWanted pho 
toresist layer With a stripping solution. For removal of such 
unWanted photoresist layers, various organic stripping solu 
tions has been used from safety and strippability stand 
points. 

[0005] Examples of the conductive metallic layers formed 

by CVD as described above include those of aluminum aluminum alloys (Al alloys) such as aluminum-silicon (Al— 

Si), aluminum copper (Al—Cu) and aluminum-silicon-cop 
per (Al—Si—Cu); titanium (Ti); titanium alloys (Ti alloys) 
such as titanium nitride (TiN) and titanium-tungsten (TiW); 
tantalum (Ta), tantalum nitride (TaN), tungsten (W), tung 
sten nitride (WN) and copper (Cu). These conductive metal 
lic ?lms are formed in one or more layers on the substrate. 
In recent years, both of devices having Al-based conductors 
(Al and Al alloy-based Wirings) and devices having Cu 
based conductors are coexisted. Accordingly, it has been 
required to protect both of these tWo types of devices from 
corrosion With the use of a single photoresist stripping 
solution. 

[0006] Furthermore, With the recent tendency toWard 
highly integrated, high-density circuits, dry etching enabling 
?ne etching With a higher density has become the major 
means. Also, it has been a practice to employ plasma ashing 
to remove the unWanted photoresist layers remaining after 
etching. After these etching and ashing treatments, residues 
comprising modi?ed photoresist ?lms and other components 
that are referred to horn-like shaped “veil”, “fences” or 
“side-Walls” remain on the bottom or side Wall of patterned 
grooves. In case of forming a pattern on a substrate having 
an Si-based interlayer ?lm, such as an Si-based insulation 
?lm (SiN ?lm, SiO2 ?lm, etc.) and a loW dielectric ?lm 
(SOG ?lm, etc.), Si-based residues (Si-based depositions) 
are sometimes formed around pattern hole openings. In 
addition, etching of metallic layers and ashing treatment 
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builds up metal depositions. Such post-ashing residues or 
depositions should be completely stripped aWay so as to 
keep good yields in the fabrication of semiconductors. 

[0007] In recent years, further highly-density and highly 
integrated substrates are needed, and thus the treating con 
ditions in the etching and ashing steps become more and 
more strict. As a result, it is also urgently required to achieve 
improved corrosion resistance of metal Wirings as Well as 
improved residue-strippability of stripping solutions, com 
pared With conventional ones. 

[0008] Under these circumstances, there have been fre 
quently employed stripping solutions for photoresists and 
post-ashing residues Which contain amines or hydro?uoric 
acid as the main component. Among all, those containing 
hydrof luoric acid as the main component shoW excellent 
strippability especially for post-ashing residues. 

[0009] Examples of stripping solutions containing hydrof 
luoric acid as the main component include: a resist stripping 
solution composition of pH 5-8 containing a salt of hydrof 
luoric acid With a base free from metal ions, a Water-soluble 
organic solvent and Water optionally together With a corro 
sion inhibitor (JP-A-9-197681); and a cleaner for semicon 
ductor devices containing a quaternary ammonium salt and 
a ?uorine compound, and further adding a Water-soluble 
organic solvent (JP-A-7-201794). 
[0010] The resist stripping solution composition in JP-A 
9-197681 is to a certain extent effective in strippability and 
anti-corrosivity on semiconductor devices having Al Wiring 
conductors, hoWever, it fails to exert any satisfactory effect 
of protecting devices having Cu Wiring conductors from 
corrosion. 

[0011] In the cleaner in JP-A-7-201794, tetramethylam 
monium formate and trimethyl(2-hydroxyethyl)ammonium 
salt are used as the quaternary ammonium salt. Although the 
corrosion of Cu Wiring conductors can be relieved to a 
certain extent by using these compounds, there arises 
another problem that strippability for Cu-based metallic 
depositions (residues) is still insuf?cient. 

[0012] JP-A-2000-273666 teaches a cleaner solution con 
taining a sulfur-based corrosion inhibitor for protecting Cu 
Wiring conductors from corrosion. HoWever, any satisfac 
tory strippability for Cu-based metallic depositions (resi 
dues) also cannot be established by using this cleaner 
solution. 

[0013] As discussed above, none of the conventional 
photoresist stripping solutions can satisfy both of the 
requirements for ef?cient strippability and effective inhibi 
tion of metal corrosion. This is because strippability offsets 
the performance of inhibiting corrosion in a photoresist 
stripping solution. That is to say, there is a problem that one 
of the above-described requirement cannot be ful?lled 
unless the other is sacri?ced. In the ultra?ne processing 
employed in these days, in particular, the strippability for 
photoresist ?lms and post-ashing residues should be further 
improved and it is therefore needed to enhance the effect of 
protecting metal Wirings from corrosion. Recent models of 
semiconductor devices can be divided into tWo type, one 
using Al Wiring conductors (Al, Al alloy and other Al-based 
metal Wiring) and the other using Cu Wiring conductors 
(Cu-based metal Wiring). In addition to the need to protect 
devices of these tWo types from corrosion With the use of a 
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single stripping solution, it is also required to provide 
effective protection against corrosion of other metals on the 
devices. Further improvements are desired to achieve effec 
tive stripping aWay of photoresists and post-ashing residues 
and to protect metal conductors from corrosion. 

SUMMARY OF THE INVENTION 

[0014] The present invention has been accomplished 
under these circumstances and has as an object of providing 
a photoresist stripping solution that is suitable for use in the 
photolithographic technology to form today’s semiconduc 
tor and liquid-crystal display devices having an ever 
decreasing feature siZe and an increasing number of inter 
level ?lms superposed on the substrate, and that can assure 
effective protection of Al, Cu and other Wiring metal con 
ductors against corrosion as Well as ef?cient stripping of the 
photoresist ?lm and post-ashing residues. 

[0015] To attain the above-described objects, the present 
invention provides a photoresist stripping solution Which 
comprises (a) a salt of hydrof luoric acid With a base free 
from metal ions, (b) a Water-soluble organic solvent, (c) a 
mercapto group containing corrosion inhibitor, and (d) 
Water. 

[0016] The present invention also provides a photoresist 
stripping solution Which further contains, in addition to 
components (a)-(d), With the proviso that component (a) is 
ammonium ?uoride, (e) a salt of hydro?uoric acid With a 
quaternary ammonium hydroxide represented by the folloW 
ing general formula (I) and/or an alkanolamine: 

(I) 

[0017] Wherein R1, R2, R3 and R4 are each independently 
an alkyl group or a hydroxyalkyl group having 1 to 4 carbon 
atoms. 

[0018] The present invention furthermore provides a 
method of stripping photoresists Which comprises forming a 
photoresist pattern on a substrate, etching the substrate using 
the photoresist as a mask, and thereafter stripping aWay the 
photoresist pattern from the substrate using the photoresist 
stripping solution as described above. 

[0019] The present invention still furthermore provides a 
method of stripping photoresists Which comprises forming a 
photoresist pattern on a substrate, etching the substrate using 
the photoresist as a mask, then plasma ashing the photoresist 
pattern, and thereafter stripping aWay post-plasma ashing 
residues from the substrate using the photoresist stripping 
solution as described above. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] The present invention Will be described beloW in 
detail. 

[0021] In the present invention, component (a) is a salt of 
hydro?uoric acid With a base free from metal ions. Prefer 
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able examples of the base free from metal ions include 
hydroxylamines, organic amines such as primary, secondary 
or tertiary aliphatic amines, alicyclic amines, aromatic 
amines and heterocyclic amines, aqueous ammonia, and 
loWer alkyl quaternary ammonium hydroxides. 

[0022] Speci?c examples of the hydroxylamines include 
hydroxylamine (NHZOH), N-methylhydroxylamine, N,N 
dimethylhydroxylamine and N,N-diethylhydroxylamine. 

[0023] Speci?c examples of the primary aliphatic amines 
include monoethanolamine, ethylenediamine and 2-(2-ami 
noethylamino)ethanol. 
[0024] Speci?c examples of the secondary aliphatic 
amines include diethanolamine, N-methylaminoethanol, 
dipropylamine and 2-ethylaminoethanol. 

[0025] Speci?c examples of the tertiary aliphatic amines 
include dimethylaminoethanol and ethyldiethanolamine. 

[0026] Speci?c examples of the alicyclic amines include 
cyclohexylamine and dicyclohexylamine. 

[0027] Speci?c examples of the aromatic amines include 
benZylamine, dibenZylamine and N-methylbenZylamine. 

[0028] Speci?c examples of the heterocyclic amines 
include pyrrole, pyrrolidine, pyrrolidone, pyridine, morpho 
line, pyraZine, piperidine, N-hydroxyethylpiperidine, 
oxaZole and thiaZole. 

[0029] Speci?c examples of the loWer alkyl quaternary 
ammonium salts include tetramethylammonium hydroxide 
(TMAH), tetraethylammonium hydroxide, tetrapropylam 
monium hydroxide, trimethylethylammonium hydroxide, 
(2-hydroxyethyl)trimethylammonium hydroxide, (2-hy 
droxyethyl)triethylammonium hydroxide, (2-hydroxyethyl 
)tripropylammonium hydroxide and (1-hydroxypropyl)trim 
ethylammonium hydroxide. 

[0030] Among these bases, aqueous ammonia, monoetha 
nolamine, N-methylaminoethanol, tetramethylammonium 
hydroxide and (2-hydroxyethyl)trimethylammonium 
hydroxide are preferable from availability and safety stand 
points. 
[0031] The bases free from metal ions may be used either 
alone or in combination With one another. 

[0032] The salt of hydro?uoric acid With the base free 
from metal ions may be prepared using a commercially 
available hydro?uoric acid having a concentration of 
50-60% and adding thereto the base free from metal ions. As 
the salt, ammonium ?uoride (NH4F) may be the most 
desirable. Either one or more salts may be used as compo 

nent (a). 

[0033] The content of component (a) preferably ranges 
0.1-10 mass percent, still preferably 0.2-3 mass percent in 
the stripping solution of the invention. In case Where the 
content of component (a) is too large, Cu Wiring conductors 
tend to corrode. In case Where its content is too small, on the 
other hand, the strippability is liable to be loWered. 

[0034] As component (b) that is a Water-soluble organic 
solvent, use may be made of those commonly employed in 
the art. Such a Water-soluble organic solvent is not speci? 
cally restricted so long as it is miscible With Water and other 
components employed in the present invention. Speci?c 
examples thereof include: sulfoxides, such as dimethyl 
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sulfoxide; sulfones, such as dimethyl sulfone, diethyl sul 
fone, bis(2-hydroxyethyl)sulfone and tetramethylene sul 
fone; amides, such as N,N-dimethylformamide, N-methyl 
formamide, N,N-dimethylacetamide, N-methylacetamide 
and N,N-diethylacetamide; lactams, such as N-methyl-2 
pyrrolidone, N-ethyl-2-pyrrolidone, N-propyl-2-pyrroli 
done, N-hydroxymethyl-2-pyrrolidone and N-hydroxyethyl 
2-pyrrolidone; imidaZolidinones, such as 1,3-dimethyl-2 
imidaZolidinone, 1,3-diethyl-2-imidaZolidinone and 1,3 
diisopropyl-2-imidaZolidinone; and polyhydric alcohols and 
derivatives thereof, such as ethylene glycol, ethylene glycol 
monomethyl ether, ethylene glycol monoethyl ether, ethyl 
ene glycol monobutyl ether, ethylene glycol monomethyl 
ether acetate, ethylene glycol monoethyl ether acetate, dieth 
ylene glycol, diethylene glycol monomethyl ether, diethyl 
ene glycol monoethyl ether, diethylene glycol monobutyl 
ether, propylene glycol monomethyl ether, propylene glycol 
monoethyl ether, propylene glycol monopropyl ether and 
propylene glycol monobutyl ether. Among these organic 
solvents, preferable ones are dimethylformamide, N-methyl 
2-pyrrolidone and dimethyl sulfoxide. Dimethylformamide 
is the most desirable since it can be easily handled after 
stripping treatment. Either one or more solvents may be used 
as component 

[0035] The content of component (b) preferably ranges 
30-80 mass percent, still preferably 40-75 mass percent in 
the stripping solution of the present invention. In case Where 
the content of component (b) is too large, the strippability is 
liable to be loWered. In case Where its content is too small, 
on the other hand, various metal Wiring conductors tend to 
corrode. 

[0036] Although the mercapto group containing corrosion 
inhibitor to be used as component (c) is not speci?cally 
restricted so long as it can protect metal atoms employed in 
Wiring conductors (in particular, Al Wiring or Cu Wiring) 
from corrosion, it is preferable to use a compound having in 
its structure a hydroxyl group and/or a carboxyl group at 
least one of the ot- and [3-positions. Speci?c examples of 
such a compound include l-thioglycerol, 3-(2-aminophe 
nylthio)-2-hydroxypropylmercaptan, 3-(2-hydroxyeth 
ylthio)-2-hydroxypropylmercaptan, 2-mercaptopropionic 
acid and 3-mercaptopropionic acid. Among these com 
pounds, l-thioglycerol is particularly preferable. In the 
present invention, component (c) is used as a corrosion 
inhibitor to thereby achieve an excellent effect of protecting 
Al and Cu Wiring conductors from corrosion as Well as an 
effect of preventing precipitation of the corrosion inhibitor. 

[0037] Either one or more compounds may be used as 
component The content of component (c) preferably 
ranges 0.1-10 mass percent, still preferably 0.2-5 mass 
percent in the stripping solution of the invention. In case 
Where the content of component (a) is too small, there is a 
fear that insuf?cient effect may be provided for protecting in 
particular Cu Wiring conductors from corrosion. 

[0038] Component (d) in the stripping solution of the 
invention is Water. Although some Water is contained inevi 
tably in other components, Water is intentionally added to 
adjust the content. The content of component (d) is the 
balance of the stripping solution of the present invention. 

[0039] In addition to components (a)-(d), With the proviso 
that component (a) is ammonium ?uoride, the stripping 
solution of the invention may further incorporate into the 
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stripping solution (e) a salt of hydrof luoric acid With a 
quaternary ammonium hydroxide represented by the folloW 
ing general formula (I) and/or an alkanolamine: 

(I) 

[0040] Wherein R1, R2, R3 and R4 are each independently 
an alkyl group or a hydroxyalkyl group having 1 to 4 carbon 
atoms. Use of component (e) contributes to the improvement 
in the strippability Without seriously damaging Cu. 
[0041] Speci?c examples of the quaternary ammonium 
hydroxide represented by the general formula (I) include 
tetramethylammonium hydroxide (TMAH), tetraethylam 
monium hydroxide, tetrapropylammonium hydroxide, tet 
rabutylammonium hydroxide, monomethyltripleammonium 
hydroxide, trimethylethylammonium hydroxide, (2-hy 
droxyethyl)trimethylammonium hydroxide, (2-hydroxyeth 
yl)triethylammonium hydroxide, (2-hydroxyethyl)tripropy 
lammonium hydroxide and 
(1-hydroxypropyl)trimethylammonium hydroxide. Among 
these compounds, TMAH, tetraethylammonium hydroxide, 
tetrapropylammonium hydroxide, tetrabutylammonium 
hydroxide, monomethyltripleammonium hydroxide, (2-hy 
droxyethyl)trimethylammoniumhydroxide, etc. are prefer 
able from availability and safety standpoints. 
[0042] Examples of the above-described alkanolamines 
include monoethanolamine, diethanolamine, triethanola 
mine, 2-(2-aminoethoxy)ethanol, N,N-dimethylethanola 
mine, N,N-diethylethanolamine, N,N-dibutylethanolamine, 
N-methylethanolamine, N-ethylethanolamine, N-butyletha 
nolamine, N-methyldiethanolamine, monoisopropanola 
mine, diisopropanolamine and triisopropanolamine. Among 
these compounds, N-methylethanolamine is particularly 
preferable in terms of protecting Cu Wiring conductors from 
corrosion. 

[0043] Either one or more compounds may be used as 
component (e). The content of component (e) preferably 
ranges 0.1-10 mass percent, still preferably 0.2-3 mass 
percent in the stripping solution of the invention. In case 
Where the content of component (e) is too large, Al Wiring 
conductors tend to corrode. 

[0044] In case of using component (e) in the present 
invention, it is preferable to adjust the composition ratio of 
ammonium ?uoride employed as component (a) to compo 
nent (e) [ammonium ?uoride: component (e)] to from 2:8 to 
8:2 by mass, still preferably from 3:7 to 7:3. By regulating 
the composition ratio of ?uoride ammonium to component 
(e) Within the range as speci?ed above, metal Wiring con 
ductors can be more efficiently protected from corrosion. In 
case Where the content of ammonium ?uoride exceeds the 
upper limit as speci?ed above, Al-based Wiring conductors 
are prone to corrode. In case Where the content of compo 
nent (e) exceeds the upper limit as speci?ed above, on the 
other hand, Cu-based Wiring conductors are prone to cor 
rode. 

[0045] In order to improve penetrating properties, the 
stripping solution of the invention may further contain, as an 
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optional component, an acetylene alcohol/alkylene oxide 
adduct prepared by adding an alkylene oxide to an acetylene 
alcohol. 

[0046] As the acetylene alcohol as described above, use 
may be preferably made of compounds represented by the 
following general formula (II): 

(11) 
R6 

[0047] Wherein R5 is a hydrogen atom or a group repre 
sented by the folloWing formula (III); 

(III) 
Rs 

[0048] and R6, R7, R8 and R9 are each independently a 
hydrogen atom or an alkyl group having 1-6 carbon atoms. 

[0049] These acetylene alcohols are commercially avail 
able under trade names of “Surfynol” and “Ol?n” series 
(both are produced by Air Products and Chemicals Inc.). 
Among these commercial products, “Surfynol 104”, “Sur 
fynol 82” or mixtures thereof are most preferred for the 
physical properties. Use can be also made of “Ol?n B”, 
“Ol?n P”, “Ol?n Y” etc. 

[0050] As the alkylene oxide to be added to the acetylene 
alcohol as described above, it is preferred to use ethylene 
oxide, propylene oxide or a mixture thereof. 

[0051] In the present invention, it is preferable to use, as 
the acetylene alcohol/alkylene oxide adduct, compounds 
represented by the folloWing general formula (IV): 

(IV) 
R11 

R12 

[0052] Wherein R10 is a hydrogen atom or a group repre 
sented by the folloWing formula (V): 

(V) 
R13 

R14 

[0053] and R11, R12, R13 and R14 are each independently 
a hydrogen atom or an alkyl group having 1-6 carbon atoms; 
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(n+m) is an integer of 1 to 30, Which is the number of 
ethylene oxide molecules added. This number subtly affects 
the properties of the compound such as Water solubility and 
surface tension. 

[0054] The acetylene alcohol/alkylene oxide adducts per 
se are knoWn as surfactants. These products are commer 

cially available under the trade name “Surfynol” series 
(products of Air Product and Chemicals Inc.) and “Acety 
lenol” series (products of KaWaken Fine Chemicals Co., 
Ltd.) and have been appropriately utiliZed. Among these 
products, it is preferred to use “Surfynol 440” (n+m=3.5), 
“Surfynol 465” (n+m=10), “Surfynol 485” (n+m=30), 
“Acetylenol EL” (n+m=4), “Acetylenol EH” (n+m=10) or 
mixtures thereof, in vieW of the changes in their physical 
properties such as Water solubility and surface tension 
depending on the number of ethylene oxide molecules 
added. Amixture of “Acetylenol EL” With “Acetylenol EH” 
in a mass ratio of 2:8 to 4:6 is particularly desirable. 

[0055] Use of the acetylene alcohol/alkylene oxide adduct 
makes it possible to improve the penetrating properties and 
Wetting properties of the stripping solution. 

[0056] When the stripping solution of the invention con 
tains the acetylene alcohol/alkylene oxide adduct, the con 
tent thereof is preferably 0.05-5 mass percent, more prefer 
ably 0.1-2 mass percent. When the content exceeds the upper 
limit as de?ned above, it tends to cause foaming but the 
Wetting properties cannot be improved any more. When the 
content is less than the loWer limit as de?ned above, on the 
other hand, the desired improvement in the Wetting proper 
ties can be scarcely obtained. 

[0057] To complete the stripping treatment in a short 
period of time, the stripping solution of the invention may 
further contain an acidic compound. Examples of the acidic 
compound include hydrof luoric acid, acetic acid and gly 
colic acid. In case of using such an acidic compound, its 
content is preferably 1 mass percent or less. When the 
stripping solution of the invention contains the acidic com 
pound, the strippability of Si-based depositions can be 
particularly improved. Thus, the stripping time can be short 
ened and an excellent effect of stripping Si-based deposi 
tions can be established thereby. 

[0058] The photoresist stripping solution of the invention 
can advantageously be used With all photoresists, Whether 
negative- or positive-Working, that can be developed With 
aqueous alkaline solutions. Such photoresists include, but 
are not limited to, a positive-Working photoresist con 
taining a naphthoquinonediaZide compound and a novolak 
resin, (ii) a positive-Working photoresist containing a com 
pound that generates an acid upon exposure, a compound 
that decomposes With an acid to have a higher solubility in 
aqueous alkali solutions, and an alkali-soluble resin, (iii) a 
positive-Working photoresist containing a compound that 
generates an acid upon exposure and an alkali-soluble resin 
having a group that decomposes With an acid to have a 
higher solubility in aqueous alkali solutions, and (iv) a 
negative-Working photoresist containing a compound that 
generates an acid upon illumination With light, a crosslinker 
and an alkali-soluble resin. 

[0059] According to the invention, photoresists are 
stripped aWay by one of tWo methods Which have the 
folloWing steps in common: forming a photoresist pattern by 
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lithography on a substrate having conductive metallic layers, 
insulation layers and loW-dielectric layers thereon, and 
selectively etching the layers With the photoresist pattern 
used as a mask to form a ?ne-line circuit. After these steps, 
the photoresist pattern is immediately stripped aWay 
(method I), or the etched photoresist pattern is subjected to 
plasma ashing and thereby post-ashing residues, such as the 
modi?ed photoresist ?lm (photoresist ?lm residue) and 
metal deposition, are stripped aWay (method II). 

[0060] An example of method I in Which the photoresist 
?lm is stripped aWay immediately after etching comprises: 

[0061] (I) providing a photoresist layer on a substrate; 

[0062] (II) selectively exposing said photoresist layer; 

[0063] (III) developing the exposed photoresist layer to 
provide a photoresist pattern; 

[0064] (IV) etching the substrate to form a pattern using 
said photoresist pattern as a mask; and 

[0065] (V) stripping aWay the photoresist pattern from the 
etched substrate using the photoresist stripping solution of 
the present invention. 

[0066] An example of method II in Which the modi?ed 
photoresist ?lm and metal deposition resulting from plasma 
ashing are stripped aWay after etching comprises: 

[0067] (I) providing a photoresist layer on a substrate; 

[0068] (II) selectively exposing said photoresist layer; 

[0069] (III) developing the exposed photoresist layer to 
provide a photoresist pattern; 

[0070] (IV) etching the substrate to form a pattern using 
said photoresist pattern as a mask; 

[0071] (V) plasma ashing the photoresist pattern; 

[0072] (VI) stripping aWay the post-ashing residues using 
the photoresist stripping solution of the present invention. 

[0073] The speci?c advantage of the present invention 
resides in that the photoresist stripping solution has excellent 
effects of stripping photoresist ?lms and post-ashing resi 
dues (modi?ed photoresist ?lms, metal depositions, etc.) and 
protecting a substrate having metal conductors from corro 
sion both in stripping aWay photoresists formed on a sub 
strate havingAl Wiring conductors and formed on a substrate 
having Cu Wiring conductors. 

[0074] Examples of the metal Wiring conductors include, 

but are not limited to, those made of aluminum aluminum alloys such as aluminum copper (Al—Cu) and 

aluminum-silicon-copper (Al—Si—Cu); titanium (Ti); tita 
nium alloys (Ti alloys) such as titanium nitride (TiN) and 
titanium-tungsten (TiW); and copper (Cu). 

[0075] Using conventional photoresist stripping solutions, 
it is very dif?cult to satisfy both of the requirements for 
ef?cient strippability for photoresists and post-ashing resi 
dues and effective inhibition of metal corrosion in Al-based 
Wiring devices and Cu-based Wiring devices. According to 
the present invention, hoWever, both of these requirements 
can be successfully satis?ed by combining components 
(a)-(d) With each other. Using component (e) in addition to 
components (a)-(d), With the proviso that component (a) is 

Jun. 19, 2003 

ammonium ?uoride, the strippability can be further 
improved Without seriously damaging Cu. 

[0076] In the second stripping method described above, 
residue adhere to the substrate surface after plasma ashing, 
such as photoresist residue (modi?ed photoresist ?lm) and 
metal deposition that formed during etching of the metal 
?lm. These residues are contacted by the stripping solution 
of the invention so that they are stripped aWay from the 
substrate surface. Plasma ashing is inherently a method for 
removing the photoresist pattern but it often occurs that part 
of the photoresist pattern remains as a modi?ed ?lm; the 
present invention is particularly effective for the purpose of 
completely stripping aWay such modi?ed photoresist ?lm. 

[0077] In forming the photoresist layer, and exposing, 
developing and etching treatments, any conventional means 
may be employed Without particular limitation. 

[0078] After the development step (III) or the stripping 
step (V) or (VI), conventional rinsing may optionally be 
performed using pure Water, loWer alcohols, etc., folloWed 
by drying. 

[0079] The photoresist is usually stripped by the dip, 
shoWer or paddle method. The stripping time is not limited 
to any duration as long as it is suf?cient to achieve removal 
of the photoresist. 

EXAMPLES 

[0080] The folloWing examples are provided for the pur 
pose of further illustrating the present invention but are in no 
Way to be taken as limiting. Unless otherWise noted, all 
compounding amounts are expressed by mass percent. 

[0081] [Treatment 1] 
[0082] A silicon Wafer having an SiO2 layer formed 
thereon Was used as a substrate. On this substrate, a TiN 
layer, an Al—Si—Cu layer and another TiN layer Were 
successively formed thereon respectively as the ?rst, second 
and third layers. The topmost layer Was spin-coated With a 
positive-Working photoresist (TDUR-P015 of Tokyo Ohka 
Kogyo Co., Ltd.), Which Was prebaked at 80° C. for 90 
seconds to form a photoresist layer 0.7 pm thick. 

[0083] The photoresist layer Was exposed through a mask 
pattern using EPA 3000 EX3 (Canon Inc.), then subjected to 
post-exposure bake at 110° C. for 90 seconds and developed 
With an aqueous solution of 2.38 mass percent tetraammo 
nium hydroxide (TMAH) to form a photoresist pattern of 
400 nm in line-and-space. Subsequently it Was subjected to 
dry etching and plasma ashing. 

[0084] [Treatment II] 
[0085] A silicon Wafer having Cu layer that is overlaid 
With an SiO2 layer formed by plasma CVD Was used as a 
substrate. The substrate Was spin-coated With a positive 
Working photoresist (TDUR-P015 of Tokyo Ohka Kogyo 
Co., Ltd.), Which Was prebaked at 80° C. for 90 seconds to 
form a photoresist layer 0.7 pm thick. 

[0086] The photoresist layer Was exposed through a mask 
pattern using EPA 3000 EX3 (Canon Inc.), then subjected to 
post-exposure bake at 110° C. for 90 seconds and developed 
With an aqueous solution of 2.38 mass percent tetraammo 
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nium hydroxide (TMAH) to form a hole pattern of 200 nm 
in diameter. Subsequently it Was subjected to dry etching 
and plasma ashing. 

[0087] EXAMPLES 1-8 and 
EXAMPLES 1-5 

COMPARATIVE 

[0088] The thusly treated substrate in treatment I or II as 
described above Was dipped (25° C., 5 minutes) in each 
photoresist stripping solution as indicated in Table 1 for 
stripping. In Example 8, dipping Was carried out for 1 
minute. After the completion of the stripping treatment, each 
substrate Was rinsed With puri?ed Water. Then the substrate 
Was observed under a scanning electron microscope (SEM) 
to evaluate strippability of the post-ashing residues, state of 
corrosion of metal Wiring conductors and precipitation of the 
corrosion inhibitor. The results are shoWn in Table 2. 

[0089] The strippability of the post-ashing residues, state 
of corrosion of metal Wiring conductors and precipitation of 
the corrosion inhibitor Were evaluated in accordance With 
the folloWing criteria. 

[0090] The strippability of the post-ashing residues Was 
evaluated by using the substrate treated in treatment II. 
Regarding the protection of metals from corrosion, the 
substrate treated in treatment I Was mainly used for Al 
Wiring, and the one treated in treatment II Was mainly used 
for Cu Wiring. The precipitation of the corrosion inhibitor 
Was evaluated by using the substrate treated in treatment II. 

[0091] [Strippability of Post-ashing Residues (Cu-based 
Depositions and Si-based Depositions)] 

[0092] (9: Complete stripping 

[0093] 0: Almost complete stripping 

[0094] A: Some residues remained 

[0095] X: Much residues remained 

[0096] [Protection of Metal Wiring Conductors (Al and 
Cu) from Corrosion] 

[0097] (9: No corrosion found 

[0098] 0: Little corrosion found 

[0099] A: Suffered from someWhat corrosion 

[0100] X: Suffered from corrosion 

[0101] [State of Precipitation of Corrosion Inhibitor] 

[0102] (9: No precipitation of corrosion inhibitor 
found 

[0103] 0: Little precipitation of corrosion inhibitor 
found 

[0104] A: Suffered from someWhat precipitation of 
corrosion inhibitor 

[0105] X: Suffered from precipitation of corrosion 
inhibitor 
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TABLE 1 

Photoresist stripping solution (mass %) 

Other 
Compo- Compo- Com- Compo- Compo- com 
nent (a) nent ponent (c) nent (d) nent (e) ponent 

Ex. 1 NH4F DMSO Cor. inhib. Water — — 

(0.5) (70) A (2) (27.5) 
Ex. 2 NH4F DMSO Cor. inhib. Water — — 

<2) (50) B <1) (47) 
Ex. 3 NH4F DMF Cor. inhib. Water — acetylene 

(1) (60) C (1) (37.5) alcohol/ 
alkylene 
oxide ad 
duct (0.5) 

Ex. 4 NH4F DMSO Cor. inhib. Water HF/I‘MAH — 

(0.5) (70) D (1) (28) (0.5) 
Ex. 5 NH4F DMSO Cor. inhib. Water HF/T PAH acetylene 

(1.2) (50) E (0.5) (45.5) (1.8) alcohol/ 
alkylene 
oxide ad 
duct (0.5) 

Ex. 6 NH4F DMF Cor. inhib. Water HF/I‘MAH — 

(0.6) (70) A (1) (28) (0.4) 
Ex. 7 NH4F NMP Cor. inhib. Water HF/I‘MAH — 

(0.4) (70) A (1) (28) (0.6) 
Ex. 8 NH4F NMP Cor. inhib. Water HF/I‘MAH acetic 

(0.5) (70) A (1) (27.7) (0.5) acid (0.3) 
Corn. NH4F DMSO Cor. inhib. Water — — 

Ex. 1 (2) (60) X (2) (36) 
Corn. NH4F DMSO Cor. inhib. Water — — 

Ex. 2 (1) (50) Y (1) (48) 
Corn. NH4F DMSO Cor. inhib. Water — — 

EX. 3 (0.5) (75) 2(2) (225) 
Corn. NH4F DMSO Cor. inhib. Water HF/I‘MAH — 

Ex. 4 (0.5) (70) X (1) (28) (0.5) 
Corn. NH4F DMSO Cor. inhib. Water HF/T PAH — 

Ex. 5 (2) (50) X (0.5) (46.5) (1) 

The symbols used in Table 1 to indicate respective components have the 
following de?nitions. 

DMSO: dimethyl sulfoxide 
DMF: dimethylformamide 
NMP: N-methyl-2-pyrrolidone 
Cor. inhib. A: 1-thioglycerol 
Cor. inhib. B: 3-(2-aminophenylthio)—2—hydroxypropylmercaptan 
Cor. inhib. C: 3-(2-hydroxyethylthio)—2-hydroxypropylmercaptan 
Cor. inhib. D: 2-mercaptopropionic acid 
Cor. inhib. E: 3-mercaptopropionic acid 
Cor. inhib. X: 2,2’-{[(4-methyl-1H-benZo-triaZol-l—yl)methyl]imino}— 
bisethanol (“IRGAMET 42”) 
Cor. inhib. Y: pyrogallol 
Cor. inhib. Z: pyrocatechol 
HF/I‘MAH: salt of hydro?uoric acid With tetramethyl-ammonium 
hydroxide (TMAH) 
HF/T PAH: salt of hydro?uoric acid With tetrapropyl-ammonium 
hydroxide (T PAH) 

[0106] 

TABLE 2 

Protection of 
Strippability of metal conductor 

post-ashing residues from corrosion Precipitation 

Cu-based Si-based Cu Al of corrosion 
deposition deposition Wiring Wiring inhibitor 

Ex. 1 o o o o 0 

Ex. 2 o o o o 0 

Ex. 3 o o o o 0 

Ex. 4 o 0 ® 0 0 

Ex. 5 o 0 ® 0 o 
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TABLE 2-continued 

Protection of 
metal conductor 
from corrosion 

Strippability of 
post-ashing residues Precipitation 

Cu-based Si-based Cu Al of corrosion 
deposition deposition Wiring Wiring inhibitor 

EX. 6 o 0 ® 0 o 

EX. 7 o 0 ® 0 o 

EX. 8 0 ® ® 0 0 
Com. EX. 1 o o A o X 

Com. EX. 2 o o X o 0 

Com. EX. 3 o o X o 0 

Com. EX. 4 o o A o X 

Com. EX. 5 o o A o X 

[0107] As described above in detail, according to the 
present invention, there is provided an excellent photoresist 
stripping solution that causes no corrosion of Al and Cu 
Wiring conductors or any other metals, has excellent strip 
pability for photoresist ?lms and post-ashing residues and is 
free from precipitation of a corrosion inhibitor. Use of the 
photoresist stripping solution of the present invention makes 
it possible to effectively protect both of devices having Al 
Wiring conductors and devices having Cu Wiring conductors 
from corrosion. 

What is claimed is: 
1. A photoresist stripping solution Which comprises (a) a 

salt of hydro?uoric acid With a base free from metal ions, (b) 
a Water-soluble organic solvent, (c) a mercapto group con 
taining corrosion inhibitor, and (d) Water. 

2. The photoresist stripping solution according to claim 1, 
Wherein component (a) is ammonium ?uoride. 

3. The photoresist stripping solution according to claim 1, 
Wherein component (b) is at least one member selected from 
among dimethylformamide, N-methyl-2-pyrrolidone and 
dimethyl sulfoxide. 

4. The photoresist stripping solution according to claim 1, 
Wherein component (c) is a compound having in its structure 
a hydroxyl group and/or a carboxyl group at least one of the 
(X- and [3-positions. 

5. The photoresist stripping solution according to claim 1, 
Wherein component (c) is at least one member selected from 
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among l-thioglycerol, 3-(2-aminophenylthio)-2-hydrox 
ypropylmercaptan, 3-(2-hydroxyethylthio)-2-hydroxypro 
pylmercaptan, 2-mercaptopropionic acid and 3-mercapto 
propionic acid. 

6. The photoresist stripping solution according to claim 1, 
Which further contains, in addition to components (a)-(d), 
With the proviso that component (a) is ammonium ?uoride, 
(e) a salt of hydro?uoric acid With a quaternary ammonium 
hydroxide represented by the folloWing general formula (I) 
and/or an alkanolamine: 

(1) 
R1 + 

Wherein R1, R2, R3 and R4 are each independently an alkyl 
group or a hydroxyalkyl group having 1 to 4 carbon atoms. 

7. The photoresist stripping solution according to claim 6, 
Wherein the composition ratio of component (a) : component 
(e) ranges from 2:8 to 8:2 by mass. 

8. A method of stripping photoresists Which comprises 
forming a photoresist pattern on a substrate, etching the 
substrate using said photoresist as a mask, and thereafter 
stripping aWay the photoresist pattern from the substrate 
using the photoresist stripping solution according to any one 
of claims 1-7. 

9. A method of stripping photoresists Which comprises 
forming a photoresist pattern on a substrate, etching the 
substrate using said photoresist as a mask, then plasma 
ashing the photoresist pattern, and thereafter stripping aWay 
post-plasma ashing residues from the substrate using the 
photoresist stripping solution according to any one of claims 
1-7. 

10. The method of stripping photoresists according to 
claim 8 or 9, Wherein the substrate has either Al Wiring 
conductor or Cu Wiring conductor or both thereon. 

11. The method of stripping photoresists according to 
claim 8 or 9, Wherein the substrate has at least an Si-based 
interlevel ?lm thereon. 


