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ETCHING SOLUTION COMPOSITION FOR 
METAL FILMS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an etching solution 
composition for metal films for use in the manufacturing 
processes of liquid crystal display devices and Semiconduc 
tor devices. 

0003 2. Description of Related Art 
0004. As the etching solution used in the manufacturing 
processes of liquid crystal display devices and Semiconduc 
tor devices, a liquid mixture of fluorinated acid, nitric acid, 
acetic acid, and water; a liquid mixture of fluorinated acid, 
nitric acid, and water, a liquid mixture of fluorinated acid, 
ammonium fluoride, and water, a liquid mixture of hydro 
chloric acid and nitric acid; a liquid mixture of diammonium 
cerium nitrate (IV), nitric acid, and water; a liquid mixture 
of diammonium cerium nitrate (IV), perchloric acid, and 
water, a liquid mixture of phosphoric acid, nitric acid, acetic 
acid, and water, or a liquid mixture of phosphoric acid, nitric 
acid, and water is generally known. 
0005 Out of these, phosphoric acid based etching solu 
tions are frequently used Since they are stable and inexpen 
Sive, have little effect on an insulation film in the lower layer, 
and excel in the controllability of etching. 
0006. In the field where multi-layer wiring is required 
Such as the field of liquid crystal display devices and 
Semiconductor devices, a significant challenge in the future 
would be the control to configure the Section of the wiring 
to be a tapered shape to keep up with the trend of the 
utilization of thinner films in more layers. 
0007 From the growing need of lower resistance for 
wiring materials in accordance with the advancement of the 
densification and miniaturization of patterns, aluminum or 
an aluminum alloy, for example, is being used as the wiring 
material; typical multi-layer wiring is fabricated by forming 
an insulation layer on aluminum or aluminum alloy wiring 
by any suitable means, followed by further forming alumi 
num or aluminum alloy wiring in the upper layer thereon. 
The aluminum or aluminum alloy wiring in the lower layer 
needs to have a croSS Section of a tapered shape to improve 
the covering property of the insulation layer lying thereon. 
In this case, the control of the tapered shape of the wiring in 
the lower layer (the control of side etching) is important, and 
failing to obtain a tapered shape with a desired angle may 
lead to breaks of the wiring in the upper layer. 
0008. It is possible, in a wet etching process, to form 
wiring with a tapered shape by etching an aluminum or 
aluminum alloy film using a liquid mixture of phosphoric 
acid-nitric acid-acetic acid-water. It has been reported that, 
in using the liquid mixture of phosphoric acid-nitric acid 
acetic acid-water of volume ratio of 16:2 to 8:2:1, when the 
baking temperature of the resist is adequate and the resist 
adheres adequately to the metal film, etching will occur with 
a large taper angle close to a right angle; however, when the 
baking temperature of the resist is slightly lower than an 
adequate temperature, the etching Solution tends to penetrate 
into the interface between the resist and the metal film, 
thereby causing the etching Surface of the metal film to be 
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formed in an one-step tapered shape inclining toward the 
center of the metal film, and when the concentration of nitric 
acid is raised, the taper angle will be decreased (See, for 
example, patent document 1 listed below). On the other 
hand, it is known that when the concentration of nitric acid 
is low, an one-step tapered shape with a large taper angle 
will be formed, but when the concentration of nitric acid is 
further raised, the etching rate at the interface between the 
resist and metal film will be increased thereby resulting in 
the formation of a two-step tapered shape consisting of a 
Step with a Small taper angle formed on the Side of the 
interface between the resist and metal film and a step with 
a large taper angle formed on the Side of the Substrate, and 
when the concentration of nitric acid is further raised, an 
one-step tapered shape with a Small inclination will be 
formed (see, for example, patent document 2, patent docu 
ment 3 and literature 1 listed below). However, a higher 
concentration of nitric acid will increase the etching rate of 
the aluminum or aluminum alloy film and therefore degrade 
the controllability of the etching, making it difficult to obtain 
a desired definite tapered shape. 
0009 Further, based on the fact that a larger area of 
aluminum exposed from the resist film will result in a higher 
etching rate, a technique has been disclosed in which, in 
order to obtain a desired definite taper angle, for example, in 
the range of 30 to 50 degrees, the shape of the wiring is 
formed by a dry etching, thereafter a resist pattern is further 
formed to remove the resist in the end portion of the wiring, 
which is to be formed into a tapered shape, and the area 
adjacent thereto where there is no wiring, and thereafter 
aluminum film is etched using an etching Solution consisting 
of phosphoric acid, nitric acid, acetic acid, and water (an 
optimal nitric acid composition is 11.36% to 12.78% by 
mass)(see, for example, patent document 4 listed below). 
However, this method, which requires both of a dry etching 
process used for forming the wiring and a wet etching 
process used for forming the tapered shape of the end face 
of wiring, is cumberSome. 
0010. On the other hand, it has been reported that when 
the nitric acid concentration is high in the etching Solution 
consisting of phosphoric acid, nitric acid, acetic acid, and 
water, the resist will degrade causing cracks on its Surface; 
however, the cracks will be confined within the resist Surface 
(see, for example, patent document 2 listed below). It also 
has been reported that the resist will be protected by adding 
acetic acid (see, for example, literature 1 listed below). 
However, it has been confirmed from an electron micro 
graph observation of the resist Surface for the case in which 
nitric acid concentration is high that not only cracks are 
produced on the resist Surface, but also etching traces due to 
the exudation of the etching solution (hereinbelow referred 
to as “etching Solution exudation trace') will occur further 
inside the etching Surface at the interface between the resist 
and a metal film. AS the result of the etching Solution 
exudation trace, the metal film Surface will lose its Smooth 
neSS by being etched, which will cause a problem Since a 
desired shape can not be obtained. Currently, there is no 
prior art disclosed on the method of preventing the “etching 
Solution exudation trace', and no technique has been devel 
oped for etching free from causing etching Solution exuda 
tion trace when the nitric acid concentration is high. 
0011 Furthermore, as the miniaturization of semiconduc 
tor processes proceeds, there is a growing need of a high 
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quality metal film Surface having a high level of SmoothneSS 
and no Surface roughness after etching. AS an attempt to 
improve the State of the metal film Surface after etching by 
adding an additive, an etching Solution has been proposed 
which is principally composed of phosphoric acid, nitric 
acid, acetic acid, and water and further added with a tri 
alkylamine oxide Surfactant for the purpose of preventing 
the adsorption of hydrogen which is produced when the 
metal film is etched by nitric acid onto the metal film 
surface, since the adsorption of bubbles onto the metal film 
Surface will inhibit etching thereby impairing the Smooth 
ness of the etching Surface (See, for example, patent docu 
ment 5 listed below). Moreover, it is known that it is 
effective to add a Surfactant for the purpose of enhancing the 
wettability to improve the microprocessing capability of the 
etching Solution (see, for example, patent document 6 listed 
below); however, there has been no mention on forming a 
tapered shape having a high quality etching Surface having 
a high level of SmoothneSS and no Surface roughness. 
0012. As described so far, there has not been developed 
an etching Solution composition which can form a tapered 
shape with a high quality etching Surface having a high level 
of Smoothness, a Small taper angle, and no Surface rough 
neSS, and will not cause etching Solution exudation trace. 
0013 Cited Documents: 

0014) Patent document 1, JP, A, 7-176525; 
0.015 Patent document 2, JP, A, 6-122982; 
0016 Patent document 3, JP, A, 2001-77098: 
0017 Patent document 4, JP, A, 2003-127397; 
0018 Patent document 5, JP, A, 4-506528; 
0.019 Patent document 6, JP, A, 2003-49285; 
0020 Literature 1, M. Yamaguchi, et al., “III. Study of 
Wet Etching for Electronic Circuits', Proceedings of 
the 1995 Symposium for Nurturing Young Researchers, 
p. 17-22, 1995. 

SUMMARY OF THE INVENTION 

0021. It is an object of the present invention to provide an 
etching Solution composition with which a metal film par 
ticularly of aluminum or an aluminum alloy is etched in a 
controllable manner to form a desired definite tapered shape 
and provide a Smooth Surface without the etching Solution 
exudation trace, thereby Solving the above described prob 
lem. 

0022. The present inventors have found through diligent 
investigations that the above described problem can be 
Solved by an etching Solution composition which contains at 
least one of alkyl Sulfate or perfluoroalkenyl phenyl ether 
Sulfonic acid, which are specific Surfactants, and the Salts 
thereof and have eventually completed the invention after 
conducting further Studies. 
0023. Accordingly, the present invention relates to an 
etching Solution composition for etching a metal film, com 
prising one or more Surfactants Selected from the group 
consisting of alkyl Sulfate or perfluoroalkenyl phenyl ether 
Sulfonic acid, and the Salts thereof. 
0024. The present invention further relates to the above 
described etching Solution composition, wherein the Salt of 
alkylsulfate is the salt of alkylsulfate and triethanolamine 
or monoethanolamine. 

Jun. 23, 2005 

0025 The present invention further relates to the above 
described etching Solution composition, wherein the con 
centration of the surfactant is 0.001% to 10% by mass. 
0026. The present invention further relates to the above 
described etching Solution composition, comprising phos 
phoric acid, nitric acid, acetic acid, and water. 
0027. The present invention further relates to the above 
described etching Solution composition, wherein the metal 
film is of aluminum or an aluminum alloy. 
0028. The etching solution composition for etching metal 
films according to the present invention can Suppress the 
etching rate of the metal film, particularly of aluminum or 
aluminum alloy by being added with a specific Surfactant 
consisting of alkyl Sulfate or perfluoroalkenyl phenyl ether 
Sulfonic acid and the Salts thereofthereby making it possible 
to make the shape of the metal film after etching to be a 
desired definite tapered shape. 
0029 Moreover, although the etching solution composi 
tion according to the present invention has a high concen 
tration of nitric acid, it will not cause etching Solution 
exudation trace. 

0030) Furthermore, surprisingly, it is made possible to 
make the etching Surface of the metal film formed after 
etching to be a Smooth Surface free from Surface roughness. 
The mechanism of this outcome is inferred, although is not 
clear, that the Surfactants used in the present invention 
adsorb to the metal film and the resist Surfaces Serving to 
protect the metal and the resist Surfaces thereby enabling the 
control of the etching rate So that the shape of the metal film 
becomes a desired definite tapered shape with a Small taper 
angle after etching, and the etching Surface becomes Smooth 
without causing etching Solution exudation trace. 
0031 Furthermore, even though the etching solution 
composition of the present invention has a high concentra 
tion of nitric acid, the number of cracks observed on the 
resist Surface after etching is fewer compared with the case 
of conventional etching Solutions and, thus, the resist deg 
radation is Suppressed. 

0032. Furthermore, the etching solution composition of 
the present invention containing Such Surfactants does not 
fall under the TSCA (Toxic Substances Control Act) and 
therefore offers a high level of safety. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0033 Hereinafter, the embodiments of the present inven 
tion will be described. 

0034. The etching solution composition of the present 
invention contains one or more Surfactants Selected from the 
group consisting of alkyl Sulfate or perfluoroalkenyl phenyl 
ether Sulfonic acid and the Salts thereof. 

0035 Although these salts may be alkaline metal salts 
Such as Sodium Salt, Salts with organic amino compounds are 
preferable in the viewpoint of the contamination of the 
Semiconductor Substrate. 

0036). In particular, the salts of alkylsulfate are preferably 
the triethanolamine or monoethanolamine Salt of alkyl Sul 
fate. 
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0037. The etching solution composition of the present 
invention, which is to be used for the etching of metal films, 
is particularly Suitable for aluminum or aluminum alloys. 
0.038. The alkyl group of alkyl sulfate and salts thereof 
used for the etching Solution composition of the present 
invention may be a Straight-chain or branched-chain alkyl 
group in which the number of carbon atoms is preferably 8 
to 18, and more preferably 12 to 14. 
0.039 The alkenyl group of perfluoroalkenyl phenyl 
ether Sulfonic acid and the Salt thereof may be a Straight 
chain or branched-chain alkenyl group in which the number 
of carbon atoms is preferably 3 to 12, and more preferably 
6. 

0040. In order to achieve a sufficient suppress effect of 
the etching rate, not to cause etching Solution exudation 
trace, to form a desired definite tapered shape, and to 
preserve a good Solubility to the etching Solution, the 
concentration of the surfactant is preferably 0.001% to 10% 
by mass, and more preferably 0.01% to 2% by mass with 
respect to the entire etching Solution composition. 
0041. The principal components of the etching solution 
composition of the present invention are, when used for 
aluminum or aluminum alloy films, preferably phosphoric 
acid, nitric acid, acetic acid, and water. 
0042. The concentration of each component may be 
determined within a range in which the etching rate of the 
aluminum or aluminum alloy film is at a Sufficient level. The 
concentration of phosphoric acid is preferably 30.0% to 
60.0% by mass, and more preferably 45.0% to 60.0% by 
mass; the concentration of nitric acid is preferably 10.0% to 
40.0% by mass, and more preferably 15.0% to 30.0% by 
mass, and the concentration of acetic acid is preferably 1.0% 
to 20.0% by mass, and more preferably 2.0% to 15.0% by 

SS. 

0043. Using phosphoric acid, nitric acid, acetic acid and 
water at a concentration within the above described ranges 
makes it possible to achieve a practical etching rate of not 
lower than 150 nm/min and therefore is preferable. 

phosphoric Nitric 
acid acid 
(% by (% by 
mass) mass) 

Example 1 57.8 17.5 
Example 2 59.8 17.5 
Example 3 55.8 17.5 
Example 4 57.8 17.5 
Example 5 57.8 17.5 
Example 6 57.8 17.5 
Comparison 57.8 17.5 
example 1 
Comparison 54.1 21.7 
example 2 
Comparison 57.1 21.7 
example 3 
Comparison 51.1 21.7 
example 4 
Comparison 54.1 23.7 
example 5 
Comparison 54.1 19.7 
example 6 
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EXAMPLES 

0044) Hereinafter, examples of the present invention will 
be shown along with comparison examples to describe the 
present invention in detail, but the present invention will not 
be limited to these examples. 
004.5 Table 1 shows the examples of the present inven 
tion along with the comparison examples. 
0046. In Table 1, the components and the composition of 
etching Solutions used, and measurement results on the 
following items obtained using the foregoing etching Solu 
tions by means of the following method are shown. 
0047 (Etching Rate of Aluminum Film) 
0048 A Substrate, in which a resist pattern was formed on 
an aluminum film of a thickness of 500 nm, was immersed 
for processing in the etching Solution for 1 minute at 42.5 
C., and was washed with water and dried. Thereafter, the 
resist was Stripped off and the measurement of the amount 
of etching was conducted by means of a Stylus profilometer. 
0049) (Taper Angle of an Aluminum Film) 
0050 A substrate, in which a liner film and an aluminum 
film was formed on an Si Substrate, was immersed for 
processing in the etching Solution for a time period 1.2 times 
longer than the exact etching time calculated from the 
etching rate, and was washed with water and dried. There 
after, the resist was Stripped off and the taper angle of the 
tapered shape formed was measured by conducting electron 
microscopy observation. 
0051 (Surface Roughness and Etching Solution Exuda 
tion Trace of the Etching Surface of Aluminum Film) 
0052 A Substrate, in which a liner film and an aluminum 
film was formed on an Si Substrate, was immersed for 
processing in the etching Solution for a time period 1.2 times 
longer than the exact etching time calculated from the 
etching rate, and was washed with water and dried. There 
after, the resist was Stripped off and the Surface roughness 
and etching Solution exudation trace of the etching Surface 
of the aluminum film were evaluated by conducting electron 
microScopy observation. 

TABLE 1. 

Acetic 
acid Surfactant Etching Taper 
(% by (% by rate angle Surface Etching solution 
mass) mass) (nm/min.) (degree) roughness exudation trace 

2.6 A. O.08 61 15 C3 C3 
2.6 A. O.08 63 14 C3 C3 
2.6 A. O.08 60 17 C3 C3 
2.6 A.O.O3 67 16 C3 C3 

2.6 A. O.92 48 16 C3 C3 
26 BOO6 367 19 C3 C3 
2.6 - 453 33 X X 

2.1 - 412 22 X X 

2.1 - 450 17 XX X 

2.1 - 38O 35 X X 

2.1 - 446 16 XX XX 

2.1 - 344 42 X X 
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TABLE 1-continued 

phosphoric Nitric Acetic 
acid acid acid Surfactant Etching Taper 
(% by (% by (% by (% by rate angle 
mass) mass) mass) mass) 

Comparison 54.1 21.7 5.1 - 42O 
example 7 

Notes: 
A: Triethanolamine alkyl sulfate; the number of carbon atoms of alkyl 12 to 14 

(nm/min.) (degree) roughness 
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Surface Etching solution 
exudation trace 

X X 

B: Perfluoroalkenyl phenyl ether sulfonic acid; the number of carbon atoms of alkenyl 6 
o: no defect, 
X: some defects, 
XX: significant defects 

0.053 Each etching solution was used as a solution of 
100% by mass by adding water to the phosphoric acid, nitric 
acid, acetic acid, and the Surfactant shown in the Table. 

Examples 1 to 6 
0054. It is shown that adding triethanolamine alkyl sul 
fate or perfluoroalkenyl phenyl ether Sulfonic acid to the 
liquid mixture of phosphoric acid, nitric acid, acetic acid, 
and water makes it possible to Suppress the etching rate 
compared with the cases in which it is not added, to form a 
desired definite tapered shape with a Small angle, and to 
prevent the occurrences of Surface roughness and etching 
Solution exudation trace. Moreover, these etching Solution 
compositions do not fall under the TSCA thereby offering 
excellent Safety. 

Comparison Examples 1 to 7 
0.055 Although it was possible to form a tapered shape 
with a Small angle by increasing the compositions of nitric 
acid and acetic acid, the etching rate was raised, its control 
was difficult, Surface roughness resulted, and also etching 
Solution exudation trace occurred. 

0056. The above described results have shown that the 
etching Solution composition of the present invention will 
make it possible to form the Sectional shape of the metal film 
after etching into a desired definite tapered shape with a 
Small angle in a well controlled manner, to prevent the 
Surface roughness generated on the etching Surface, and to 
prevent etching Solution exudation trace. 

0057. Using the etching solution composition for a metal 
film according to the present invention makes it possible to 
etch a metal film into a desired definite tapered shape in a 
controllable manner, to make the etching Surface to be a 
Smooth Surface without Surface roughness, and to prevent 
the occurrence of etching Solution exudation trace. Thus, it 
is possible to cope with the trend of densification and 
miniaturization of patterns in a field Such as multi-layer 
wiring in which low resistance metal materials are required. 

What is claimed is: 
1. An etching Solution composition for etching a metal 

film, comprising one or more Sufactants Selected from the 
group consisting of alkyl Sulfate or perfluoroalkenyl phenyl 
ether Sulfonic acid, and the Salts thereof. 

2. The etching Solution composition according to claim 1, 
wherein the salt of alkylsulfate is the salt of alkylsulfate and 
triethanolamine or monoethanolamine. 

3. The etching Solution composition according to claim 1, 
wherein the concentration of the Surfactant is 0.001% to 
10% by mass. 

4. The etching Solution composition according to claim 1, 
comprising phosphoric acid, nitric acid, acetic acid, and 
Water. 

5. The etching Solution composition according to claim 1, 
wherein the metal film is of aluminum or an aluminum alloy. 


