
ETCHING SOLUTION COMPOSITION FOR METAL FILMS BACKGROUND OF THE INVENTION
Field of the Invention The present invention relates to an etching solution
composition for metal films for use in the manufacturing  processes of
liquid crystal display devices and semiconductor  devices. Description of
Related Art As the etching solution used in the manufacturing processes  of
liquid crystal display devices and semiconductor 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
hydrochloric 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. Out of
these, phosphoric acid based etching solutions are  frequently used since
they are stable and inexpensive, have  little effect on an insulation film
in the lower layer, and excel  in the controllability of etching. 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. From the growing need of lower resistance
for wiring 



1 materials in accordance with the advancement of the dens if icat ion  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 aluminum 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. 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 o f 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 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 2 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 document 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 therefor e degrade the controllability
of the etching,  making it difficult to obtain a desired definite tapered
shape. 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. 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 3 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 I listed below).
However, it has  been confirmed from an electron micrograph 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 smoothness 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  developed for etching free
from causing etching solution  exudation trace when the nitric acid
concentration is high. Furthermore, as the miniaturization of semiconductor
processes proceeds, there is a growing need of a high quality  metal film
surf ace having a high level of smoothness and no surf ace  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 trialkylamine 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  smoothness of the etching surface (see, for example,
patent 4 document 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. 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 roughness, and
will not cause  etching solution exudation trace. Cited documents: Patent
document 1, JP, A, 7-176525;  Patent document 2, JP, A, 6-122982;  Patent
document 3, JP, A, 2001-77098;  Patent document 4, JP, A, 2003-127397;
Patent document 5, JP, A, 4-506528;  Patent document 6, JP, A, 2003-49285;
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 It is an object
of the present invention to provide an  



etching solution composition with which a metal film particularly  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
problem. The present inventors have found through diligent  investigations
that the above described problem can be solved 5 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. Accordingly, the present
invention relates to an etching  solution composition for etching a metal
film, comprising one  or more surfactants selected from the group
consisting of alkyl  sulfate or perfluoroalkenyl phenyl ether sulfonic
acid, and the  salts thereof. The present invention further relates to the
above  described etching solution composition, wherein the salt of alkyl
sulfate is the salt of alkyl sulfate and triethanolamine or
monoethanolamine. The present invention further relates to the above
described etching solution composition, wherein the  concentration of the
surfactant is 0.001% to 10% by mass. The present invention further relates
to the above  described etching solution composition, comprising phosphoric
acid, nitric acid, acetic acid, and water. The present invention further
relates to the above  described etching solution composition, wherein the
metal film  is of aluminum or an aluminum alloy. 



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 thereof thereby making it possible to make the
shape of  the metal film after etching to be a desired definite tapered
shape. Moreover, although the etching solution composition 6 according to
the present invention has a high concentration of  nitric acid, it will not
cause etching solution exudation trace. 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. Furthermore, even though the etching
solution composition  of the present invention has a high concentration 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 degradation is suppressed. 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
Hereinafter, the embodiments of the present invention will  be described.
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.
Although these salts may be alkaline metal salts such as  sodium salt,
salts with organic amino compounds are preferable 7 in the viewpoint of the
contamination of the semiconductor  substrate. In particular, the salts of
alkyl sulfate are preferably  the triethanolamine or monoethanolamine salt
of alkyl sulfate.  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. 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. The alkenyl group of perflluoroalkenyl 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. 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. 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. 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 8 acid
is preferably 10 - 0 % to 4 0 - 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 mass. 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. Examples:
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. Table 1 shows the
examples of the present invention along  with the comparison examples. In
Table 1, the components and the composition of etching  solutions used, and
measurement results on the following items  obtained using the foregoing
etching solutions by means of the  



following method are shown. (Etching rate of aluminum film) 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. (Taper angle of an aluminum
film) 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. Thereafter,
the resist was 9 stripped off and the taper angle of the tapered shape
formed  was measured by conducting electron microscopy observation.
(Surface roughness and etching solution exudation trace of the  etching
surface of aluminum film) 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. Thereafter, 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] phos-NitricAceticSurfac-Etch-TaperSurfaceEtching
phoricacidacidtantinganglerough-solution acidratenessexuda- 



tion trace (% by(% by(% by(% by(nm/(degree] mass)mass)mass)mass)min.)
Example 157.817.52.6A 0.081611500 Example 259.817.52.6A 0.081631400 Example
355.817.52.6A 0.081601700 Example 457.817.52.6A 0.031671600 Example
557.817.52.6A 0.921481600 Example 657.817.52.6B 0.063671900
Comparison57.817.52.6-45333XX example 1 Comparison54.121.72.1-41222XX
example 2 Comparison57.121.72.1-45017X XX example 3
Comparison51.121.72.1-38035XX example 4 Comparison54.123.72.1-44616X XX X
example 5 Comparison54.119.72.1-34442XX example 6
Comparison54.121.75.1-42024XX example 7 Notes: 10 A: Triethanolamine alkyl
sulfate; the number of carbon  atoms of alkyl 12 to 14 B:
Perfluoroalkenylphenyl ethers ulfonicacid; the number  of carbon atoms of
alkenyl 6 0: no defect, X : some defects , X X : significant defects  



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 It is shown that adding triethanolamine
alkyl sulfate 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 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, surf ace roughness resulted,
and also etching solution  exudation trace occurred. 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. Using the etching solution composition for a metal film 11
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.
12 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 alkyl sulfate is the salt of alkyl sulfate
and triethanolamine or monoethanolamine. 3. The etching solution
composition according to claim 1 or  2, wherein the concentration of the
surfactant is 0.001% to 10%  by mass. 4. The etching solution compos ition
according to any of claims  1 to 3, comprising phosphoric acid, nitric
acid, acetic acid,  and water. 5. The etching solution composition
according to any of claims  1 to 4, wherein the metal film is of aluminum
or an aluminum  alloy. 13 


