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DESCRIPTION
Title of Invention
ETCHANT COMPOSITION AND ETCHING METHOD

Technical Field
[0001]

This invention relates to etchant compositions and etching methods,
and more particularly to an etchant composition used in an etching process
for fabricating semiconductor devices and the etching method.

Background Art
[oo02]

Fabrication processes of semiconductor devices, typified by LSI
(Large Scale Integrated circuits) and MOS (Metal Oxide Semiconductor)
transistors, include an etching process for removing an insulating film,
which is a silicon-containing film such as a silicon oxide film (SiQJ), formed
over a silicon substrate. The etching process is a process, for example, for
partially removing the insulating film over the silicon substrate to obtain a
desired pattern. In some cases, an aluminum (Al} film or an alloy film of
aluminum and other kinds of metal, which will serve as a wiring layer, is
formed over a target substrate, and the etching process is performed on the
substrate with both the metal film and silicon oxide film exposed.

[0003]

One of the etching techniques for removing the insulating film is
wet etching in which a silicon substrate to be treated is immersed in an
etching solution for a predetermined period of time. A typical etching
solution required for wet etching contains hydroflueric acid, ammonium
fluoride and water. However, this type of etching solution lacks an
adequate property to prevent corrosion of metal films, such as aluminum
film and aluminum alloy film. More specifically speaking, the etching
solution strips off a large part of the metal film, or the aluminum film, in a
short time at an early stage of the etching process.

[0004]
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Technigues conecerning the wet etching of insulating films are
disclosed in Japanese Unexamined Patent Application Publication Nos.
S49(1974)-84372 (PTL1) and S59(1984)-184532 (PTL2), Japanese Patent
No. 4397899 (PTL3), Japanese Unexamined Patent Application Publication
No. §52(1977)-108351 (PTL4) and Japanese Patent No. 3292108 (PTL5).
PTL1 to PTLS introduce a mixed solution of hydrofluoric acid, ammonium
fluoride and acetic acid for etching. According to PTL4 and PTLS5, etching
processes are performed with a mixed solution of hydrofluoric acid,
ammonium fluoride and polyalcohol.

Citation List

Patent Literature

[0005]

PTL1: Japanese Unexamined Patent Application Publication No.
549(1974)-84372

PTL2: Japanese Unexamined Patent Application Publication No.
559(1984)-184532

PTL3: Japanese Patent No, 4397899

PTL4: Japanese Unexamined Patent Application Publication No. -
852(1977)-108351

PTL5: Japanese Patent No. 3292108

Summary of Invention
Technical Problem

[0006]

Recent demands on the fabrication processes of semiconductor
devices reveal that the etching solutions disclosed in PTL1 to PTL3 have an
inadeqguate property to prevent corrosion of aluminum films and aluminum
alloy films. On the other hand, the etching solutions disclosed in PTL 4
and PTL5 have low etch rates, in other words, the etching solutions remove
silicon oxide films or other types of films at a low speed, which 1is
unsatisfactory in terms of throughput.

{0007

In addition, there 1s a growing need for an improved selectivity ratio,
which is a ratio of the etch rate of insulating films or the like to the etch rate
of metal films. That is, the etching solution with a lower selectivity ratio
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increases the amount of the formed metal film etched, resulting in
deterioration in properties of the metal film. To prevent property
deterioration there are some countermeasures’ for example, formation of
the metal film after the etching step of the silicon oxide film: and addition of
a step for forming a protective film on the metal film. However, addition of
fabrication steps and constraint of fabrication step order are not desirable
for maintaining the flexibility of the fabrication steps of semiconductor
devices and improving the throughput.

[0008]

An object of the present invention is to provide an efchant
composition with an excellent property to prevent corrosion of metal films
and a high etch rate and a high selectivity ratio to perform an etching
process in an efficient manner.

[0009]
Another object of the present invention is to provide an etching

method for performing an etching process in an efficient manner.

Solution to Problem
[0010]

The inventors of the present invention made a thorough study about
the components of the etchant composition to solve the aforementioned
problems and discovered an etchant composition with an excellent property
to prevent corrosion of metal films and a high etch rate and selectivity ratio
to perform an etching process in an efficient manner.

(0011}

The etchant composition according to the present invention is used
to etch a silicon-containing film formed on a target substrate and includes
at least one selected from the group consisting of an organic compound
containing a hvdroxyl group, an organic compound containing a carbonyl
group, an inorganic acid and inorganic salt, hydrofluoric acid, ammonium
fluoride, and an organic acid.

[0012]

The etchant composition has an exc;elient property to prevent

corrosion of metal films. In addition, the etchant composition can etch the

silicon-containing film formed on the target substrate at a high etch rate
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and at a high selectivity ratio, which is a ratio of the etch rate of the
silicon-containing film to the etch rate of the metal film. Therefore, the use
of such an etchant composition allows efficient etching of the films.

[0013]

The etchant composition described herein indicates the components
of an etching solution except for water. That is, the etching solution is
made by adding water, which is the rest of the etching solution ingredients,
into the etchant composition and is used to etch a target substrate
immersed therein. In this description, the compound selected from the
group consisting of the organic compound containing a hydroxyl group,
organic compound containing a carbonyl group, inorganic acid and
inorganic salt may be referred to as an additive.

[0014]

Preferably, the etchant composition includes & surfactant. The
etchant composition containing a surfactant improves so-called wettability
between the etching solution and an object to be etched, thereby efficiently
etching the object.

[0015]

The organic acid herein preferably includes at least one selected
from the group consisting of monocarboxylic acid, polycarboxylic acid,
oxycarboxylic acid, phosphonic acid and sulfonic acid.

[0016]

More specifically, the organic acid preferably includes at least one
selected from the group consisting of acetic acid, propionic acid, oxalic acid,
malonic acid, suceinic acid, glutaric acid, glycolic acid, lactic acid, malic acid,
tartaric acid, citric acid, amino tris (methylenephosphonic acid),
1-hvdroxyethylidene-1,1-diphosphonic acid, methanesulfonic acid and
ethanesulfonic acid.,

[0017]

The organic compound containing a hydroxyl group preferably
includes at least one selected from the group consisting of alcohols, glycols,
triols and methylols.

[0018]

More specifically, the organic compound containing a hydroxyl group

preferably includes at least one selected from the group consisting of
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furfuryl alcohol, propylene glycol, polyethyiene glycol, 1,4-butanediol,
3-methyl-1,8-butanediol, 1,6-hexanediol, 1,8-octanediocl, 1,3-cyclohexanediol,
1,4-cyclohexanediol, 1,2 4-butanetriol, 3-methylpentane-1,3,5-triol and
1,4-cyclohexanedimethanol.

{0019}

The organic compound containing a carbonyl group preferably
includes at least one selected from the group consisting of ketones,
aldehydes and esters.

[0020]

More specifically, the organic compound containing a carbonyl group
preferably includes at least one selected from the group consisting of
cyclopentanone and cyclohexanone.

[0021]

The inorganic acid preferably includes at least one selected from the
group consisting of nitric acid, sulfuric acid and sulfamic acid.
[0022]

The inorganic salt preferably includes at least one selected from the
group consisting of ammonium nitrate, ammonium sulfate and ammonium
sulfamate.
fo023]

The surfactant preferably includes at least one selected from the
group consisting of an amphoteric surfactant, an anionic surfactant and a
nonionic surfactant.

[0024]

Another aspect of the present invention is directed to an etching
method used to etch a silicon-containing film formed on a target substrate.
The etching method for etching the substrate uses an etchant composition
including at least one selected from the group consisting of an organic
compound containing a hydroxyl group, an orgamc compound containing a
carbonyl group, an inorganic acid and inorganic salt, hydrofluoric acid,
ammonium fluoride and an organic acid.

[0028]
With this etching method, etching can be done in an efficient

manner.
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Advantageous Effects of Invention
[0026]

The etchant composition described above has an excellent property
to prevent corrosion of metal films. In addition, the etchant composition
can etch the silicon-containing film formed on the target substrate at a high
etch rate and at a high selectivity ratio, which is a ratio of the etch rate of
the silicon-containing film to the etch rate of the metal film. Therefore, the
use of such an etchant composition allows efficient etching of the film.
{0027] '

According to the etching method, etching can be done in an efficient

manner.

Brief Description of Drawings
[0028]

FIG. 1 is a schematic cross-sectional view partially showing a target
substrate before etching.
FIG. 2 is a schematic cross-sectional view partially showing the

target substrate after etching.

Description of Embodiment
[o029l

With reference to the drawings, an embodiment of the present
invention will be described below. FIG. 1 is a schematic cross-sectional
view partially showing a target substrate before etching with an etchant
composition according to the invention. Referring to FIG. 1, the target
substrate 11 is composed of a base silicon substrate 12 and an insulating
film 14 formed on the entire surface 18 of the substrate 12. The insulating
film 14 1is a film containing silicon, and the typical material is a silicon oxide
film (Si0s). The insulating film 14 is shaped, or formed, by, for example,
CVD {Chemical Vapor Deposition) or sputtering. There are various
film-forming methods: for example, a method of forming the silicon oxide
film under a high temperature environment: and a method of forming the
silicon oxide film by plasma processing with TEOS (Tetraethoxysilane) gas
as a reactant gas. Among those, a method is employed according to the
requirements.
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{0030} ‘

On a surface 15 of the insulating film 14, conductive layers, or metal
films 16a, 16b serving as wires, are formed in a predetermined pattern.
Specifically, the metal film 16a is formed on the right side of FIG. 1 and the
metal film 16b is formed on the left side of FIG. 1 with an opening 17
provided therebetween. The material of the metal films 164, 16b may be,
for example, aluminum (Al).
foos1]

The target substrate 11 undergoes an etching process using the
etchant composition of the present invention. The etching performed
herein is wet etching.

[0032]

FIG. 2 is a schematic cross-sectional view partially showing the
target substrate after etching with the etchant composition of the invention
and corresponding to the cross-sectional view of FIG. 1. Referring to FIGS.
1, 2, the insulating film 14 only under the opening 17 shown in FIG. 1 is
removed by wet etching.

[o0s3]

Although it is not illustrated in the drawings, the etchant
composition of the invention can be used for the substrate with a resist film
formed thereon. Prior to etching, a photoresist film layer is sometimes
formed on an insulating film, or a silicon oxide film, on a metal film. The
etchant composition is effectively used to etch the target substrate after the
resist film has been formed.

[0034]

The etchant composition of the invention is used to etch
sitlicon-containing films formed on the targef substrate and includes at least
one selected from the group consisting of an organic compound containing a
hydroxyl group, an organic compound containing a carbonyl group, an
inorganic acid and inorganic salt, in addition to hydrofluoric acid,
ammonium fluoride and an organic acid.

[0035]

The etchant composition containing the above components has an

excellent property to prevent corrosion of metal films. In addition, the

etchant composition has a high etch rate of the silicon-containing film
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formed on the target substrate and a high selectivity ratio of the etch rate of
the silicon-containing film to the etch rate of the metal film. Therefore,
etching can be done in an efficient manner with the etchant composition.
[0036]

An etching method used herein is dip etching or spray etching. In
dip etching, the target substrate is directly immersed in an etching solution
having the aforementioned etchant composition, and the target substrate is
left standing or shaken in the etching solution, or the etching solution is
agitated. In spraying etching, an etching sclution is applied to the target
substrate through a spray nozzle.

[0037]

The concentration of hydrofluoric acid (HF) contained in the etchant
composition of the invention is appropriately determined based on the
composition of the silicon-containing film to be etched, the material of the
metal film to be etched and other factors., A preferable concentration of
hydroftuoric acid (HF) in the entire efching solution may range
approximately from 0.5 weight % to 15 weight %, and more preferably from
1.5 weight % to 10 weight %.

[0038]

The concentration of ammonium fluoride (NH4F) contained in the
etchant composition of the invention is appropriately determined based on
the composition of the silicon-containing film to be etched, the material of
the metal film to be etched and other factors. A preferable concentration of
ammonium fluoride (NHF) in the entire etching solution may range
approximately from 5 weight % to 30 weight %, and more preferably from 10
weight % to 25 weight %.

[0039]

The concentration of organic acid contained in the etchant
composition of the invention is appropriately determined based on the
composition of the silicon-containing film to be etched, the material of the
metal film to be etched and other factors. A preferable concentration of
organic acid in the entire etching solution may range approximately from 5
weight % to 70 weight %, and more preferably from 15 weight % to 60
weight %.

[0040]
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The concentration of additives contained in the etchant composition
of the invention is appropriately determined based on the composition of the
silicon-containing film to be etched, the material of the metal film to be
etched and other factors. A preferable concentration of additives in the
entirve etching solution may range approximately from 1 weight % to 70
weight %, and more preferably from 5 weight % to 40 weight %.

[0041]

The organic acid contained in the etchant composition of the
invention preferably includes at least one selected from the group consisting
of monocarboxylic acid, polycarboxylic acid, oxycarboxylic acid, phosphonic
acid and sulfonic acid. More specifically, the organic acid preferably
includes at least one selected from the group consisting of acetic acid,
propionice acid, oxalic acid, malonic acid, suceinic acid, glutaric acid, glycolic
acid, lactic acid, malic acid, tartaric acid, citric acid, amino tris
(methylenephosphonic acid), I-hydroxyethylidene-1,1-diphosphonic acid,
methanesulfonic acid and ethanesulfonic acid. The etchant composition
may include two or more of the above mentioned organic acids.

[0042]

The organic compound containing a hydroxyl group contained in the
etchant composition of the invention preferably includes at least one
selected from the group consisting of alcohols, glycols, triols and methylols.
More specifically, the organic compound containing a hydroxyl group
preferably includes at least one selected from the group consisting of
furfuryl alcohol, propylene glycol, polyethylene glycol, 1,4-butanediol,
3-methyl-1,3-butanediol, 1,6-hexanediol, 1,8 -octanediol, 1,3-cyclohexanediol,
1,4-cyclohexanediol, 1,2,4-butanetricl, 8-methylpentane-1,3,5-tricl and
1,4-cyclohexanedimethanol. The etchant composition may include two or
more of the above mentioned organic compounds containing a hydroxy
group.

[0043]

The organic compound containing a carbonyl group contained in the
etchant composition of the invention preferably includes at least one
selected from the group consisting of ketones, aldehydes and esters. More
specifically, the organic compound containing a carbonyl group preferably
includes at least one selected from the group consisting of cyclopentanone
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and cyclohexanone. The etchant composition may include two or more of
the above mentioned organic compounds containing a carbonyl group.
[0044]

The inorganic acid contained in the etchant composition of the
invention preferably includes at least one selected from the group consisting
of nitric acid, sulfuric acid and sulfamic acid. The etchant composition
may include two or more of the above mentioned inorganic acids.

[0045]

The inorganic salt contained in the etchant composition of the
invention preferably includes at least one selected from the group consisting
of ammonium nitrate, ammonium sulfate and ammonium sulfamate. The
etchant composition may include two or more of the above mentioned
inorganic salts,

[00486]

The surfactant contained in the etchant composition of the invention
preferably includes at least one selected from the group consisting of an
amphoteric surfactant, an anionic surfactant and a nonionic surfactant.
The etchant composition may include two or more of the above mentioned
surfactants.

[0047]

The silicon-containing film to be etched may be a thermally-oxidized
film, which is a silicon oxide film formed in the aforementioned
high-temperature environment or a P-TEGS film, which is a silicon oxide
film formed by plasma processing using a TEOS reactant gas: however, the
present invention does not limit the silicon-containing film to the two
above-mentioned films, and an LP-TEOS (Low-Pressure TEOS) film, a SOG
(Spin On Glass) film, an NSG (Non Doped Silicate Glass) film, a BSG (Boro
Silicate Glass) film, a PSG (Phospho Silicate Glass) film, a BPSG (Boro
Phospho Silicate Glass) film, a SiN film and other types of films are also
available.

[Examples]
[0048]

The present invention will now be further specifically described by
the following examples with the understanding that the invention is not
limited by the examples.

10
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[0049]

Tables 1, 2, 3, 4, 5 and 6 show the components of the etchant
compositions and the evaluation results of Examples 1 to 24 and
Comparative Examples 1 to 7. In addition to hydrofluoric acid, ammonium
fluoride, an organic acid and a surfactant, the tables indicate compounds
selected from the group consisting of an organic compound containing a
hydroxyl group, an organic compound containing a carbonyl group, an
inorganic acid and inorganic salf, as additives. Note that in the tables the

W

absence of an additive is expressed by “-”, the content of the compounds is
expressed in the unit weight %, and the compounds are abbreviated as
follows.

[0050]

MSA: methanesulfonic acid

PG: propylene glycol

1,4-BD: 1,4-butanediol

1,6-HD: 1.6-hexanediol

1,3-CHD: 1,3-cyclohexanediol

3-MP-1,3,6-TO: 3-methylpentane-1,3,5-triol

FFA: furfuryl alcohol

PEG: polyethylene glycol

F series-1: a-perflucrononenyloxy-w-methyl-polyethylene oxide

F series-2: perfluoroalkylamine oxide

F series-3: perfluoroalkyl sulfonic acid

[0051]

The surfactant of F series-1
{a-perfluorononenyloxy-w-methyl-polyethylene oxide) is a nonionic
surfactant, the surfactant of F series 2 {perfluoroalkylamine oxide) is an
amphoteric surfactant, and the surfactant of F series 3 (perfluoroalkyl
sulfonic acid) is an anionic surfactant.

[0052]

The component of the etching solution, other than the etchant
composition including hydrofluoric acid, ammonium fluoride, organic acid,
an additive and a surfactant, is water. Explaining the components of the
etchant compositions by taking the examples, the etchant composition of
Example 1 includes 2.5 weight % hydrofluoric acid, 20 weight % ammonium

11
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fluoride, 35 weight % acetic acid as an organic acid and 10 weight %
1,4-butanediol as an organic compound additive containing a hydroxyl
group. Adding 32.5 weight % water, the remaining percentage of the
resultant etching solution, to the etchant composition completes an etching
solution. In this case, the etchant composition of Example 1 consists of
hydrofluoric acid, ammonium fluoride, acetic acid as an organic acid and
1,4-butanediol as an organic compound containing a hydroxy! group. The
etching solution of Example 1 consists of hydrofluoric acid, ammonium
fluoride, acetic acid as an organic acid, 1,4-butanediol as an organic
compound containing a hydroxyl group and water. As another example,
the etchant composition of Example 22 consists of hydrofluoric acid,
ammonium fluoride, acetic acid, 1,4-butanediol as an organic acid and
a-perfluorononenyloxy-w-methyl-polyethylene oxide as a surfactant. The
etching solution of Example 22 consists of hydrofluoric acid, ammonium
fluoride, acetic  acid, 1,4-butanediol as an  organic acid,
a-perfluorononenyloxy-w-methyl-polyethylene oxide as a surfactant and
water.

{0053}

When preparing the etchant composition, the hydrofluoric acid is
combined in a form of an aqueous solution containing 40 to 50 weight %
hydrofluoric acid. The content of hydrofluoric acid shown in Table 1 is
expressed in terms of HF. The other compounds are expressed in the same
manner,

[0054]

In the tables, “th-Si0s" denoctes a silicon oxide film formed by
thermal oxidation under a high temperature environment, “P-TEQOS"
denotes a silicon oxide film formed by plasma processing with a TEQOS
reactant gas, and “P-SiN” denotes a silicon nitride film formed by plasma
processing.  These films are different in density and some other
characteristics due to their different fabrication methods or film-forming
methods. Accordingly, the films have different etch rates and other
characteristics; however, the films of every example and comparative
example exhibit the same tendencies.

[0055]

12
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The evaluation results have been obtained through the following

method.
[0056]
(Measurement of etch rate)

The etch rates of the aforementioned films were measured.
Measurement was made with each of the films immersed in etching
solutions that have the compositions shown in the tables and were kept at a
temperature of 25°C for any of three lengths of time. After being immersed
in the etching solutions, the target substrates were rinsed with water and
dried. Then, the amounts of the films etched were measured and the etch
rates were obtained from the measured amounts of the films etched and the
time taken to etch the films. The amounts of the films etched were
obtained by measuring the thicknesses of the films before and after
immersion in the etching solutions by an interference thickness meter and
calculating the difference between the thicknesses.

[0057]
(Evaluation of corrosivity)

Corrosivity of aluminum films and aluminum-copper alloy films was
evaluated. In some cases of aluminum films and alloy films of aluminum
and other kinds of metal, etching nearly stops after an elapse of a certain
time period from the start of etching. Therefore, the aluminum films and
aluminum-copper alloy films were evaluated for their corrosivity.

[0058]

To evaluate the corrosivity, the amounts of an aluminum film and an
aluminum-copper alloy film etched for one minute after the start of etching
were measured and the measured etched amounts served as evaluation
indices. The measurement method of the amount of the aluminum film
etched includes immersing an aluminum film formed on a target substrate
in an etching solution for one minute, ringing the target substrate with
water after one-minute immersion, drying the target substrate, and
measuring the etched amount. The etched amount was obtained by
measuring the thickness of the aluminum film before and after the
immersion by a 4-pin probe resistivity meter, and then calculating the
difference between the thicknesses. The calculated values are shown in

the tables as results of “one-minute etching”.

13
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[0059]

Based on the values obtained from the one'minute etching, the
selectivity ratio of each film to the aluminum film was calculated. The
equation below was used to determine the selectivity ratio.

[0060]

Selectivity ratio = etch rate of silicon oxide film or silicon nitride film
! amount of aluminum film etched within one minute
[0061]

The amounts of alloy films of aluminum and copper
(aluminum-copper alloy film) etched were also measured through the same
processes to determine the selectivity ratios. The selectivity ratios of the
alloy films can be calculated by substituting the amount of the
aluminum-copper alloy film etched for one minute for the amount of the
aluminum film etched for one minute.

[0062]

Since the etch rate of the silicon oxide film, the etch rate of the
silicon nitride film and the amount of the aluminum film etched for one
minute are expressed in the unit A (angstrom)/minute., the selectivity ratio
is not expressed in any particular unit of measure. In this description, the
selectivity ratio represents the amount of the silicon oxide film or silicon
nitride film etched relative to the amount of the aluminum film etched for
one minute from the start of etching, and the higher selectivity ratio
demonstrates that the etching solution is superior. This can be applied to
the case of the aluminum-copper alloy films.

[0063]
(Evaluation of removability of natural oxide film and removability of
damaged silicon layer)

One of the steps of fabricating semiconductor devices is anisotropic
etching of monocrystalline silicon. To perform the monoccerystalline-silicon
anisotropic etching step, a natural oxide film, which is formed in the
surface-layer of monocrystalline silicon, and a damaged layer, which is
formed in the surface-layer of monocrystalline silicon due to dry etching
performed to etch an insulating film formed on the top of the
monocrystalline silicon, need to be removed before the anisotropic etching

step. The natural oxide film in the surface-layer of the monocrystalline
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silicon and the damaged layer conventionally have been removed with
buffered hydrofluoric acid, which is an etching solution containing
hydrofluoric acid, ammonium fluoride and water.

[0064]

However, as described above, the buffered hydrofluoric acid
including hydrofluoric acid, ammonium fluoride and water has some
problems in terms of the property to prevent corrosion of the aluminum
films and aluminum alloy films. Therefore, required in the process of
fabricating the semiconductor devices is a solution having a good property
to prevent corrosion of metal films and being capable of removing the
natural oxide films. If there is a pretreatment liquid to be used before
anisotropic etching, a step of forming a protective film for an aluminum film
conventionally required when using the buffered hydrofluoric acid can be
omitted, thereby improving throughput in the fabrication steps of the
semiconductor device.

[0065]

Evaluation was made to determine whether the etchant composition
of the invention can remove the natural oxide films and damaged layers as
pretreatment for anisotropic etching.

[00886]

Specifically, target substrates to be subjected to silicon anisotropic
etching were prepared and then were Immersed in etching solutions
according to the examples and the comparative examples for 3.5 minutes.
The temperature of the etching solutions was set to 25°C.  After immersion,
the target substrates were rinsed with water, dried and underwent silicon
amsotropic etching, and then were examined whether etching had
proceeded or not. In the tables, the results are shown under an item name,
simply shown as “removability of natural oxide film”.

{00671
(Evaluation of resist damage)

In some cases, etching is performed after resist formation. In the
aforementioned cases, the etchant composition should be less damaging to
the resigt. Evaluation of damage to the resist was made as follows. On a
bare silicon substrate, which was, in other words, a raw silicon substrate

with no layers formed thereon, formed was a novolac-based positive resist
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layer. Specifically, after being applied with a resist, the substrate was
exposed to light, then developed, and baked to form a positive resist.
Subsequently, the substrate with the positive resist layer was immersed in
an etching solution for 30 minutes. The temperature of the etching
solution was set to 25°C. After 30-minute immersion, the substrate was
rinsed with water and dried, and the surface of the positive resist layer was
observed. The surface observation of the positive resist layer was made
with an optical microscope. If there was no change in the positive resist
layer, the etching solution used was evaluated as “good”, while if there was
elusion or exfoliation in the positive resist layer, the etching solution used
was evaluated as “poor”.

[0068]

(Evaluation of etch rate of each metal film)

The etch rates of copper (Cu), nickel (Ni), chromium (Cr),
molybdenum (Mo), tungsten (W), tantalum (Ta), gold (Au) were measured
through the following steps. A metal film of each of the above materials
was formed on a target substrate that was then immersed in an etching
solution at a temperature of 25°C for 15 minutes and 30 minutes. The
target substrate was rinsed with water and dried after each immersion
duration time to measure the amount of the metal film etched. From the
measurement results, the etch rate was calculated. The amount of the film
etched was obtained by measuring the thicknesses of the metal film before
and after the immersion by a 4-pin probe resistivity meter and calculating
the difference between the thicknesses. If the measured etched amount
was equal to or lower than the measurement error range of the 4-pin probe
resistivity meter, the etched amount was determined to be the lower limit
value or lower obtained from the measurement error.
f0069]

The evaluation results of the etch rates of the metal layers were
almost the same in all the examples and comparative examples,
Specifically, the etch rate of copper was 3 (A/minute) or lower, nickel was 3
(A/minute) or lower, chromium was 5 (A/minute) or lower, molybdenum was
3 (A/minute) or lower, tungsten was 5 (A/minute) or lower, tantalum was 3
(A/minute) or lower, and gold was 3 (A/minute) or lower. Note that the

16



evaluation results concerning the etch rate of each metal film were not
shown in the tables.
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[0071]

[Table 2]
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[0076]

The etching solutions of Comparative Example 1 and Comparative
Example 2 are a kind of generally-used buffered hydrofluoric acid, which
includes hydrofluoric acid, ammonium fluoride and water. The etching
solutions of Comparative Examples 3, 4 and 5 are buffered hydrofluoric acid
with only organic acid added, which includes hydrofluoric acid, ammonium
fluoride, organic acid and water. The etching solutions of Comparative
Examples 6 and 7 are buffered hydrofluoric acid with only alcohol added,
which includes hydrofluoric acid, ammonium fluoride, alcohol and water.
[0077]

Referring to Tables 1 to 6, the etch rate of the silicon oxide film or
silicon nitride film will be described below. Among Examples 1 to 24,
Example 2 exhibits the lowest etch rate of 631 (A/minute) for the
thermally-oxidized film (th-SiO2). The other solutions of Examples 1 to 24
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etched the thermally-oxidized film at an etch rate of 600 (A/minute) or
higher. On the other hand, the etch rate values of Comparative Examples
2.6 and 7 are 333 (A/minute), 338 (A/minute), 204 (A/minute), respectively,
which are very low. The etching solutions having such low etch rates are
not preferable from the viewpoint of throughput. Examples 1 to 24 and
Comparative Examples 1 to 7 exhibit similar tendencies for the P-TEOS
films and P-SiN films.

[0078]

A description about corrosivity will be made below. Among
Comparative Examples 1 to 7, Comparative Example 5§ exhibits an etched
amount of 134 (4), which is the smallest value to remove aluminum by
one-minute etching, although the other comparative examples show etched
amounts of 150 (A) or larger. Such large amounts of aluminum etched for
one minute imply that the etching solutions have removed a large amount
of aluminum film immediately after the start of etching, which is
unfavorable in terms of corrosivity. On the other hand, among Examples 1
to 24, the largest amount of aluminum etched for one minute was 118 (A) by
Example 19. The other examples have etched less aluminum than 118 A,
and it is often the case of less than 100 (A). Such small amounts of
aluminum etched for one minute is preferable in terms of corrosivity.
Examples 1 to 24 and Comparative Examples 1 to 7 exhibit similar
tendencies for the aluminum-copper alloy films.

[0079]

The selectivity ratio will be also evaluated as follows. As to
Comparative Examples 1 and 2, the aluminum and aluminum-copper alloy
film were etched relatively in large amounts, resulting in low selectivity
ratios. Specifically, the selectivity ratios of the thermally-oxidized film to
the aluminum flm are 3.7 in Comparative Example 1 and 0.4 in
Comparative Example 2. The selectivity ratios of Comparative Examples 3
to 5 are 5.4, 6.2, and 5.8, respectively, which are higher than those of
Comparative Examples 1 and 2; however, those values are still not high
enough to satisfy the recent demand for throughput improvement. The
selectivity ratios of Comparative Examples 6 and 7 are 2.2 and 1.4,
respectively, which are as low as the other comparative examples. On the
contrary, all Examples 1 to 24 have high selectivity ratios. Even Example
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16 having the lowest selectivity ratio exhibits 7.6. The selectivity ratios of
7.6 or higher can respond to the recent demand for throughput
improvement. In addition, Examples 1 to 24 and Comparative Examples 1
to 7 show similar tendencies in the selectivity ratios for the P-TEOS films
and P-SiN films.

[0080]

The removability of natural oxide films and damaged silicon layers
will be evaluated below. All Examples 1 to 24 have good removability of
the natural oxide films and damaged silicon layers. This means that the
use of the etchant composition of the invention as a pretreatment liquid to
perform anisotropic etching on monocrystalline silicon can improve
throughput of the semiconductor device fabrication. On the contrary,
Comparative Examples 2, 6 and 7 result in poor removability of the natural
oxide films and damaged silicon layers.
foos1]

Evaluation of resist damaging will be described below. Examples 9,
10, 15 and 21 exhibit good resist damage evaluation, in other words, the
etching solutions of those examples cause no damage to the resist layers.
These examples contain lactic acid as an organic acid. Therefore, etching
solution used to etch a substrate with a resist formed thereon should be
formulated based on the composition of these examples in terms of the
resist damage.

[0082]

The etching solutions including a surfactant, ie., the etching
solutions of Examples 22 to 24 including hydrofluoric acid, ammonium
fluoride, acetic acid, organic acid, a surfactant and water have roughly the
same properties as the etching solutions of Examples 1 to 21 without the
surfactant. Therefore, the etching solutions with a surfactant can be
effectively used when the wettability of the surface of an object to be etched
is not high. For example, when a significantly fine device pattern hinders
etching solution from penetrating small gaps in the pattern and therefore
retards the etching process, the use of such an etchant composition system
including a surfactant can improve the wettability, thereby proceeding
etching while maintaining basic properties of the etching solution.

[0083]
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The foregoing has described the embodiment of the present
invention by referring to the drawings. However, the invention should not
be limited to the illustrated embodiment. It should be appreciated that
various modifications and changes can be made to the illustrated
embodiment within the scope of the appended claims and their equivalents.

{Industrial Applicability]
[0084]

The etchant composition and etching method according to the
present invention are effectively used in order to efficiently fabricate
semiconductor devices.

[Reference Signs List]
[0085)

11 target substrate

12 silicon substrate

13, 15 surface

14, 18a, 18b insulating film
168, 16b metal film

17 opening
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CLAIMS

1. An etchant composition used to etch a silicon-containing film formed on a
target substrate, said composition comprising:

at least one additive selected from the group consisting of an organic compound
containing a hydroxyl group, an organic compound containing a carbonyl group, an
inorganic acid and inorganic salt, hydrofluoric acid, ammonium fiuoride, and an organic
acid;

wherein the etchant composition has a property {o prevent corrosion of aluminum
films and aluminum alioy films;

whereln a concentration of the hydrofluoric acid in an entire efching solution
ranges from 0.5 weight % to 15 weight %, a concentration of the ammonium fluoride in
the entire eiching solution ranges from 5 weight % to 30 weight %, a concentration of the
organic acid in the entire etching solution ranges from & weight % to 70 weight %, and a

concentration of additives in the entire etching solution ranges from 1 weight % to 70

weight %.

2. The etchant composition according to claim 1 further comprising a
surfactant.

3. The etchant composition according 1o claim 2, wherein the surfactant

includes at least one additive selected from the group consisting of an amphoteric

surfactant, an anionic surfactant and a nonionic surfactant.
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4. The efchant composition according to claim 1, wherein the organic acid
includes at least one additive selected from the group consisting of monocarboxyiic acid,

polycarboxylic acid, oxycarboxylic acid, phosphonic acid and sulfonic acid.

5. The etchant composition according to claim 1, wherein the organic acid
includes at least one additive selected from the group consisting of acetic acid, propionic
acid, oxalic acid, malonic acid, succinic acid, glutaric acid, glycolic acid, lactic acid, malic
acid, tartaric acid, cilric acid, amino tris(methylenephosphonic acid), 1-
hydroxyethylidene-1,1-diphosphonic acid, methane sulfonic acid and ethane sulfonic

acid.

8. The etchant composition according to claim 1, wherein the organic
compound containing a hydroxyl group includes at least one additive selected from the

group consisting of alcohols, glycols, triols and methylols.

7. The etchant composition according to claim 1, wherein the organic
compound containing a hydroxyl group includes at least one additive selected from the
group consisting of: furfuryl alcohol, propylene glycol, polyethylene glycol, 1,4-
butanediol, 3-methyi-1,3-butanediol, 1,6-hexanediol, 1,8-octanediol, 1,3~
cyclohexanediol, 1,4-cyciohexanediol, 1,2,4-butanetriof, 3-methylpentane-1,3,5-triol and

1,4-cyclohexanedimethanol.
8. The eichant composition according to claim 1, wherein the organic
compound containing a carbonyl group includes at least one additive selected from the

group consisting of ketones, aldehydes and esters,
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9. The etchant composition according to claim 1, wherein the organic
compound containing a carbonyl group includes at ieast one additive selected from the

group consisting of cyclopentanone and cyciochexanone.

10. The etchant composition according to claim 1, wherein the inorganic acid
includes at least one additive selected from the group consisting of nitric acid, sulfuric

acid and sulfamic acid.
11. The etchant composition according o claim 1, wherein the inarganic salt
includes at least one additive selected from the group consisting of ammonium nitrate,

ammonium sulfate and ammonium sulfamate.

12. An etching method comprising: applying the composition of claim 1.
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