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DESCRIPTION

METAL REMOVAL METHOD, DRY ETCHING METHOD, AND PRODUCTION

METHOD FOR SEMICONDUCTOR ELEMENT

Technical Field
[0001]

The present invention relates to a metal removal method,
a dry etching method, and a production method for a

semiconductor element.

Background Art
[0002]

As magnetic materials and wiring line materials
constituting semiconductor elements, such as non-volatile
memory elements, transition metal elements, such as iron (Fe),
cobalt (Co), nickel (Ni), selenium (Se), molybdenum (Mo),
rhodium (Rh), palladium (Pd), tungsten (W), rhenium (Re),
iridium (Ir), and platinum (Pt) are used in some cases. In
a semiconductor element production step, a sputtering method
or a wet etching method is used in some cases when a metal

thin film on a substrate is etched to form wiring lines.

Citation List
Patent Literature
[0003]

PTL 1: JP 2004-228487 A
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Summary of Invention

Technical Problem
[0004]

However, the sputtering method or the wet etching method
has posed a risk of etching even a part of the semiconductor
element which should basically not be etched, resulting in
a loss of the characteristics of the semiconductor element.

PTL 1 discloses a method for dry etching a metal thin
film on a substrate using an etching gas excited by plasma,
but the etching method using plasma has had a problem of high
cost.

It is an object of the present invention to provide a
metal removal method, a dry etching method, and a production
method for a semiconductor element, which can be implemented

at a low cost.

Solution to Problem
[0005]

In order to solve the above-described problem, one aspect
of the present invention is as described in [1] to [9] below.

[1] A metal removal method including:

a reaction step of bringing a treatment gas containing
a fluorine-containing interhalogen compound and a
metal-containing material containing a metal element into
contact with each other to generate metal fluoride which is
a reaction product of the fluorine-containing interhalogen

compound and the metal element; and
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avolatilization step of heating themetal fluoride under
an inert gas atmosphere or in a vacuum environment for
volatilization, in which

the metal element is at least one kind selected from the
group consisting of iron, cobalt, nickel, selenium,
molybdenum, rhodium, palladium, tungsten, rhenium, iridium,
and platinum.

[0006] [2]

The metal removal method according to [1], in which the
fluorine—-containing interhalogen compound is at least one
kind selected from the group consisting of chlorine
monofluoride, bromine monofluoride, chlorine trifluoride,
chlorine pentafluoride, bromine pentafluoride, and iodine
heptafluoride.

[3] The metal removal method according to [1] or [2],
in which the treatment gas contains at least one kind of inert
gas selected from the group consisting of nitrogen gas, helium,
neon, argon, krypton, and xenon.

[0007] [4]

The metal removal method according to any one of [1] to
[3], in which the reaction temperature of the
fluorine—-containing interhalogen compound and the metal
element in the reaction step is 0°C or more and 100°C or less.

[5] The metal removal method according to any one of [1]
to [4], in which the heating temperature of the metal fluoride
in the volatilization step is higher than the reaction
temperature of the fluorine-containing interhalogen

compound and the metal element in the reaction step.

-3-
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[0008] [6] The metal removal method according to [5], in which
the heating temperature of the metal fluoride in the
volatilization step is 50°C or more and 400°C or less.

[7] The metal removal method according to any one of [1]
to [6] including:, in the reaction step, bringing the
treatment gas into contact with a silicon-containingmaterial
containing at least one of silicon oxide and silicon nitride
and the metal-containing material.

[0009] [8] Adry etchingmethod using the metal removal method
according to any one of [1] to [7].

[9] A production method for a semiconductor element
including: a dry etching step of removing at least one portion
of a metal-containing layer containing at least one kind of
metal element selected from the group consisting of iron,
cobalt, nickel, selenium, molybdenum, rhodium, palladium,
tungsten, rhenium, iridium, and platinum froma semiconductor
substrate having the metal-containing layer using the dry

etching method according to claim 8.

Advantageous Effects of Invention
[0010]
According to the present invention, metal removal and

dry etching can be carried out at a low cost.

Brief Description of Drawings

[0011]
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FIG. 1 is a schematic diagram illustrating the structure
of a reactor used in Examples, Comparative Examples, and
Reference Examples; and

FIG. 2 is a view illustrating a sample used in Examples

and the like.

Description of Embodiments
[0012]

One embodiment of the present invention will now be
described below. This embodiment describes an example of the
present invention and the present invention is not limited
to this embodiment. Further, this embodiment can be
variously altered or modified and embodiments obtained by
such alternations or modifications may also be included in
the present invention.

[0013]

As a result of various examinations to solve the
above-described problem, the present inventors have found
that a fluoride-containing interhalogen compound is brought
into contact with a metal element, such as Wor Ir, to generate
metal fluoride which is a reaction product of the metal
element and the fluoride-containing interhalogen compound,
and then the metal fluoride is heated in a reduced pressure
environment or the like to volatilize the metal fluoride,
thereby enabling the removal of a metal-containing material
containing the metal element, and thus have completed the
present invention.

[0014]
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More specifically, a metal removal method according to
one embodiment of the present invention includes a reaction
step of bringing a treatment gas containing a
fluorine-containing interhalogen compound and a
metal-containing material containing a metal element into
contact with each other to generate metal fluoride which is
a reaction product of the fluorine-containing interhalogen
compound and the metal element and a volatilization step of
heating the metal fluoride under an inert gas atmosphere or
in a vacuum environment for volatilization. The metal
element contained in the metal-containing material is at
least one kind selected from the group consisting of iron,
cobalt, nickel, selenium, molybdenum, rhodium, palladium,
tungsten, rhenium, iridium, and platinum. In the metal
removal method of this embodiment, the metal may be removed
by alternately repeating the reaction step and the
volatilization step. Alternatively, the reaction step and
the volatilization step may be performed at the same time.
[0015]

In the reaction step, the fluorine-containing
interhalogen compound (e.g., BrFs) in the treatment gas reacts
with the metal element contained in the metal-containing
material to generate metal fluoride which is presumed to be
a fluorine-containing halogen-containing metal complex
(e.g., [BrF4] [MF¢]), in which M is a metal element).
Therefore, a remarkable mass increase arises in the
metal-containing material. Such metal fluoride has a vapor

pressure higher than that of simple substances, oxides,
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nitrides, and the like of the metal elements, and therefore
is volatilized and removed by heating in the volatilization
step.
[0016]

The metal removal method of this embodiment has no
necessity of bringing the fluorine-containing interhalogen
compound into an excited state, such as plasma, and therefore
metal removal can be carried out at a low cost and corrosion
is unlikely to occur in a reaction vessel, piping, and the
like used in the metal removal method of this embodiment and
a dry etching method of this embodiment described later.

According to themetal removal method of this embodiment,
even stable metals, such as iron, cobalt, nickel, selenium,
molybdenum, rhodium, palladium, tungsten, rhenium, iridium,
and platinum, can be easily removed.

[0017]

By the use of themetal removal method of this embodiment,
metal deposits can be removed from members or devices for
cleaning. For example, when metal deposits containing the
metal elements mentioned above are deposited on the inner
surface of a chamber (for example, a chamber constituting a
semiconductor producing device) in which a reaction involving
the metal elements mentioned above, such as Ir and W, is
performed, the metal deposits deposited on the inner surface
of the chamber can be removed (cleaned) at a low cost by
implementing the metal removal method of this embodiment in
the chamber. For example, in the case of a chamber

constituting a semiconductor producing device, the
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above-described cleaning may be performed as a post—step of
a step of forming a metal-containing material containing the
metal elements mentioned above on a semiconductor substrate
to form a metal-containing layer or a post step after a step
of etching the metal-containing layer.

[0018]

Dry etching can be performed utilizing the metal removal
method of this embodiment. More specifically, the dry
etching method according to another embodiment of the present
invention is a dry etching method for etching metal using the
above-described metal removal method. The dry etching
method of this embodiment has no necessity of using plasma,
and therefore the etching can be carried out at a low cost.
[0019]

A semiconductor element can be produced using the dry
etching method of this embodiment. More specifically, a
production method for a semiconductor element according to
still another embodiment of the present invention includes
a dry etching step of removing at least one portion of a
metal-containing layer containing at least one kind of metal
element selected from the group consisting of iron, cobalt,
nickel, selenium, molybdenum, rhodium, palladium, tungsten,
rhenium, iridium, and platinum from a semiconductor substrate
having the metal-containing layer by the above-described dry
etching method.

[0020]
The metal-containing layer is formed on the

semiconductor substrate, a mask having a predetermined

-8-
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pattern is formed on the metal-containing layer, and then the
etching is performed by the above-described dry etching
method. Then, one part of the metal-containing layer is
removed from the semiconductor substrate, and the pattern
mentioned above is transferred to themetal-containing layer,
so that wiring lines or the like can be formed on the
semiconductor substrate.

[0021]

The production method for a semiconductor element of this
embodiment has no necessity of using plasma, and therefore
a semiconductor element can be produced at a low cost. When
a wet etching method is adopted, there is a problem that even
a part of the semiconductor element which should basically
not be etched may be etched, resulting in a loss of the
characteristics of the semiconductor element. However, in
the production method for a semiconductor element of this
embodiment, the metal-containing layer is removed by the dry
etching method, and therefore the above-described problem is
unlikely to occur.

[0022]

Hereinafter, the metal removal method of this embodiment
is described in more detail.

The metal-containing material containing the metal
elements may be simple metal of the metal elements mentioned
above, may be a compound of the metal elements mentioned above
(for example, metal oxides, metal nitrides, metal halides,
metal salts), or may be an alloy of two or more kinds of the

metal elements mentioned above.
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[0023]

The metal-containing material containing the metal
elements may contain only the simple metals, compounds, and
alloys mentioned above or may contain other components. More
specifically, the metal-containing material containing the
metal elements may be a mixture of at least one of the simple
metals, compounds, and alloys mentioned above and other
components. Examples of this mixture include alloys of the
metal elements mentioned above and different kinds of metal
elements and compositions containing at least one of the
simple metals, compounds, and alloys mentioned above and
other components. In this mixture, the composition ratio of
the simple metals, compounds, and alloys mentioned above is
preferably 30% by mass or more and more preferably 50% by mass
or more.

The shape of the metal-containing material containing
the metal elements is not particularly limited and may be a
thin film shape, a foil shape, a powder shape, or a lump shape.
[0024]

The type of the fluorine-containing interhalogen
compound is not particularly limited and at least one kind
selected from the group consisting of chlorine monofluoride
(C1lF), bromine monofluoride (BrF), chlorine trifluoride
(ClF3), iodine trifluoride (IF3), chlorine pentafluoride
(ClFs), bromine pentafluoride (BrFs), and iodine
heptafluoride (IF7) is usable. Among the above-described
fluorine-containing interhalogen compounds, bromine

pentafluoride and iodine heptafluoride are more preferable.
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[0025]

The reaction temperature of the fluorine-containing
interhalogen compound and the metal element in the reaction
step needs to be a temperature at which the
fluorine—-containing interhalogen compound contained in the
treatment gas can be present in a gaseous state (temperature
equal to or more than the boiling point of the
fluorine—-containing interhalogen compound). The reaction
temperature of the fluoride-containing interhalogen
compound and the metal element in the reaction step is
preferably 0°C or more and 100°C or less, more preferably 10°C
or more and 80°C or less, and still more preferably 15°C or
more and 50°C or less.

When the reaction temperature is within the ranges
mentioned above, the reaction rate of the reaction between
the fluoride-containing interhalogen compound and the metal
element is likely to be sufficiently high, and, in addition
thereto, a reaction between the fluorine-containing
interhalogen compound and substances other than the metal
elements mentioned above (for example, substances which
should basically not be reacted) is unlikely to occur.
[0026]

When a fluorine gas is used, highly volatile metal
fluoride can be generated and removed by a reaction between
the fluorine gas and the metal elements. However, when plasma
is not used, a high temperature of 150°C or more is required
for the reaction between the fluorine gas and the metal

elements mentioned above. Under such a high temperature
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condition, the fluorine gas may react with silicon, silicon
oxide, and the like (equivalent to the “substances which

should basically not be reacted”), making it difficult to
apply the metal removal method and the dry etching method of
this embodiment to a semiconductor element production step.
[0027]

The treatment gas used in the reaction step may be formed
only of the fluorine—-containing interhalogen compound or may
be a mixed gas containing the other kinds of gases. When the
treatment gas is a mixed gas, the concentration of the
fluorine—-containing interhalogen compound in the treatment
gas 1is preferably 1 vol% or more, more preferably 5 vol% or
more, and still more preferably 10 vol% or more in order to
obtain a sufficient reaction rate.

[0028]

As the other kinds of gases used when the treatment gas
is a mixed gas, at least one kind of inert gas selected from
the group consisting of nitrogen gas (N2), helium (He), neon
(Ne), argon (Ar), krypton (Kr), and xenon (Xe) is usable. The
concentration of the inert gas in the treatment gas can be
set in the range of 0 vol% or more and 90 vol% or less, for
example.

[0029]

The atmospheric pressure in the reaction step is not
particularly limited and can be set to 0.1 kPa or more and
101.3 kPa or less, for example. The flowrate of the treatment
gas may be determined as appropriate within a range where the

atmospheric pressure can be kept constant according to the
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size of a reaction vessel and the capacity of an evacuator
for reducing the pressure inside the reaction wvessel.
[0030]

The volatilization step is carried out by heating the
metal fluoride under an inert gas atmosphere or in a vacuum
environment.

The heating temperature of the metal fluoride in the
volatilization step is preferably set to be higher than the
reaction temperature of the fluoride-containing
interhalogen compound and the metal element in the reaction
step in order to rapidly volatilize the metal fluoride. For
example, the heating temperature of the metal fluoride in the
volatilization step is set to preferably a temperature higher
by 5°C or more, more preferably a temperature higher by 10°C
or more, and still more preferably a temperature higher by
20°C or more than the reaction temperature of the
fluoride—-containing interhalogen compound and the metal
element in the reaction step.

[0031]

The heating temperature of the metal fluoride in the
volatilization step is not particularly limited insofar as
the metal fluoride can be volatilized and is preferably 40°C
or more and 500°C or less, more preferably 45°C or more and
400°C or less, still more preferably 50°C or more and 400°C
or less, and yet still more preferably 50°C or more and 350°C
or less.

[0032]

-13-
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When the heating temperature of the metal fluoride in
the volatilization step is within the ranges mentioned above,
the volatilization rate of the metal fluoride is likely to
be sufficiently high, and, in addition thereto, the time and
the energy required for the volatilization of the metal
fluoride are unlikely to be excessive.

As the inert gas, at least one kind selected from the
group consisting of nitrogen gas, helium, neon, argon,
krypton, and xenon is usable, for example. The inert gas
atmosphere is preferably an atmosphere in which the inert gas
is circulated at a pressure of 0.1 kPa or more and 101.3 kPa
or less. The vacuum environment in the volatilization step
is preferably an environment in which the pressure is reduced
to 0.1 Pa or more and 100 Pa or less.

[0033]

The fluorine-containing interhalogen compound, such as
BrFs, in a non-excited state hardly reacts with silicon oxides
and silicon nitrides at temperatures equal to or less than
100°C. Therefore, when the treatment gas is brought into
contact with both a silicon-containing material containing
at least one of silicon oxides and silicon nitrides and the
metal-containing material containing the metal elements
mentioned above in the reaction step, the silicon-containing
material containing at least one of silicon oxides and silicon
nitrides is hardly removed, and the metal-containingmaterial
containing the metal elements mentioned above is selectively
removed.

[0034]
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Therefore, when the dry etching using the metal removal
method of this embodiment is applied to the semiconductor
substrate having the metal-containing layer containing the
metal elements mentioned above and the silicon-containing
layer containing at least one of silicon oxides and silicon
nitrides, a semiconductor element can be produced with at
least one part of the metal-containing layer being etched and

with the silicon-containing layer being hardly etched.

EXAMPLES
[0035]

Hereinafter, the present invention is described in more
detail by illustrating Examples, Comparative Examples, and
Reference Examples. First, the structure of a reactor 1 used
in Examples, Comparative Examples, and Reference Examples is
described with reference to FIG. 1.

The reactor 1 in FIG. 1 is provided with a chamber 3 in
which the reaction is carried out. 1In this chamber 3, a stage
5 on which a sample 7 is placed is installed. The chamber
3 is provided with a gas introduction port 11 introducing a
treatment gas (hereinafter, a gas reacting with metal among
treatment gases is sometimes referred to as “etching gas”)
into the chamber 3, a gas discharge port 13 discharging the
treatment gas and the metal fluoride from the inside of the
chamber 3, a pressure reducing device (not illustrated)
reducing the pressure inside the chamber 3, and a pressure

gauge 15 measuring the pressure inside the chamber 3.
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[0036]

The stage 5 further has a function as a heating device,
and thus the sample 7 on the stage 5 can be heated to a desired
temperature. The reactor 1l is further providedwith a heating
device (not illustrated) heating the outer wall of the chamber
3, and thus the inside of the chamber 3 can be controlled to
a desired temperature.

[0037]

The sample 7 is placed on the stage 5, and then heat is
applied by at least one of the stage 5 and the above-described
heating device and the treatment gas is introduced into the
chamber 3 from the gas introduction port 11 are performed.
Then, the treatment gas is brought into contact with the
sample 7 under a predetermined temperature condition, so that
metal of the sample 7 reacts with the treatment gas.
Thereafter, in order to volatilize metal fluoride generated
in the reaction, the inside of the chamber 3 is reset to a
predetermined temperature, and then a gas containing the
metal fluoride is discharged from the gas discharge port 13
to the outside of chamber 3 to be removed. It may be
acceptable that, during the removal of the metal fluoride,
the treatment gas is always introduced from the gas
introduction port 11 into the chamber 3 and the gas discharge
port 13 is opened to discharge a gas containing the treatment
gas or the metal fluoride to the outside of the chamber 3.
[0038]

Dry etching of metal can be performed using the reactor

1 and using the treatment gas as the etching gas. By the dry
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etching of metal using the reactor 1, a metal thin film
(metal-containing layer) on a semiconductor substrate having
a silicon-containing material can be etched to form wiring
lines, and therefore the reactor 1 is usable for producing
a semiconductor element.

[0039]

Next, metal removal treatment of Examples, Comparative
Examples, and Reference Examples performed using the reactor
1 is described.

[Example 1-1]

Ir powder (manufactured by Furuya Metal Co., Ltd.,
average particle size of 0.3 um, purity of 99.9%), which is
the sample 7, was placed on the stage 5, and then the sample
7 was heated to 30°C by the stage 5. BrFs, which is the
treatment gas, was discharged to the outside of the chamber
3 having an internal volume of 2500 cm?® from the gas discharge
port 13 while introducing BrFs into the chamber 3 from the
gas introduction port 11, thereby circulating the treatment
gas in the chamber 3 (reaction step). The treatment gas was
circulated for 10 minutes at a flow rate of 100 sccm. The
pressure inside the chamber 3 was set to 101 kPa. Herein,
sccm is the volumetric flow rate (cm?®) per minute standardized
under the condition of 0°C and 1 atm.

[0040]

When the circulation of the treatment gas was completed,
the pressure inside the chamber 3 was reduced to 100 Pa or
less and the sample 7 was heated to 100°C by the stage 5

(volatilization step). The heating of the sample 7 was
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performed for 30 minutes, the inside of the chamber 3 was
replaced with nitrogen gas, the sample 7 was taken out, and
then the mass of the sample 7 was measured. Then, the mass
reduction rate of the sample 7 was calculated by the following

expression. The results are shown in Table 1.

[0041]
Mass reduction rate (%) = (Mass of sample 7 before metal
removal treatment - Mass of sample 7 after metal removal

treatment) /Mass of sample 7 before metal removal treatment
The average particle size of powder, such as the Ir powder,

was determined on a volume basis by a laser

diffraction/scattering particle size distribution analyzer

Partica LA-960 manufactured by Horiba Ltd.

[0042]

[Table 1]
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Reaction step

Volatilization

Sample = — - t - stept Mass re((i;c)tion rate
. ching gas/Inert gas emperature emperature b
Etching gas Inert gas (sgc?n Jscem) g (Fl Q) (E Q)
Ex. 1-1 Ir BrFs - - 30 100 100
Ex. 1-2 Ir IF7 - - 30 100 96
Ex. 1-3 Ir BrFs - - 0 100 92
Ex. 1-4 Ir IF7 - - 0 100 89
Ex.1-5 Ir BrFs Ar 50/50 30 100 100
Ex. 1-6 Ir BrFs He 50/50 30 100 100
Ex. 1-7 Ir BrFs N2 50/50 30 100 100
Ex. 1-8 Ir BrFs N2 30/70 30 100 100
Ex.1-9 Ir IF7 Ar 50/50 30 100 97
Ex. 1-10 Ir IF7 He 50/50 30 100 95
Ex. 1-11 Ir IF7 N2 50/50 30 100 96
Ex. 1-12 Ir IF7 N2 30/70 30 100 96
Comp. Ex. 1-1 Ir Fa - - 30 100 Less than 1
Comp. Ex. 1-2 Ir BrFs - - 30 - Mass increased
Ex. 2-1 W BrFs - - 30 100 100
Ex. 2-2 W IF7 - - 30 100 94
Comp. Ex. 2-1 W Fa - - 30 100 15
Ex. 3-1 Se BrFs - - 30 50 100
Ex. 3-2 Se IF7 - - 30 50 100
Comp. Ex. 3-1 Se Fa - - 30 50 Less than 1
Ex. 4-1 Mo BrFs - - 30 100 98
Ex. 4-2 Mo IF7 - - 30 100 92
Comp. Ex. 4-1 Mo Fa - - 30 100 Less than 1
Ex. 5-1 Rh BrFs - - 30 100 98
Ex. 5-2 Rh IF7 - - 30 100 96
Comp. Ex. 5-1 Rh Fa - - 30 100 Less than 1
Ex. 6-1 Pd BrFs - - 30 350 82
Ex. 6-2 Pd IF7 - - 30 350 67
Comp. Ex. 6-1 Pd Fa - - 30 350 Less than 1
Ex. 7-1 Re BrFs - - 30 100 89
Ex. 7-2 Re IF7 - - 30 100 80
Comp. Ex. 7-1 Re Fa - - 30 100 Less than 1
Ex. 8-1 Pt BrFs - - 30 100 95
Ex. 8-2 Pt IF7 - - 30 100 95
Comp. Ex. 8-1 Pt Fa - - 30 100 Less than 1
Ex. 9-1 Fe BrFs - - 100 350 37
Ex. 9-2 Fe IF7 - - 100 350 25
Comp. Ex. 9-1 Fe Fa - - 100 350 Less than 1
Ex. 10-1 Co BrFs - - 100 350 57
Ex. 10-2 Co IF7 - - 100 350 45
Comp. Ex. 10-1 Co Fa - - 100 350 Less than 1
Ex. 11-1 Ni BrFs - - 100 350 49
Ex. 11-2 Ni IF7 - - 100 350 44
Comp. Ex. 11-1 Ni Fa - - 100 350 Less than 1
Ref. Ex. 1-1 SiO2 BrFs - - 30 350 Less than 1
Ref. Ex. 1-2 SiO2 IF7 - - 30 350 Less than 1
Ref. Ex. 1-3 SiO2 BrFs - - 100 350 8
Ref. Ex. 1-4 SiO2 IF7 - - 100 350 7
Ref. Ex. 2-1 Si3Ns BrFs - - 30 350 Less than 1
Ref. Ex. 2-2 SiaNs IF7 - - 30 350 Less than 1
Ref. Ex. 2-3 SiaNs BrFs - - 100 350 20
Ref. Ex. 2-4 Si3Ns IF7 - - 100 350 14
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[0043] [Example 1-2]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the etching gas was set
to IF7, and then the mass reduction rate was calculated. The
result is shown in Table 1.

[Example 1-3]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the reaction temperature
in the reaction step was set to 0°C and the pressure inside
the chamber 3 was set to 1072 MPa, and then the mass reduction
rate was calculated. The result is shown in Table 1.
[0044] [Example 1-4]

The metal removal treatment was performed in the same
manner as in Example 1-2, except that the reaction temperature
in the reaction step was set to 0°C, and then themass reduction
rate was calculated. The result is shown in Table 1.

[Example 1-5]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the etching gas and the
flow rate were set to BrFs/Ar = 50 scem/50 sccem, and then the
mass reduction rate was calculated. The result is shown in
Table 1.

[0045] [Example 1-6]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the etching gas and the
flow rate were set to BrFs/He = 50 sccm/50 sccm, and then the
mass reduction rate was calculated. The result is shown in

Table 1.

-20-
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[Example 1-7]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the etching gas and the
flow rate were set to BrFs/Nz = 50 sccm/50 sccm, and then the
mass reduction rate was calculated. The result is shown in
Table 1.

[0046] [Example 1-8]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the etching gas and the
flow rate were set to BrFs/N, = 30 scem/70 scem, and then the
mass reduction rate was calculated. The result is shown in
Table 1.

[Example 1-9]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the etching gas and the
flow rate were set to IF7/Ar = 50 sccm/50 sccm, and then the
mass reduction rate was calculated. The result is shown in
Table 1.

[0047] [Example 1-10]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the etching gas and the
flow rate were set to IF7/He = 50 sccm/50 sccm, and then the
mass reduction rate was calculated. The result is shown in
Table 1.

[Example 1-11]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the etching gas and the

flow rate were set to IF7/Nz = 50 scem/50 sccm, and then the
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mass reduction rate was calculated. The result is shown in
Table 1.
[0048] [Example 1-12]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the etching gas and the
flow rate were set to IF7/N2 = 30 sccm/70 sccm, and then the
mass reduction rate was calculated. The result is shown in
Table 1.

[Comparative Example 1-1]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the etching gas was set
to F2, and then the mass reduction rate was calculated. The
result is shown in Table 1.

[0049] [Comparative Example 1-2]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that the volatilization step
was not carried out and, after the completion of the reaction
step, the inside of the chamber 3 was replaced with nitrogen
gas, the sample 7 was taken out, and then the mass of the sample
7 was measured, and then the mass reduction rate was
calculated. The result is shown in Table 1.

[Example 2-1], [Example 2-2], and [Comparative Example
2-1]

W powder (manufactured by The Nilaco Corporation,
average particle size of 3 um, purity of 99.9%) was used as
the sample 7 and the treatment was performed under the
conditions shown in Table 1. The results are shown in Table

1.

-22-



10

15

20

25

[0050] [Example 3-1], [Example 3-2], and [Comparative Example
3-1]

Se powder (manufactured by NACALAI TESQUE, INC., average
particle size of 10 um, purity of 99.9%) was used as the sample
7 and the treatment was performed under the conditions shown
in Table 1. The results are shown in Table 1.

[Example 4-1], [Example 4-2], and [Comparative Example
4-1]

Mo powder (manufactured by A.L.M.T. Corp., average
particle size of 6 um, purity of 99.9%) was used as the sample
7 and the treatment was performed under the conditions shown
in Table 1. The results are shown in Table 1.

[0051] [Example 5-1], [Example 5-2], and [Comparative Example
5-1]

Rh powder (manufactured by Kojundo Chemical Lab. Co.,
Ltd., average particle size of 30 um, purity of 99.9%) was
used as the sample 7 and the treatment was performed under
the conditions shown in Table 1. The results are shown in
Table 1.

[Example 6-1], [Example 6-2], and [Comparative Example
6-11]

Pd powder (manufactured by Aida chemical Industries Co.,
Ltd., average particle size of 8 um, purity of 99.9%) was used
as the sample 7 and the treatment was performed under the
conditions shown in Table 1. The results are shown in Table
1.

[0052] [Example 7-1], [Example 7-2], and [Comparative Example

7-11
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Re powder (manufactured by New Metals and Chemicals
Corporation, Ltd., average particle size of 20 um, purity of
99.9%) was used as the sample 7 and the treatment was performed
under the conditions shown in Table 1. The results are shown
in Table 1.

[Example 8-1], [Example 8-2], and [Comparative Example
8-1]

Pt powder (manufactured by The Nilaco Corporation,
average particle size of 5 um, purity of 99.9%) was used as
the sample 7 and the treatment was performed under the
conditions shown in Table 1. The results are shown in Table
1.

[0053] [Example 9-1], [Example 9-2], and [Comparative Example
9-1]

Fe powder (manufactured by The Nilaco Corporation,
average particle size of 70 um, purity of 99.9%) was used as
the sample 7 and the treatment was performed under the
conditions shown in Table 1. The results are shown in Table
1.

[Example 10-1], [Example 10-2], and [Comparative
Example 10-1]

Co powder (manufactured by Merck, average particle size
of 2 um, purity of 99.8%) was used as the sample 7 and the
treatment was performed under the conditions shown in Table
1. The results are shown in Table 1.

[Example 11-1], [Example 11-2], and [Comparative

Example 11-1]
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Ni powder (manufactured by The Nilaco Corporation,
average particle size of 50 um, purity of 99.9%) was used as
the sample 7 and the treatment was performed under the
conditions shown in Table 1. The results are shown in Table
1.

[0054] [Comparative Example 12]

The metal removal treatment was performed in the same
manner as in Example 1-1, except that SFs, NF3, SiF4, CF4, CHF3,
or a mixture of each of the etching gases and NH3z was used
as the etching gas. A mass reduction was not observed in each
case of using any of the etching gases. In addition, when
the treatment was performed by changing the temperature
condition in the reaction step from 30°C to 100°C or 0°C or
when the temperature condition in the volatilization step was
changed from 100°C to 50°C or 350°C, a reduction in the mass
of the Ir powder was not observed. These results were all
the same not only when the Ir powder was used as the sample
7 but when W, Se, Mo, Rh, Pd, Re, Pt, Fe, Co, and Ni powders
were used.

[0055] [Reference Example 1-1], [Reference Example 1-2],
[Reference Example 1-3], and [Reference Example 1-4]

Si1i02 powder (manufactured by Marutou CO., LTD., average
particle size of 50 um, purity of 99.9%) was used as the sample
7 and the treatment was performed under the conditions shown
in Table 1. The results are shown in Table 1.

[Reference Example 2-1], [Reference Example 2-2],

[Reference Example 2-3], and [Reference Example 2-4]
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Si3Ns powder (manufactured by UBE INDUSTRIES, LTD.,
average particle size of 50 um, purity of 99.9%) was used as
the sample 7 and the treatment was performed under the
conditions shown in Table 1. The results are shown in Table
1.

[0056]

As is understood from Examples 1-1, 1-2, 1-3, and 1-4,
the etching of Ir was able to be achieved by performing the
reaction at 0°C or 30°C using BrFs or IF; as the etching gas
in the reaction step and performing the heating to 100°C in
the vacuum environment in the volatilization step.

[0057]

On the other hand, as is understood from Comparative
Example 1-1, when F2 was used as the etching gas in the reaction
step, the etching of Ir did not proceed. As is understood
from Comparative Example 1-2, even in the case of using BrFs
as the etching gas, when only the reaction step was performed
without performing the volatilization step, Ir was not be able
to be etched and the mass of the sample 7 increased.

As is understood from the results of Examples 1-5to 1-12,
the etching of Ir was able to be achieved even when the
treatment gas in which inert gas was mixed with BrFs or IF5y
was used in the reaction step.

[0058]

As is understood from Examples 2-1, 2-2, 4-1, 4-2, 5-1,
5-2, 7-1, 7-2, 8-1, 8-2, the etching of W, Mo, Rh, Re, and
Pt was able to be achieved by performing the reaction using

BrFs or IF; as the etching gas at 30°C in the reaction step
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and performing the heating to 100°C in the vacuum environment
in the volatilization step.

On the other hand, as is understood from Comparative
Examples 2-1, 4-1, 5-1, 7-1, 8-1, when F2 was used as the
etching gas in the reaction step, the etching of W, Mo, Rh,
Re, and Pt did not proceed.

[0059]

As is understood from Examples 3-1, 3-2, the etching of
Se was able to be achieved by performing the reaction using
BrFs or IF; as the etching gas at 30°C in the reaction step
and performing the heating to 50°C in the vacuum environment
in the volatilization step.

On the other hand, as is understood from Comparative
Example 3-1, when F2 was used as the etching gas in the reaction
step, the etching of Se did not proceed.

[0060]

As is understood from Examples 6-1, 6-2, the etching of
Pd was able to be achieved by performing the reaction using
BrFs or IF; as the etching gas at 30°C in the reaction step
and performing the heating to 350°C in the vacuum environment
in the volatilization step.

On the other hand, as is understood from Comparative
Example 6-1, when Fz was used as the etching gas in the reaction
step, the etching of Pd did not proceed.

[0061]
As is understood from Examples 9-1, 9-2, 10-1, 10-2, 11-1,
11-2, the etching of Fe, Co, and Ni was able to be achieved

by performing the reaction using BrFs or IF; as the etching
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gas at 100°C in the reaction step and performing the heating
£o 350°C in the vacuum environment in the volatilization step.

On the other hand, as is understood from Comparative
Examples 9-1, 10-1, 11-1, when F» was used as the etching gas
in the reaction step, the etching of Fe, Co, and Ni did not
proceed.

[0062]

As is understood from Reference Examples 1-1, 1-2, 2-1,
2-2, when the reaction was performed at 30°C using BrFs or
IF7; as the etching gas in the reaction step, the etching of
Si02 and Si3Ng did not proceed.

As is understood from Reference Examples 1-3, 1-4, 2-3,
2-4, also when the reaction was performed at 100°C using BrFs
or IF7 as the etching gas in the reaction step, the etching
of Si0O2 and Si3Ns only slightly proceeded.

The results above show that, when the metal removal
treatment of each of Examples described above is performed,
Fe, Co, Ni, Se, Mo, Rh, Pd, W, Re, Ir, and Pt can be selectively
etched without etching Si0O, or SizNs.

[0063] [Example 12-1], [Example 12-2], and [Comparative
Example 13]

The metal removal treatment, i.e., etching, was applied
to the sample 7 of Example 12-1, Example 12-2, and Comparative
Example 13 using the reactor 1 in FIG. 1. The sample 7 used
in Example 12-1, Example 12-2, and Comparative Example 13 is
described with reference to FIG. 2.

[0064]
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One was prepared in which a tungsten film 22 having a
thickness of 1 ym was formed on a square silicon substrate
21 having a side of 2 in. (manufactured by KST World Corp.),
and a rectangular silicon dioxide substrate 23 having a
dimension of 1 in. x 2 in. was bonded onto the tungsten 22
using grease (Demnum Grease L-200 manufactured by Daikin
Industries, Ltd.), and the resultant substance was used as
the sample 7. The silicon dioxide substrate 23 was bonded
to cover substantially the half of the tungsten film 22 as
illustrated in FIG. 2. The tungsten film 22 is the target
to be removed, i.e., the target to be etched, and the silicon
dioxide substrate 23 was used as a resist.

[0065]

The etching was performed using the sample 7 under the
conditions shown in Table 2. The conditions other than the
conditions shown in Table 2 are the same as those of Example
1-5. When the etching was completed, the chamber was opened
to take out the sample 7, the silicon dioxide substrate 23
was removed from the taken-out sample 7, and the bonded
surface was cleaned with ethanol to remove the grease. Then,
the size of a level difference between a covered surface 22a
of the tungsten film 22 which was covered with the silicon
dioxide substrate 23 and was not etched and an etched surface
22b of the tungsten film 22 which was not covered with the
silicon dioxide substrate 23 and was etched was measured using
an atomic force microscope VN-8010 manufactured by KEYENCE
CORPORATION. The tungsten etching rate (nm/min) was

calculated by dividing the measured level difference size
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(nm) by etching time

2.

[0066]

(min) .

The results are shown in Table

The measurement conditions of the size of the level

5 difference by the atomic force microscope are as follows.

Measurement pressure: Atmospheric pressure (101.3 kPa)

Measurement temperature:

Measurement atmosphere:

28°C

In atmosphere

Scanning range: Width of 80.0 um, Height of 20.0 um, Angle

10 of 0°

[0067]

[Table 2]

Sample

Reaction step

Volatilization
step

Etching gas/Inert gas

Etching gas (sccm/sccm)

Inert gas

Temperature
Q)

Temperature
(C)

Etching rate
(nm/min)

Ex. 121

BrFs Ar 10/90

30

50

56

Ex. 12-2

s|=l=

IF7 Ar 10/90

30

50

62

Comp. Ex. 13

F2 Ar 10/90

30

50

1

[0068]

Example 12-1 and Example 12-2 show that the etching

15 proceeds with no problems even when the removal target, i.e.,

etching target,
Example 13 shows that,

etching gas,

is a film.

the etching hardly proceeds.

20 Reference Signs List

[0069]
1

3

25 7

reactor
chamber
stage

sample
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On the other hand, Comparative

when a fluorine gas was used as the




11

13

15

21

22

23

gas introduction port
gas discharge port
pressure gauge
silicon substrate
tungsten film

silicon dioxide substrate
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CLAIMS

1. A metal removal method comprising:

a reaction step of bringing a treatment gas containing
a fluorine-containing interhalogen compound and a
metal-containing material containing a metal element into
contact with each other to generate metal fluoride which is
a reaction product of the fluorine-containing interhalogen
compound and the metal element; and

avolatilization step of heating themetal fluoride under
an inert gas atmosphere or in a vacuum environment for
volatilization, wherein

the metal element is at least one kind selected from the
group consisting of iron, cobalt, nickel, selenium,
molybdenum, rhodium, palladium, tungsten, rhenium, iridium,

and platinum.

2. The metal removal method according to claim 1,
wherein

the fluorine-containing interhalogen compound is at
least one kind selected from the group consisting of chlorine
monofluoride, bromine monofluoride, chlorine trifluoride,
chlorine pentafluoride, bromine pentafluoride, and iodine

heptafluoride.

3. The metal removal method according to claim 1 or

2, wherein
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the treatment gas contains at least one kind of inert
gas selected from the group consisting of nitrogen gas, helium,

neon, argon, krypton, and xenon.

4. The metal removal method according to any one of
claims 1 to 3, wherein

a reaction temperature of the fluorine-containing
interhalogen compound and the metal element in the reaction

step is 0°C or more and 100°C or less.

5. The metal removal method according to any one of
claims 1 to 4, wherein

a heating temperature of the metal fluoride in the
volatilization step is higher than the reaction temperature
of the fluorine-containing interhalogen compound and the

metal element in the reaction step.

6. The metal removal method according to claim 5,
wherein
the heating temperature of the metal fluoride in the

volatilization step is 50°C or more and 400°C or less.

7. The metal removal method according to any one of
claims 1 to 6 comprising

in the reaction step, bringing the treatment gas into
contact with a silicon-containing material containing at
least one of silicon oxide and silicon nitride and the

metal-containing material.
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8. A dry etching method, using the metal removal

method according to any one of claims 1 to 7.

9. A production method for a semiconductor element
comprising:

a dry etching step of removing at least one portion of
ametal-containing layer containing at least one kind of metal
element selected from the group consisting of iron, cobalt,
nickel, selenium, molybdenum, rhodium, palladium, tungsten,
rhenium, iridium, and platinum from a semiconductor substrate
having the metal-containing layer using the dry etching

method according to claim 8.
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