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DESCRIPTION

ETCHING METHOD AND ETCHING APPARATUS
Field
[0001] The present disclosure relates to an etching
method and an etching apparatus.
Background
[0002] The technique called the Quasi-atomic layer
etching (ALE) method is known as one of the techniques for
etching a film to be etched. The Quasi-ALE method etches a
film to be etched by depositing a polymer layer based on a
processing gas on the film to be etched and reacting the
polymer layer with the film to be etched by a plasma of a
rare gas (see, for example, Patent Literature 1).
Citation List
Patent Literature
[0003] Patent Literature 1: JP 2015-173240 A
Summary
Technical Problem
[0004] The present disclosure provides a technique that
can appropriately control an etching amount.
Solution to Problem
[0005] In an embodiment of a present disclosure, an
etching method includes: a physical adsorption process of
physically adsorbing an adsorbate based on a first
processing gas on a film to be etched under a condition
that the pressure of the first processing gas is smaller
than the saturated vapor pressure of the first processing
gas with respect to a temperature of an object to be
processed while cooling the object to be processed on which
the film to be etched is formed; and an etching process of
etching the film to be etched by reacting the adsorbate
with the film to be etched by a plasma of a second

processing gas.
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Advantageous Effects of Invention

[0006]

The present disclosure has an effect that can

appropriately control an etching amount.

Brief Description of Drawings

[0007]

FIG. 1

is a diagram schematically illustrating an

example of a cross section of an etching apparatus

according to an embodiment.

FIG.

2 1s a

diagram illustrating an example of a vapor

pressure curve of a first processing gas according to the

embodiment.

FIG.

3 is a

diagram illustrating an example of

temporal changes in the film thickness of a wafer according

to the embodiment.

FIG. 4 is a graph illustrating the result of measuring
temporal changes in the thickness of an adsorbate on an
S102 film by an ellipsometer when the temperature of the
wafer is -110°C.

FIG. 5 is a graph illustrating the result of measuring
temporal changes in the intensity of a gas component near
the Si02 film by QMS when the temperature of the wafer is -
110°C.

FIG. 6 is a graph illustrating the result of measuring
temporal changes in the thickness of the adsorbate on the

Si02 film by an ellipsometer when the temperature of the

wafer is

FIG.

temporal
the Si02
115°C.

FIG.

temporal

-115°C.
7 is a
changes

film by

8 is a
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graph illustrating the result of measuring
in the intensity of the gas component near

OMS when the temperature of the wafer is -

graph illustrating the result of measuring

in the thickness of the adsorbate on the

Si02 film by an ellipsometer when the temperature of the

wafer is

-120°C.
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FIG. 9 is a graph illustrating the result of measuring
temporal changes in the intensity of the gas component near
the Si02 film by QMS when the temperature of the wafer is -
120°C.

FIG. 10 is a flowchart illustrating an example of a
flow of an etching method according to the embodiment.
Description of Embodiment
[0008] Various embodiments will be described below in
detail with reference to the drawings. Note that the same
reference numerals shall be used for the same or
corresponding portions of the drawings.

[0009] In the Quasi-ALE method, when a polymer layer
based on a processing gas is deposited on a film to be
etched, the deposition amount of the polymer layer
deposited on the film to be etched tends to increase
linearly with the lapse of time. When the deposition
amount of the polymer layer deposited on the film to be
etched increases linearly with the lapse of time, it is
difficult to control the thickness of the polymer layer in
atomic layer units. Thus, the Quasi-ALE method has a
problem that it is difficult to appropriately control the
etching amount of the film to be etched by reacting with
the polymer layer.

[0010] [Configuration of Etching Apparatus]

An etching apparatus according to an embodiment will
first be described with reference to FIG. 1. FIG. 1 is a
diagram schematically illustrating an example of a cross
section of an etching apparatus 10 according to the
embodiment. The etching apparatus 10 illustrated in FIG. 1
is a capacitive coupling type etching apparatus.

[0011] The etching apparatus 10 includes a chamber 12.
The chamber 12 has a substantially cylindrical shape. The

chamber 12 provides its internal space as a processing



10

15

20

25

30

space. The chamber 12 has a film having plasma resistance
formed on its inner wall surface. The film can be an
alumite film or a film formed of yttrium oxide. The
chamber 12 is grounded. The chamber 12 has an opening 1l2g
formed on its side wall. When a wafer W is carried in from
the outside of the chamber 12 to the chamber 12 and when
the wafer W is carried out from the chamber 12 to the
outside of the chamber 12, the wafer W passes through the
opening 12g. A gate valve 14 is attached to the side wall
of the chamber 12 for opening and closing the opening 12g.
[0012] A support portion 15 is provided on the bottom of
the chamber 12. The support portion 15 has a substantially
cylindrical shape. The support portion 15 is made of, for
example, an insulating material. The support portion 15
extends upward from the bottom portion of the chamber 12 in
the chamber 12. A stage 16 is provided in the chamber 12.
The stage 16 is supported by the support portion 15.

[0013] The stage 16 is used to place a semiconductor
wafer (hereinafter referred to as a “wafer W”). The wafer
W is an example of an object to be processed. The stage 16
has a lower electrode 18 and an electrostatic chuck 20.

The lower electrode 18 includes a first plate 18a and a
second plate 18b. The first plate 18a and the second plate
18b are made of, for example, a metal such as aluminum, and
have a substantially disk-like shape. The second plate 18b
is provided on the first plate 18a and electrically
connected to the first plate 18a.

[0014] The electrostatic chuck 20 is provided on the
second plate 18b. The electrostatic chuck 20 has an
insulating layer and a film-like electrode provided in the
insulating layer. A DC power source 22 is electrically
connected to the electrode of the electrostatic chuck 20

via a switch 23. A DC voltage is applied to the electrode
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of the electrostatic chuck 20 from the DC power source 22.
When a DC voltage is applied to the electrode of the
electrostatic chuck 20, the electrostatic chuck 20
generates an electrostatic attractive force to attract the
wafer W to the electrostatic chuck 20 and hold the wafer W.
A heater may be built in the electrostatic chuck 20, and a
heater power source provided outside the chamber 12 may be
connected to the heater.

[0015] The second plate 18b is provided with a focusing
ring 24 on its peripheral edge. The focusing ring 24 is a
substantially annular plate. The focusing ring 24 is
disposed to surround the edge of the wafer W and the
electrostatic chuck 20. The focusing ring 24 is provided
to improve etching uniformity. The focusing ring 24 can be
formed of, for example, a material such as silicon or
quartz.

[0016] A flow channel 18f is provided inside the second
plate 18b. A refrigerant is supplied to the flow channel
18f from a chiller unit provided outside the chamber 12
through a pipe 26a. The refrigerant supplied to the flow
channel 18f is returned to the chiller unit through the
pipe 26b. In other words, the refrigerant is circulated
between the flow channel 18f and the chiller unit. The
control of the temperature of the refrigerant allows the
temperature of the stage 16 (or the electrostatic chuck 20)
and the temperature of the wafer W to be adjusted.

Examples of the refrigerant include, for example, Galden
(registered trademark).

[0017] The etching apparatus 10 is provided with a gas
supply line 28. The gas supply line 28 supplies a heat
transfer gas from a heat transfer gas supply mechanism, for
example, He gas, between the upper surface of the

electrostatic chuck 20 and the rear surface of the wafer W.
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[0018] The etching apparatus 10 further includes an
upper electrode 30. The upper electrode 30 is provided
above the stage 16. The upper electrode 30 is supported on
the upper portion of the chamber 12 through a member 32.
The upper electrode 30 can include an electrode plate 34
and a support body 36. The lower surface of the electrode
plate 34 faces the chamber 12. The electrode plate 34 is
provided with a plurality of gas discharge holes 34a. The
electrode plate 34 can be formed of a material such as
silicon or silicon oxide.

[0019] The support body 36 detachably supports the
electrode plate 34 and is formed of a conductive material
such as aluminum. A gas diffusion chamber 36a is provided
inside the support body 36. From the gas diffusion chamber
36a, a plurality of gas flow holes 36b communicating with
the gas discharge holes 34a extends downward. The support
body 36 is formed with a gas introduction port 36c¢c for
introducing gas into the gas diffusion chamber 36a. A gas
supply pipe 38 is connected to the gas introduction port
36c.

[0020] A gas source group 40 is connected to the gas
supply pipe 38 through a valve group 42 and a flow volume
controller group 44. The gas source group 40 includes a
plurality of gas sources. The plurality of gas sources
includes at least a gas source of the first processing gas
and a gas source of the second processing gas. The first
processing gas is a gas physically adsorbed on the film to
be etched on the wafer W. The second processing gas is a
gas used for etching the film to be etched. The plurality
of gas sources may include gas sources other than the first
processing gas and the second processing gas.

[0021] The valve group 42 includes a plurality of

valves, and the flow volume controller group 44 includes a
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plurality of flow volume controllers such as mass flow
controllers or pressure-controlled flow volume controllers.
Each of the plurality of gas sources of the gas source
group 40 is connected to the gas supply pipe 38 via a
corresponding valve of the valve group 42 and a
corresponding flow volume controller of the flow volume
controller group 44.

[0022] A baffle member 48 is provided between the
support portion 15 and the side wall of the chamber 12.

The baffle member 48 is, for example, a plate-like member
and can be formed by coating the surface of an aluminum
base material with ceramics such as Y203. The baffle
member 48 is formed with a plurality of holes penetrating
the baffle member 48. Below the baffle member 48, an
exhaust device 50 is connected to the bottom of the chamber
12 via an exhaust pipe 52. The exhaust device 50 has a
pressure controller, such as a pressure regulating wvalve,
and a vacuum pump, such as a turbomolecular pump, and can
depressurize the chamber 12 to a desired pressure.

[0023] The etching apparatus 10 further includes a first
high-frequency power source 62 and a second high-frequency
power source 64. The first high-frequency power source 62
is a power source for generating first high-frequency power
(high-frequency electric energy) for generating plasma.

The first high-frequency power has a frequency in the range
of, for example, 27 to 100 MHz. The first high-frequency
power source 62 is connected to the upper electrode 30 via
a matching unit 63. The matching unit 63 has a circuit for
matching the output impedance of the first high-frequency
power source 62 with the impedance on the load side (upper
electrode 30 side). The first high-frequency power source
62 may be connected to the lower electrode 18 via the

matching unit 63.
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[0024] The second high-frequency power source 64 is a
power source for generating second high-frequency power
(high-frequency electric energy) for drawing ions into the
wafer W. The second high-frequency power has a frequency
in the range of, for example, 400 kHz to 13.56 MHz. The
second high-frequency power source 64 is connected to the
lower electrode 18 via a matching unit 65. The matching
unit 65 has a circuit for matching the output impedance of
the second high-frequency power source 64 with the
impedance on the load side (lower electrode 18 side).
[0025] The operation of the etching apparatus 10 is
integrally controlled by a control unit 70. The control
unit 70 is provided with a process controller 71 including
a CPU (Central Processing Unit) and controlling each part
of the etching apparatus, a user interface 72, and a
storage 73.

[0026] The user interface 72 is constituted of a
keyboard on which a process manager inputs a command to
control the etching apparatus, and a display for
visualizing and displaying the operation state of the
etching apparatus, for example.

[0027] The storage 73 stores a control program
(software) for realizing various processes executed by the
etching apparatus under the control of the process
controller 71 and a recipe storing processing condition
data and other data. Recipes such as control programs and
processing condition data may be stored in a computer-
readable computer recording medium (e.g., a hard disk, a
CD, a flexible disk and a semiconductor memory). Recipes
such as control programs and processing condition data may
be transmitted from other devices at any time, for example,
via a dedicated line.

[0028] The control unit 70 controls the operation of the
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entire apparatus by the process controller 71 operating
based on the control program and the processing condition
data stored in the storage 73.

[0029] [Etching Method]

An example of the flow of etching the wafer W by the
etching apparatus 10 will then be described. The etching
apparatus 10 first performs a physical adsorption process.
In other words, the etching apparatus 10 physically adsorbs
the adsorbate based on the first processing gas on the film
to be etched under the condition that the pressure of the
first processing gas is smaller than the saturated vapor
pressure of the first processing gas with respect to the
temperature of the wafer W while cooling the wafer W on
which a film to be etched is formed. The etching apparatus
10 then performs an etching process. In other words, the
etching apparatus 10 etches the film to be etched by
reacting the adsorbate with the film to be etched by the
plasma of the second processing gas. The film to be etched
is, for example, a silicon-containing film. Examples of
the silicon-containing film include an Si02 film. The
first processing gas is, for example, a CF-based gas.
Examples of the CF-based gas include C4F8. The second
processing gas 1is, for example, a rare gas. Examples of
the rare gas include Ar. The physical adsorption process
and the etching process may be repeated for a plurality of
cycles. A replacement process of replacing the first
processing gas with a third processing gas may be performed
between the physical adsorption process and the etching
process. The third processing gas may be identical to, for
example, the second processing gas.

[0030] In the Quasi-ALE method, which is one of the
techniques for etching a film to be etched, when a polymer

layer based on a processing gas 1is deposited on the film to
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be etched, the deposition amount of the polymer layer
deposited on the film to be etched tends to increase
linearly with the lapse of time. When the deposition
amount of the polymer layer deposited on the film to be
etched increases linearly with the lapse of time, it is
difficult to control the thickness of the polymer layer in
atomic layer units. Thus, the Quasi-ALE method has a
problem that it is difficult to control the etching amount
of the film to be etched by reacting with the polymer layer
to a desired amount.

[0031] Therefore, the etching apparatus 10 physically
adsorbs the adsorbate based on the first processing gas on
the film to be etched under the condition that the pressure
of the first processing gas is smaller than the saturated
vapor pressure of the first processing gas with respect to
the temperature of the wafer W while cooling the wafer W on
which the film to be etched is formed. Physically
adsorbing the adsorbate on the film to be etched under the
condition that the pressure of the first processing gas is
smaller than the saturated vapor pressure while cooling the
wafer W allows the adsorption amount of the adsorbate to be
saturated to a constant value with the lapse of time, so
that the thickness of the adsorbate can be controlled with
high accuracy in atomic layer units. Thus, the etching
amount of the film to be etched by reacting with the
adsorbate can be appropriately controlled to a desired
amount.

[0032] FIG. 2 is a diagram illustrating an example of a
vapor pressure curve of the first processing gas according
to the embodiment. FIG. 2 illustrates a vapor pressure
curve of C4F8 as the first process gas. The saturated
vapor pressure of C4F8 increases with increasing

temperature. Therefore, as the temperature of the wafer W
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increases, the adsorbate based on C4F8 is hardly physically
adsorbed on the film to be etched. Thus, there is an upper
limit on the temperature of the wafer W that causes a
sufficient amount of physical adsorption to contribute to
etching, and the etching apparatus 10 cools the wafer W to
a temperature lower than the upper limit. When C4F8 is
used as the first processing gas, the etching apparatus 10
of the present embodiment cools the wafer W to a
temperature of, for example, -115°C or lower.

[0033] When the pressure of C4F8 is smaller than the
saturated vapor pressure with respect to the temperature of
the wafer W, the adsorption amount of the adsorbate
physically adsorbed on the film to be etched is saturated
to a constant value with the lapse of time. This
phenomenon is called adsorption equilibrium. The etching
apparatus 10 of the present embodiment physically adsorbs
the adsorbate based on C4F8 on the film to be etched under
the condition that the pressure of C4F8 is smaller than the
saturated vapor pressure of C4F8 with respect to the
temperature of the wafer W while cooling the wafer W. For
example, the etching apparatus 10 physically adsorbs the
adsorbate based on C4F8 on the film to be etched under the
condition that the pressure of C4F8 is smaller than the
saturated vapor pressure of C4F8 with respect to the
temperature of the wafer W, while cooling the wafer W to a
temperature of -115°C or lower. FIG. 2 illustrates that
the range of the pressure of C4F8 set when the temperature
of the wafer W is -115°C or lower is in the shaded area.
Physically adsorbing the adsorbate on the film to be etched
under the condition that the pressure of C4F8 is smaller
than the saturated vapor pressure while cooling the wafer W
allows the adsorption amount of the adsorbate to be

saturated to a constant value with the lapse of time, so
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that the thickness of the adsorbate can be controlled with
high accuracy in atomic layer units. Thus, the etching
amount of the film to be etched by reacting with the
adsorbate can be appropriately controlled to a desired
amount.

[0034] A specific example of the flow of etching the
wafer W will then be described with reference to FIG. 3.
FIG. 3 is a diagram illustrating an example of temporal
changes in the film thickness of the wafer W according to
the embodiment. A graph on the upper side in FIG. 3
illustrates the temporal changes in the film thickness of
the wafer W when the physical adsorption process, the
adjustment process, and the etching process are
sequentially repeated for eight cycles. On the lower side
in FIG. 3, a portion corresponding to the seventh cycle of
the upper graph in FIG. 3 is illustrated in an enlarged
form. An SiO2 film is formed on the wafer W as the film to
be etched.

[0035] The etching apparatus 10 circulates a refrigerant
to cool the wafer W to -120°C. The etching apparatus 10
then supplies C4F8 from the gas source group 40 into the
chamber 12 under the condition that the pressure of C4F8 1is
smaller than the saturated vapor pressure of C4F8 with
respect to the temperature of the wafer W to physically
adsorb the adsorbate on the film to be etched, while
cooling the wafer W. 1In such a case, the etching apparatus
10 does not generate plasma in the chamber 12. FIG. 3
illustrates a period Tl during which the physical
adsorption process of the seventh cycle is performed. 1In
the wafer W, the adsorption amount of the adsorbate
physically adsorbed on the film to be etched is saturated
to a constant value with the lapse of time, and the film

thickness of the wafer W is saturated to a constant value.
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In other words, the physical adsorption process is
continued for a predetermined time (e.g., for the period
T1l) until the adsorption amount of the adsorbate is
saturated. The etching apparatus 10 may adjust the
temperature of the wall of the chamber 12 to a value higher
than the temperature of the wafer W when physically
adsorbing the adsorbate on the film to be etched. The
adjustment of the temperature of the wall of the chamber 12
is performed by using a heating means such as a heater.
Adjusting the temperature of the wall of the chamber 12 to
a value higher than the temperature of the wafer W allows
the adsorption amount of the adsorbate physically adsorbed
on the wall of the chamber 12 to be reduced.

[0036] The etching apparatus 10 physically adsorbs the
adsorbate based on C4F8 on the film to be etched, and then
supplies Ar from the gas source group 40 into the chamber
12 to replace C4F8 with Ar. FIG. 3 illustrates a period T2
during which the replacement process of the seventh cycle
is performed. When C4F8 is replaced with Ar, the partial
pressure of C4F8 decreases, and a part of the adsorbate
physically adsorbed on the film to be etched is
volatilized. As a part of the adsorbate physically
adsorbed on the film to be etched is volatilized, the
adsorption amount of the adsorbate decreases in the wafer W
and the thickness of the wafer W decreases. However, the
other part of the adsorbate remains as a residue on the
film to be etched without being volatilized. Thus, the
thickness of the adsorbate is adjusted to a predetermined
thickness.

[0037] The etching apparatus 10 replaces C4F8 with Ar,
then supplies Ar from the gas source group 40 into the
chamber 12, and applies the first high-frequency power from

the first high-frequency power source 62 to the upper
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electrode 30 to generate a plasma of Ar in the chamber 12
for etching. In such a case, the etching apparatus 10 may
apply the second high-frequency power from the second high-
frequency power source 64 to the lower electrode 18. FIG.
3 illustrates a period T3 during which the etching process
of the seventh cycle is performed. The generation of a
plasma of Ar accelerates the collision of Ar ions with the
adsorbate on the film to be etched, and causes the reaction
of the adsorbate with the film to be etched. By the
reaction of the adsorbate with the film to be etched, the
film to be etched is etched according to the thickness of
the adsorbate in the wafer W, and thus the thickness of the
film to be etched decreases with the lapse of time, and the
thickness of the wafer W decreases. When the reaction of
the adsorbate with the film to be etched is completed, the
reduction of the thickness of the film to be etched is
stopped. In other words, the etching process is continued
until the reaction of the adsorbate with the film to be
etched is completed.

[0038] As described above, the etching apparatus 10 can
saturate the adsorption amount of the adsorbate to a
constant value by physically adsorbing the adsorbate on the
film to be etched under the condition that the pressure of
C4F8 is smaller than the saturated vapor pressure of C4F8
with respect to the temperature of the wafer W while
cooling the wafer W. Thus, the etching apparatus 10 can
control the thickness of the adsorbate with high accuracy
in atomic layer units, and consequently can appropriately
control the etching amount of the film to be etched by
reacting with the adsorbate to a desired amount.

[0039] In the etching apparatus 10, even when the
adsorbate is physically adsorbed on the film to be etched,
all the adsorbates may be volatilized before etching the
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film to be etched is performed. For example, in the
etching apparatus 10, if the temperature of the wafer W is
relatively high (e.g., temperature above -115°C), all the
adsorbates based on C4F8 physically adsorbed on the Si02
film may be volatilized before etching is performed. If
all the adsorbates are volatilized before etching is
performed, the reaction of the adsorbates with the film to
be etched is not realized, so that etching of the film to
be etched is not realized.

[0040] FIG. 4 is a graph illustrating the result of
measuring temporal changes in the thickness of the
adsorbate on the Si02 film by an ellipsometer when the
temperature of the wafer W is -110°C. FIG. 5 is a graph
illustrating the result of measuring temporal changes in
the intensity of a gas component near the Si02 film by QMS
(Quadrupole Mass Spectrometer) when the temperature of the
wafer W is -110°C. FIGS. 4 and 5 are the results of
measuring the thickness of the adsorbate on the Si0O2 film
and the intensity of the gas component near the Si02 film
by changing the pressure of C4F8 supplied into the chamber
12. FIGS. 4 and 5 graphically illustrate, for each
pressure of C4F8, the temporal changes in the thickness of
the adsorbate on the Si02 film and the temporal changes in
the intensity of the gas component near the Si0O2 film.
[0041] The graph in FIG. 4 illustrates that, when the
temperature of the wafer W is -110°C, the adsorbate based
on C4F8 is physically adsorbed on the Si0O2 film by C4F8
being supplied into the chamber 12. The graph in FIG. 5
illustrates that, when the temperature of the wafer W is -
110°C, all the adsorbates physically adsorbed once on the
Si02 film are rapidly volatilized as gas components after
the exhaust of C4F8 is started.

[0042] FIG. 6 is a graph illustrating the result of
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measuring temporal changes in the thickness of the
adsorbate on the Si02 film by an ellipsometer when the
temperature of the wafer W is -115°C. FIG. 7 is a graph
illustrating the result of measuring temporal changes in
the intensity of the gas component near the Si0O2 film by
QOMS when the temperature of the wafer W is -115°C. FIGS.
and 7 are the results of measuring the thickness of the
adsorbate on the Si02 film and the intensity of the gas
component near the Si02 film by changing the pressure of
C4F8 supplied into the chamber 12. FIGS. 6 and 7
graphically illustrate, for each pressure of C4F8, the
temporal changes in the thickness of the adsorbate on the
Si02 film and the temporal changes in the intensity of the
gas component near the Si02 film.

[0043] The graph in FIG. 6 illustrates that, when the
temperature of the wafer W is -115°C, the adsorbate based
on C4F8 is physically adsorbed on the Si02 film by C4F8
being supplied into the chamber 12. The graph in FIG. 7
illustrates that, when the temperature of the wafer W is -
115°C, the adsorbates once physically adsorbed on the Si02
film are slowly volatilized as gas components after the
exhaust of C4F8 is started. FIGS. 4, 5, 6, and 7
illustrate that, when the temperature of the wafer W is -
115°C, it is possible to increase the time in which the
adsorbate once physically adsorbed on the Si02 film remains
on the Si02 film in comparison with the case where the
temperature of the wafer W is -110°C.

[0044] FIG. 8 is a graph illustrating the result of
measuring temporal changes in the thickness of the
adsorbate on the Si0O2 film by an ellipsometer when the
temperature of the wafer W is -120°C. FIG. 9 is a graph
illustrating the result of measuring temporal changes in

the intensity of the gas component near the Si0O2 film by
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QOMS when the temperature of the wafer W is -120°C. FIGS. 8
and 9 are the results of measuring the thickness of the
adsorbate on the Si02 film and the intensity of the gas
component near the Si02 film by changing the pressure of
C4F8 supplied into the chamber 12. FIGS. 8 and 9
graphically illustrate, for each pressure of C4F8, the
temporal changes in the thickness of the adsorbate on the
S102 film and the temporal changes in the intensity of the
gas component near the Si0O2 film.

[0045] The graph in FIG. 8 illustrates that, when the
temperature of the wafer W is -120°C, the adsorbate based
on C4F8 is physically adsorbed on the Si0O2 film by C4F8
being supplied into the chamber 12. The graph in FIG. 9
illustrates that, when the temperature of the wafer W is -
120°C, the adsorbates once physically adsorbed on the Si02
film are slowly volatilized as gas components after the
exhaust of C4F8 is started. FIGS. 6, 7, 8, and 9
illustrate that, when the temperature of the wafer W is -
120°C, it is possible to increase the time in which the
adsorbate once physically adsorbed on the Si0O2 film remains
on the Si02 film in comparison with the case where the
temperature of the wafer W is -115°C.

[0046] Therefore, the etching apparatus 10 of the
present embodiment physically adsorbs the adsorbate on the
film to be etched while cooling the wafer W to a
temperature of -115°C or lower. Thus, a situation in which
all the adsorbates are volatilized can be avoided before
etching is performed, so that etching of the film to be
etched can be stably achieved.

[0047] However, even when the wafer W is cooled to a
temperature of -115°C or lower, if the pressure of the
first processing gas C4F8 is sufficiently lower than the

saturated vapor pressure of C4F8 with respect to the



10

15

20

25

30

18

temperature of the wafer W, the adsorbate based on C4F8 is
easily volatilized. For example, when the pressure of C4F8
is less than 0.5 Pa, the adsorbate based on C4F8 is easily
volatilized. Therefore, the etching apparatus 10 of the
present embodiment physically adsorbs the adsorbate on the
film to be etched under the condition that the pressure of
the first processing gas is a predetermined lower limit
value or more according to the type of the first processing
gas and is smaller than the saturated vapor pressure of the
first processing gas. For example, when the first
processing gas is C4F8, a predetermined lower limit wvalue
according to the type of the first processing gas is, for
example, 0.5 Pa. The volatilization of the adsorbate can
be suppressed by setting the pressure of the first
processing gas to a predetermined lower limit value or more
according to the type of the first processing gas.

[0048] The flow of the etching method according to the
present embodiment will then be briefly described. FIG. 10
is a flowchart illustrating an example of the flow of the
etching method according to the embodiment.

[0049] The etching apparatus 10 circulates a refrigerant
between the flow channel 18f and the chiller unit to cool
the stage 16 and the wafer W to -115°C or lower (step S11).
[0050] The etching apparatus 10 supplies C4F8 from the
gas source group 40 into the chamber 12 under the condition
that the pressure of C4F8 is smaller than the saturated
vapor pressure of C4F8 with respect to the temperature of
the wafer W to physically adsorb the adsorbate on the film
to be etched, while cooling the wafer W (step S12). Step
S12 is an example of the physical adsorption process. CA4F8
in step S12 is an example of the first processing gas.
[0051] The etching apparatus 10 supplies Ar from the gas
source group 40 into the chamber 12 to replace C4F8 with Ar
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(step S13). When C4F8 is replaced with Ar, the partial
pressure of C4F8 decreases, and a part of the adsorbate
physically adsorbed on the film to be etched is
volatilized. The other part of the adsorbate remains as a
residue on the film to be etched without being volatilized.
Thus, the thickness of the adsorbate is adjusted to a
predetermined thickness. Step S13 is an example of the
replacement process. Ar in step S13 is an example of the
third processing gas.

[0052] The etching apparatus 10 applies a first high-
frequency power from the first high-frequency power source
62 to the upper electrode 30 to generate a plasma of Ar in
the chamber 12 and etches the film to be etched, while
supplying Ar from the gas source group 40 into the chamber
12 (step S14). Step S14 is an example of an etching
process. Ar in step S14 is an example of the second
processing gas.

[0053] The etching apparatus 10 determines whether or
not steps S12 to S14 are repeated for a plurality of cycles
(step S15). If steps S12 to S14 are not repeated for a
plurality of cycles (step S15 No), the etching apparatus 10
proceeds to step S12. Thus, the physical adsorption
process, the replacement process, and the etching process
are repeated for a plurality of cycles.

[0054] On the other hand, if steps S12 to S14 are
executed for a plurality of cycles (step S15 Yes), the
etching apparatus 10 terminates the etching method.

[0055] As described above, the etching method according
to the present embodiment includes a physical adsorption
process and an etching process. The physical adsorption
process physically adsorbs the adsorbate based on the first
processing gas on the film to be etched under the condition

that the pressure of the first processing gas is smaller
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than the saturated vapor pressure of the first processing
gas with respect to the temperature of the object to be
processed while cooling the object to be processed on which
the film to be etched is formed. The etching process
etches the film to be etched by reacting the adsorbate with
the film to be etched by the plasma of the second
processing gas. Thus, the thickness of the adsorbate can
be controlled with high accuracy in atomic layer units, and
consequently the etching amount of the film to be etched by
reacting with the adsorbate can be appropriately controlled
to a desired amount. Thus, the uniformity of the etching
amount in the plane of the object to be processed is
improved, and the variation of the etching amount for each
object to be processed can be suppressed.

[0056] In the etching method according to the present
embodiment, the physical adsorption process adjusts the
temperature of the wall of the chamber in which the object
to be processed is disposed to a value higher than the
temperature of the object to be processed, when physically
adsorbing the adsorbate on the film to be etched. Thus,
the adsorption amount of the adsorbate physically adsorbed
on the wall of the chamber can be reduced.

[0057] In the etching method according to the present
embodiment, the physical adsorption process is continued
until the adsorption amount of the adsorbate is saturated.
Thus, the thickness of the adsorbate can be controlled to a
desired thickness.

[0058] In the etching method according to the present
embodiment, the physical adsorption process and the etching
process are repeated for a plurality of cycles. Thus, the
etching amount in each repeated cycle can be controlled to
a desired amount.

[0059] The etching method according to the present
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embodiment further includes a replacement process of
replacing the first processing gas with the third
processing gas. Thus, the occurrence of etching failure
due to the influence of the residual gas can be suppressed.
[0060] In the etching method according to the present
embodiment, the third processing gas is identical to the
second processing gas. Thus, the occurrence of etching
failure caused by the switching of the processing gas can
be suppressed.

[0061] In the etching method according to the present
embodiment, the etching process is continued until the
reaction of the adsorbate with the film to be etched is
completed. Thus, self-controlled etching can be realized.
[0062] In the etching method according to the present
embodiment, the first processing gas includes a CF-based
gas. Thus, the etching amount of the film to be etched by
reacting with the adsorbate based on the CF-based gas can
be appropriately controlled to a desired amount.

[0063] In the etching method according to the present
embodiment, the physical adsorption process physically
adsorbs the adsorbate on the film to be etched while
cooling the object to be processed to a temperature of -
115°C or lower. Thus, a situation in which all the
adsorbates are volatilized can be avoided before etching is
performed, so that etching of the film to be etched can be
stably achieved.

[0064] In the etching method according to the present
embodiment, the physical adsorption process physically
adsorbs the adsorbate on the film to be etched under the
condition that the pressure of the first processing gas is
a predetermined lower limit value or more according to the
type of the first processing gas and is smaller than the

saturated vapor pressure of the first processing gas.
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Thus, the volatilization of the adsorbate can be
suppressed.

[0065] In the etching method according to the present
embodiment, the first processing gas is C4F8, and the
pressure of the first processing gas is 0.5 Pa or more.
Thus, the volatilization of the adsorbate based on C4F8 can
be suppressed.

[0066] In the etching method according to the present
embodiment, the second processing gas includes a rare gas.
Thus, the adsorbate can be reacted with the film to be
etched by the plasma of the rare gas.

[0067] [Others]

The techniques disclosed herein are not limited to the
embodiments described above, but may be modified in a
number of ways within the spirit and scope of the
invention.

[0068] For example, in the embodiments described above,
the physical adsorption process is performed in one step,
but may be performed in two steps. For example, the
physical adsorption process may include a first process and
a second process. The first process physically adsorbs the
adsorbate under the condition that the pressure of the
first processing gas is higher than the pressure of
saturating the adsorption amount of the adsorbate. The
second process physically adsorbs the adsorbate under the
condition that the pressure of the first processing gas is
a pressure of saturating the adsorption amount of the
adsorbate. Thus, the time required for the adsorption
amount of the adsorbate to be saturated to a constant value
can be shortened.

[0069] In the embodiment described above, when the
physical adsorption process and the etching process are

repeated, the pressure of the first processing gas and the
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temperature of the object to be processed (wafer W) are not
changed, but the disclosed technique is not limited
thereto. For example, at least one of the pressure of the
first processing gas and the temperature of the object to
be processed may be changed each time the physical
adsorption process and the etching process are repeated.
Thus, the etching amount can be changed with the progress
of etching.
[0070] The embodiment described above illustrates an
example that the replacement process of replacing the first
processing gas with the third processing gas is performed
between the physical adsorption process and the etching
process, but the disclosed technique is not limited
thereto. For example, an exhaust process of exhausting the
first processing gas may be included between the physical
adsorption process and the etching process.
[0071] In the embodiment described above, the exhaust
process of exhausting the second processing gas after the
etching process may be included. In the embodiment
described above, the replacement process of replacing the
second processing gas with the fourth processing gas after
the etching process may be included.
[0072] Note that the embodiments disclosed herein are
illustrative in all respects and should not be considered
restrictive. The embodiment described above can indeed be
embodied in a variety of forms. The above embodiment may
be omitted, replaced, or modified in various forms without
departing from the scope and spirit of the appended claims.
Reference Signs List
[0073] 10 ETCHING APPARATUS

12 CHAMBER

16 STAGE

18 LOWER ELECTRODE
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18f FLOW CHANNEL

20
30
40
50
62
64
70

ELECTROSTATIC CHUCK

UPPER ELECTRODE

GAS SOURCE GROUP

EXHAUST DEVICE

FIRST HIGH-FREQUENCY POWER SOURCE
SECOND HIGH-FREQUENCY POWER SOURCE
CONTROL UNIT
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CLATIMS
1. An etching method comprising:

a physical adsorption process of physically adsorbing
an adsorbate based on a first processing gas on a film to
be etched under a condition that a pressure of the first
processing gas is smaller than a saturated vapor pressure
of the first processing gas with respect to a temperature
of an object to be processed while cooling the object to be
processed on which the film to be etched is formed; and

an etching process of etching the film to be etched by
reacting the adsorbate with the film to be etched by a

plasma of a second processing gas.

2. The etching method according to claim 1, wherein the
physical adsorption process adjusts a temperature of a wall
of a chamber in which the object to be processed is
disposed to a value higher than a temperature of the object
to be processed, when physically adsorbing the adsorbate on

the film to be etched.

3. The etching method according to claim 1 or 2, wherein
the physical adsorption process is continued until an

adsorption amount of the adsorbate is saturated.

4. The etching method according to claim 1, wherein

the physical adsorption process includes:

a first process of physically adsorbing the adsorbate
under a condition that a pressure of the first processing
gas 1is higher than a pressure of saturating an adsorption
amount of the adsorbate; and

a second process of physically adsorbing the adsorbate
under a condition that the pressure of the first processing

gas is the pressure of saturating the adsorption amount of
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the adsorbate.

5. The etching method according to claim 1, wherein the
physical adsorption process and the etching process are

repeated for a plurality of cycles.

6. The etching method according to claim 5, wherein each
time the physical adsorption process and the etching
process are repeated, at least one of a pressure of the
first processing gas and a temperature of the object to be

processed is changed in the physical adsorption process.

7. The etching method according to claim 1, further
comprising an exhaust process of exhausting the first
processing gas between the physical adsorption process and

the etching process.

8. The etching method according to claim 1, further
comprising a replacement process of replacing the first
processing gas with a third processing gas between the

physical adsorption process and the etching process.

9. The etching method according to claim 8, wherein the
third processing gas is identical to the second processing

gas.

10. The etching method according to claim 1, wherein the
etching process is continued until a reaction of the

adsorbate with the film to be etched is completed.

11. The etching method according to claim 1, further
comprising an exhaust process of exhausting the second

processing gas after the etching process.
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12. The etching method according to claim 1, further
comprising a replacement process of replacing the second
processing gas with a fourth processing gas after the

etching process.

13. The etching method according to claim 1, wherein the

first processing gas includes a CF-based gas.

14. The etching method according to claim 1, wherein the
physical adsorption process physically adsorbs the
adsorbate on the film to be etched while cooling the object

to be processed to a temperature of -115°C or lower.

15. The etching method according to claim 1, wherein the
physical adsorption process physically adsorbs the
adsorbate on the film to be etched under a condition that a
pressure of the first processing gas is a predetermined
lower limit value or more according to a type of the first
processing gas and is smaller than the saturated vapor

pressure of the first processing gas.

16. The etching method according to claim 15, wherein
the first processing gas is C4F8, and
a pressure of the first processing gas is 0.5 Pa or

more.

17. The etching method according to claim 1, wherein the

second processing gas includes a rare gas.

18. An etching apparatus comprising:
a chamber in which an object to be processed is

disposed;
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an exhaust unit for reducing a pressure in the
chamber;

a gas supply unit for supplying a processing gas into
the chamber; and

a control unit configured to execute a physical
adsorption process of physically adsorbing an adsorbate
based on a first processing gas on a film to be etched
under a condition that a pressure of the first processing
gas is smaller than a saturated vapor pressure of the first
processing gas with respect to a temperature of the object
to be processed while cooling the object to be processed on
which the film to be etched is formed, and an etching
process of etching the film to be etched by reacting the
adsorbate with the film to be etched by a plasma of a

second processing gas.





