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SPECIFICATION

Title of Invention: UPPER ELECTRODE STRUCTURE, AND PLASMA
PROCESSING DEVICE

Technical Field
[0001]
Exemplary embodiments of the present disclosure relate to an upper

electrode structure and a plasma processing apparatus.

Background
[0002]

Patent Document 1 discloses an electrostatic chuck that attracts an
electrode plate on an upper electrode of a plasma processing apparatus. The
electrostatic chuck is disposed between an electrode plate and a gas plate. An
upper surface of the electrostatic chuck is a contact surface to be in contact with a
bottom surface of the gas plate, and the electrostatic chuck is fixed to the bottom
surface of the gas plate by an adhesive or the like. The bottom surface of the
electrostatic chuck is an attracting surface that attracts the upper surface of the

electrode plate.

Prior Art Documents
Patent Documents
[0003]
Patent Document 1: Japanese Laid-open Patent Publication No. 2020-

115419
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Summary
Problems to Be Resolved by the Invention
[0004]
The present disclosure provides a technique capable of efficiently cooling

an electrode plate.

Means for Solving the Problems
[0005]

In accordance with an exemplary embodiment, there is provided a plasma
processing apparatus. The plasma processing apparatus comprises a plasma
processing chamber, a substrate support, an upper electrode structure and a
power supply. The substrate support is disposed in the plasma processing
chamber and includes a lower electrode. The upper electrode structure is
disposed above the substrate support. The upper electrode structure includes a
cooling plate, an electrode plate, and an electrostatic attracting film. The cooling
plate has a coolant channel. The electrode plate is disposed below the cooling
plate. The electrostatic attracting film is formed on a bottom surface of the cooling
plate and configured to electrostatically attract the electrode plate. The
electrostatic attracting film has a dielectric portion and at least one conductor
portion disposed in the dielectric portion. The power supply is electrically

connected to the at least one conductor portion.

Effect of the Invention
[0006]
According to one exemplary embodiment, the electrode plate can be

efficiently cooled.
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Brief Description of the Drawings
[0007]

FIG. 1 schematically shows a plasma processing apparatus according to
one exemplary embodiment.

FIG. 2 is a cross-sectional view of an upper electrode according to one
exemplary embodiment.

FIG. 3 is a cross-sectional view specifically showing an upper electrode
according to one exemplary embodiment.

FIG. 4 shows a bottom surface of a cooling plate according to one
exemplary embodiment.

FIG. 5 shows an electrode of a cooling plate according to one exemplary
embodiment.

FIG. 6 schematically shows a plasma processing apparatus according to

another exemplary embodiment.

Detailed Description
[0008]

Hereinafter, various exemplary embodiments will be described.
[0009]

In one exemplary embodiment, an upper electrode structure of a plasma
processing apparatus is provided. The upper electrode structure includes an
electrode plate and a cooling plate. The electrode plate has gas injection holes
penetrating therethrough in a thickness direction. The cooling plate holds the
electrode plate. The cooling plate has a cooling plate main body and an
electrostatic attracting portion. The cooling plate main body has a channel therein

through which a coolant flows, and a gas channel for supplying a processing gas
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to the gas injection holes is formed to extend in the thickness direction. The
electrostatic attracting portion is integrally formed in direct contact with the cooling
plate main body, and is interposed between the electrode plate and the cooling
plate main body.

[0010]

In the upper electrode structure, the electrostatic attracting portion for
attracting the electrode plate is integrally formed in direct contact with the cooling
plate main body. Therefore, the heat of the electrode plate is effectively
conducted to the cooling plate compared to when the electrostatic attracting porting
is fixed to the cooling plate main body by an adhesive or the like. Therefore, the
upper electrode structure can efficiently cool the electrode plate.

[0011]

In one exemplary embodiment, the electrostatic attracting portion may
include a conductive member disposed in a dielectric member formed by thermal
spraying. In this case, the electrostatic attracting portion is integrally formed in
direct contact with the cooling plate.

[0012]

In one exemplary embodiment, the electrostatic attracting portion may have
a plurality of protrusions to be in contact with the upper surface of the electrode
plate. In this case, a space is formed between the electrostatic attracting portion
and the upper surface of the electrode plate. Therefore, in the upper electrode
structure, the electrode plate can be more effectively cooled by introducing a gas
into the space formed between the electrostatic attracting portion and the electrode
plate, for example.

[0013]

In one exemplary embodiment, the electrostatic attracting portion may have
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an annular protrusion surrounding all the plurality of protrusions. In this case, for
example, even if the gas introduced into the space formed between the
electrostatic attracting portion and the electrode plate attempts to move away from
the plurality of protrusions, it is blocked by the annular protrusion and remains in
the space formed between the electrostatic attracting portion and the upper
electrode. Therefore, the upper electrode structure can more effectively cool the
electrode plate.

[0014]

In one exemplary embodiment, the conductor member may be divided into
a plurality of parts when viewed in the thickness direction. In this case, the
electrostatic attracting portion can control the attractive force for each divided
conductor member. The conductor member may be divided concentrically. In
this case, the electrostatic attracting portion can achieve uniform attractive force in
the in-plane direction with respect to the center of the concentric circles. The
electrostatic attracting portion may have a plurality of regions corresponding to the
plurality of divided conductor members, and the density of the protrusions may be
different in the plurality of regions. In this case, the electrostatic attracting portion
can have different cooling efficiencies for each region corresponding to each
divided conductor member.

[0015]

In one exemplary embodiment, the gas channel may be formed at a
position that does not overlap the gas injection holes when viewed in the thickness
direction. When radicals or the like move linearly from a chamber toward the gas
channel, the radicals collide with the electrostatic attracting portion, thereby
avoiding direct inflow of the radicals into the gas channel. Therefore, the upper

electrode structure can suppress abnormal discharge caused by plasma.
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[0016]

In one exemplary embodiment, the conductor member may be at least one
of alumina and aluminum nitride.
[0017]

In one exemplary embodiment, the cooling plate main body may have
therein a gas diffusion space and a coolant channel. In this case, the cooling plate
can cool the upper electrode using a coolant. In one exemplary embodiment, the
coolant channel may be disposed such that the distance to the bottom surface of
the cooling plate main body is shorter than the distance to the upper surface of the
cooling plate main body. In this case, the coolant channel is disposed near the
electrode plate, so that the cooling plate can effectively cool the electrode plate.
In one exemplary embodiment, a heater may be disposed at a periphery of the
cooling plate main body. In this case, the temperature of the cooling plate can be
controlled by heating the heater. In one exemplary embodiment, the upper
electrode structure may include a support member for supporting the electrode
plate. A locking portion of the support member with the electrode plate may be
configured to be rotatable downward.

[0018]

In another exemplary embodiment, a plasma processing apparatus is
provided. The plasma processing apparatus includes a chamber, a substrate
support, and an upper electrode structure. The substrate support is configured to
support the substrate in the chamber. The upper electrode structure constitutes
an upper part of the chamber. The upper electrode structure includes an
electrode plate and a cooling plate. The electrode plate has gas injection holes
penetrating therethrough in the thickness direction. The cooling plate holds the

electrode plate. The cooling plate has a cooling plate main body and an
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electrostatic attracting portion. The cooling plate main body has a channel therein
through which a coolant flows, and a gas channel for supplying a processing gas
to the gas injection holes is formed to extend in the thickness direction. The
electrostatic attracting portion is integrally formed in direct contact with the cooling
plate main body, and is interposed between the electrode plate and the cooling
plate main body.

[0019]

In the upper electrode structure, the electrostatic attracting portion for
attracting the electrode plate is integrally formed in direct contact with the cooling
plate main body. Therefore, the heat of the electrode plate is effectively
conducted to the cooling plate compared to when the electrostatic attracting portion
is fixed to the cooling plate main body by an adhesive or the like. Therefore, the
upper electrode structure can efficiently cool the electrode plate.

[0020]

(Outline of plasma processing apparatus)

FIG. 1 schematically shows a plasma processing apparatus according to
one exemplary embodiment. A plasma processing apparatus 10 shown in FIG. 1
is a capacitively coupled plasma etching apparatus. The plasma processing
apparatus 10 includes a chamber main body 12 (an example of a plasma
processing chamber). The chamber main body 12 has a substantially cylindrical
shape, and has an inner space 12s. The chamber main body 12 is made of
aluminum, for example. The inner wall surface of the chamber main body 12 is
processed to have plasma resistance. For example, the inner wall surface of the
chamber main body 12 is anodically oxidized. The chamber main body 12 is
electrically grounded.

[0021]
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A passage 12p is formed in the sidewall of the chamber main body 12. An
object to be processed passes through the passage 12p when it is loaded into and
unloaded from the inner space 12s. The passage 12p can be opened and closed
by a gate valve 12g.

[0022]

A support 13 is disposed on a bottom portion of the chamber main body 12.
The support 13 is made of an insulating material. The support 13 has a
substantially cylindrical shape. The support 13 extends vertically from the bottom
portion of the chamber main body 12 in the inner space 12s. The support 13
supports a stage 14 (an example of a substrate support). The stage 14 is
disposed in the inner space 12s.

[0023]

The stage 14 has a lower electrode 18 and an electrostatic chuck 20. The
stage 14 may further include an electrode plate 16. The electrode plate 16 is
made of a conductive material such as aluminum, and has a substantially disc
shape. The lower electrode 18 is disposed on the electrode plate 16. The lower
electrode 18 is made of a conductive material such as aluminum, and has a
substantially disc shape. The lower electrode 18 is electrically connected to the
electrode plate 16.

[0024]

The electrostatic chuck 20 is disposed on the lower electrode 18. The
object to be processed is placed on the upper surface of the electrostatic chuck 20.
The electrostatic chuck 20 has a main body made of a dielectric material. A film-
shaped electrode is disposed in the main body of the electrostatic chuck 20. The
electrode of the electrostatic chuck 20 is connected to a power supply 22 via a

switch. The power supply 22 may be a DC power supply or an AC power supply.
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When a voltage from the power supply 22 is applied to the electrode of the
electrostatic chuck 20, the electrostatic attractive force is generated between the
electrostatic chuck 20 and the object to be processed. Due to the electrostatic
attractive force thus generated, the object to be processed is attracted to and held
by the electrostatic chuck 20.

[0025]

An edge ring ER is disposed on the stage 14 to surround the edge of the
object to be processed. The edge ring ER is provided to improve the in-plane
uniformity of etching. The edge ring ER may be made of silicon, silicon carbide,
quartz, or the like.

[0026]

A channel 18f is disposed in the lower electrode 18. A coolant is supplied
to the channel 18f from a chiller unit 26 disposed outside the chamber main body
12 through a line 26a. The coolant supplied to the channel 18f is returned to the
chiller unit 26 through a line 26b. In the plasma processing apparatus 10, the
temperature of the object to be processed placed on the electrostatic chuck 20 is
adjusted by heat exchange between the coolant and the lower electrode 18.
[0027]

The plasma processing apparatus 10 is provided with a gas supply line 28.
The gas supply line 28 supplies a heat transfer gas, such as He gas, from a heat
transfer gas supply mechanism to the gap between the top surface of the
electrostatic chuck 20 and the backside of the object to be processed.

[0028]

The plasma processing apparatus 10 further includes an upper electrode

30 (an example of an upper electrode structure). The upper electrode 30 is

disposed above the stage 14. The upper electrode 30 includes an electrode plate
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34. The bottom surface of the electrode plate 34 faces the inner space 12s, and
defines the inner space 12s. The electrode plate 34 may be made of a low
electrical resistance conductor or semiconductor that generates little Joule heat.
The electrode plate 34 is made of silicon, for example. A plurality of gas injection
holes 34a are formed in the electrode plate 34. The plurality of gas injection holes
34a penetrate through the electrode plate 34 in a thickness direction thereof.
[0029]

A cooling plate 37 for holding the electrode plate 34 is disposed above the
electrode plate 34. The cooling plate 37 includes a cooling plate main body 37A.
The cooling plate main body 37A may be made of a conductive material such as
aluminum. The cooling plate 37 has an electrostatic chuck 35 (an example of an
electrostatic attracting film) on the bottom surface of the cooling plate main body
37A. The configuration of the electrostatic chuck 35 will be described later. Due
to the attractive force of the electrostatic chuck 35, the electrode plate 34 is brought
into close contact with the cooling plate main body 37A. The electrode plate 34
is supported at the upper part of the chamber main body 12 by the attractive force
of the electrostatic chuck 35. A member 32 and a locking portion 39 (an example
of a support member) are support members for supporting the electrode plate 34
from the bottom and preventing the electrode plate 34 from falling. The member
32 and the locking portion 39 are made of, e.g., an insulating material. The
locking portion 39 may be configured to be rotatable downward.

[0030]

A channel 37c¢ (an example of a coolant channel) is disposed in the cooling
plate main body 37A. A coolant is supplied to the channel 37c from a chiller unit
(not shown) disposed outside the chamber main body 12. The coolant supplied

to the channel 37c is returned to the chiller unit. Accordingly, the temperature of
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the cooling plate main body 37A is adjusted. In the plasma processing apparatus
10, the temperature of the electrode plate 34 is adjusted by heat exchange with the
cooling plate main body 37A.

[0031]

A plurality of gas inlet paths 37a (an example of a first gas channel) are
disposed in the cooling plate main body 37A to extend downward. A plurality of
gas diffusion spaces 37b are disposed between the upper surface of the electrode
plate 34 and the bottom surface of the cooling plate main body 37A to correspond
to the plurality of gas inlet paths 37a. A plurality of gas supply channels 37e (an
example of second gas channels) are disposed to extend in the thickness direction
from the gas diffusion space 37b toward the electrode plate 34. The gas supply
channel 37e supplies a processing gas to the plurality of gas injection holes 34a of
the electrode plate 34. A plurality of gas inlet ports 37d are formed in the cooling
plate main body 37A to introduce a processing gas into the plurality of gas diffusion
spaces 37b. A gas supply line 38 is connected to the gas inlet ports 37d.

[0032]

A gas supply part GS is connected to the gas supply line 38. In one
embodiment, the gas supply part GS includes a gas source group 40, a valve group
42, and a flow rate controller group 44. The gas source group 40 is connected to
the gas supply line 38 via the flow rate controller group 44 and the valve group 42.
The gas source group 40 includes a plurality of gas sources. The plurality of gas
sources includes a plurality of sources of gases forming the processing gas used
in amethod MT. The valve group 42 includes a plurality of opening/closing valves.
The flow rate controller group 44 includes a plurality of flow rate controllers. Each
of the plurality of flow rate controllers is a mass flow controller or a pressure-

controlled flow rate controller. The plurality of gas sources in the gas source
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group 40 are connected to the gas supply line 38 via corresponding valves in the
valve group 42 and corresponding flow rate controllers in the flow rate controller
group 44.

[0033]

In the plasma processing apparatus 10, a shield 46 is detachably disposed
along the inner wall of the chamber main body 12. The shield 46 is also disposed
on an outer periphery of the support 13. The shield 46 prevents etching by-
products from being adhered to the chamber main body 12. The shield 46 is
formed by coating a member made of aluminum with ceramic such as Y20s3, for
example.

[0034]

A baffle plate 48 is disposed between the support 13 and the sidewall of
the chamber main body 12. The baffle plate 48 is formed by coating a member
made of aluminum with ceramic such as Y20s, for example. A plurality of through-
holes are formed in the baffle plate 48. An exhaust port 12e is disposed below
the baffle plate 48 and at the bottom portion of the chamber main body 12. An
exhaust device 50 is connected to the exhaust port 12e through an exhaust line 52.
The exhaust device 50 includes a pressure control valve and a vacuum pump such
as a turbo molecular pump.

[0035]

The plasma processing apparatus 10 further includes a first radio frequency
(RF) power supply 62 and a second RF power supply 64. The first RF power
supply 62 generates a first high frequency power (RF power) for plasma generation.
The frequency of the first RF power is, e.g., within a range of 27 MHz to 100 MHz.
The first RF power supply 62 is connected to the lower electrode 18 via a matching

device 66 and the electrode plate 16. The matching device 66 has a circuit for



10

15

20

25

13

matching the output impedance of the first RF power supply 62 and the input
impedance on the load side (the lower electrode 18 side). The first RF power
supply 62 may be connected to the upper electrode 30 via the matching device 66.
[0036]

The second RF power supply 64 generates a second high frequency power
(another RF power) for attracting ions into the object to be processed. The
frequency of the second RF power is lower than the frequency of the first RF power.
The frequency of the second RF power is, e.g., within a range of 400 kHz to 13.56
MHz. The second RF power supply 64 is connected to the lower electrode 18 via
a matching device 68 and the electrode plate 16. The matching device 68 has a
circuit for matching the output impedance of the second RF power supply 64 and
the input impedance on the load side (the lower electrode 18 side).

[0037]

The plasma processing apparatus 10 may further include a DC power
supply part 70 (an example of a DC power supply). The DC power supply part 70
is connected to the upper electrode 30. The DC power supply part 70 can
generate a negative DC voltage and apply the DC voltage to the upper electrode
30.

[0038]

The plasma processing apparatus 10 may further include a controller Cnt.
The controller Cnt may be a computer including a processor, a storage part, an
input device, a display device, or the like. The controller Cnt controls individual
components of the plasma processing apparatus 10. In the controller Cnt, an
operator can input commands to manage the plasma processing apparatus 10
using the input device. Further, in the controller Cnt, the operating status of the

plasma processing apparatus 10 can be visualized and displayed using the display
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device. Further, the storage part of the controller Cnt stores control programs and
recipe data for controlling various processes executed by the plasma processing
apparatus 10 by the processor. The processor of the controller Cnt executes the
control program and controls the individual components of the plasma processing
apparatus 10 based on the recipe data, so that a method to be described later is
executed in the plasma processing apparatus 10.

[0039]

(Outline of upper electrode structure)

FIG. 2 is a cross-sectional view of an upper electrode according to one
exemplary embodiment. As shown in FIG. 2, the upper electrode 30 has a
structure in which the electrode plate 34 and the cooling plate 37 are stacked in
that order from the bottom. The electrostatic chuck 35 is integrally formed on the
bottom surface of the cooling plate main body 37A to be in direct contact with the
cooling plate main body 37A. For example, the electrostatic chuck 35 is formed
on the cooling plate 37 by thermal spraying. The bottom surface of the
electrostatic chuck 35 serves as an attracting surface that attracts the upper
surface of the electrode plate 34. As described above, the electrostatic chuck 35
is interposed between the electrode plate 34 and the cooling plate 37.

[0040]

FIG. 3 is a cross-sectional view specifically showing the upper electrode
according to one exemplary embodiment. As shown in FIG. 3, the electrostatic
chuck 35 has a main body 35a (an example of a dielectric portion) made of a
dielectric material. The dielectric is at least one of alumina (Al203) and aluminum
nitride (AIN). At least one electrode 35b (an example of a conductive portion) is
disposed in the main body 35a. In other words, the electrostatic chuck 35 has the

electrode 35b in the main body 35a formed by thermal spraying. The electrode
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35b is electrically connected to a power supply 35p. The power supply 35p may
be a DC power supply or an AC power supply. When a voltage from the power
supply 35p is applied to the electrode 35b of the electrostatic chuck 35, the
electrostatic attractive force is generated between the electrostatic chuck 35 and
the electrode plate 34. Due to the electrostatic attractive force thus generated,
the electrode plate 34 is attracted to and held by the electrostatic chuck 35.
[0041]

The electrostatic chuck 35 has, at positions corresponding to the gas
supply channels 37e of the cooling plate 37, through-holes penetrating
therethrough in the thickness direction. Accordingly, the processing gas in the
gas diffusion space 37b passes through the gas supply channels 37e, and is
supplied to the upper surface of the electrode plate 34 through the through-holes
of the electrostatic chuck 35.

[0042]

A plurality of protrusions 35c (an example of dot-shaped protrusions) are
formed on the bottom surface (attracting surface) of the electrostatic chuck 35.
Therefore, not the entire surface of the electrostatic chuck 35 is in close contact
with the electrode plate 34, but only the tip surfaces of the plurality of protrusions
35c¢ are in contact with the upper surface of the electrode plate 34. The plurality
of protrusions 35c form a dot pattern, for example. Further, an annular protrusion
35d surrounding all the plurality of protrusions 35¢c may be disposed at the
outermost periphery of the plurality of protrusions 35c.

[0043]

The above-described through-holes are formed between the plurality of

protrusions 35c of the electrostatic chuck 35. In other words, the gas supply

channels 37e are provided at positions that do not overlap the plurality of
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protrusions 35c when viewed in the thickness direction of the cooling plate main
body 37A. Further, the gas supply channels 37e are formed at positions that do
not overlap the gas injection holes 34a of the electrode plate 34 when viewed in
the thickness direction of the cooling plate main body 37A. In other words, a first
axis AX1 of the gas supply channel 37e and a second axis AX2 of the gas injection
hole 34a are offset from each other. Accordingly, the processing gas supplied
from the gas supply channels 37e is once collected between the plurality of
protrusions 35c of the electrostatic chuck 35, and then injected from the gas
injection holes 34a. Due to the offset structure, it is possible to physically prevent
radicals or gases in the inner space 12s from moving from the gas injection holes
34a to the gas supply channels 37e of the cooling plate 37. Hence, the offset
structure can suppress occurrence of abnormal discharge in the gas supply
channels 37e of the cooling plate 37.

[0044]

The electrode 35b may be concentrically divided into a plurality of parts
when viewed in the thickness direction of the cooling plate main body 37A. For
example, the electrode 35b includes a center electrode disposed at the center and
outer edge electrodes disposed to surround the center electrode. The power
supply is connected to each of the center electrode and the outer edge electrodes.
Accordingly, different attractive forces are exerted in the center region and the
outer edge region, and different temperature control operations are performed in
the center region and the outer edge region. Further, the electrostatic chuck 35
may have a plurality of regions corresponding to the plurality of divided electrodes
35b. Further, the density of the plurality of protrusions 35¢c may be different for
each region.

[0045]
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FIG. 4 shows a bottom surface of a cooling plate according to one
exemplary embodiment. FIG. 5 shows an electrode of a cooling plate according
to one exemplary embodiment. As shown in FIG. 4, the electrostatic chuck 35
having the plurality of protrusions 35c is formed on the bottom surface of the
cooling plate main body 37A. As shown in FIG. 5, the polarity of the voltage
supplied to the center electrode 352b corresponding to a center region Z1 (an
example of the first region) may be different from the polarity of the voltage supplied
to the outer edge electrode 351b corresponding to an outer edge region Z2 (an
example of the second region). In this case, the electrostatic chuck 35 attracts
the electrode plate 34 in a bipolar manner. In the case of the bipolar method, a
potential difference may exist between the center electrode 352b and the outer
edge electrode 351b. The polarity of the voltage supplied to the center electrode
352b corresponding to the center region Z1 may be the same as the polarity of the
voltage supplied to the outer edge electrode 351b corresponding to the outer edge
region Z2. In this case, the electrostatic chuck 35 attracts the electrode plate 34
in @ monopolar manner.

[0046]

(Method for separating electrode plate)

In the case of separating the electrode plate 34, the applied voltage of the
power supply connected to the electrostatic chuck 35 is set to 0V, and the
processing gas is outputted from the gas supply part GS. Accordingly, the
electrode plate 34 is pressed in a direction away from the electrostatic chuck 35 by
the pressure of the processing gas, so that the electrode plate 34 can be easily
separated.

[0047]

(Summary of exemplary embodiments)
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In the upper electrode 30, the electrostatic chuck 35 for attracting the
electrode plate 34 is integrally formed in direct contact with the cooling plate main
body 37A by thermal spraying. Therefore, the heat of the electrode plate 34 is
effectively conducted to the cooling plate main body 37A compared to when the
electrostatic chuck 35 is fixed to the cooling plate main body 37A by an adhesive
or the like. Hence, the upper electrode 30 can effectively cool the electrode plate
34.

[0048]

In the upper electrode 30, the electrostatic chuck 35 has the plurality of
protrusions 35c to be in contact with the upper surface of the electrode plate 34,
so that a space is formed between the electrostatic chuck 35 and the upper surface
of the electrode plate 34. The processing gas flows through the space formed
between the electrostatic chuck 35 and the electrode plate 34, so that the electrode
plate 34 can be cooled more effectively.

[0049]

Since the plurality of protrusions 35c of the electrostatic chuck 35 form a
dot pattern, the processing gas is uniformly diffused to the entire upper surface of
the electrode plate 34. Therefore, the upper electrode 30 can cool the entire
electrode plate 34 uniformly.

[0050]

In the upper electrode 30, the gas supply channels 37e of the cooling plate
37 are formed at positions that do not overlap the gas injection holes 34a when
viewed in the thickness direction. When radicals or the like move linearly from the
chamber toward the gas supply channels 37e, the radicals collide with the
electrostatic chuck 35. Therefore, the direct inflow of the radicals into the gas

supply channels 37e can be avoided. Hence, the upper electrode 30 can
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suppress abnormal discharge caused by plasma.
[0051]

(Other exemplary embodiments)

FIG. 6 schematically showing a plasma processing apparatus according to
another exemplary embodiment. The plasma processing apparatus 10 shown in
FIG. 6 is the same as the plasma processing apparatus 10 shown in FIG. 1 except
the arrangement of the channel 27C and the presence of heaters 60 and 61.
Hereinafter, the differences will be mainly described, and redundant description will
be omitted.

[0052]

As shown in FIG. 6, the channel 37c is disposed at a position lower than
the gas diffusion space 37b. The channel 37c is disposed such that the distance
to the bottom surface of the cooling plate main body 37A is shorter than the
distance to the top surface of the cooling plate main body 37A. Accordingly, the
channel 37c is disposed near the electrode plate 34, so that the cooling effect can
be enhanced.

[0053]

The heater 60 is disposed on the upper surface of the cooling plate main
body 37A. An example of the heater 60 is a seat heater. The heater 61 is
disposed at the peripheral portion of the cooling plate main body 37A. An
example of the heater 61 is a ceramic heater. By providing the heaters 60 and
61, the in-plane temperature uniformity of the electrode plate 34 can be improved.
[0054]

While various exemplary embodiments have been described above, the
present disclosure is not limited to the above-described embodiments, and various

additions, omissions, substitutions and changes may be made. Further, other
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embodiments can be implemented by combining elements in different
embodiments.
[0055]

For example, the plasma processing apparatus 10 is a capacitively coupled
plasma processing apparatus. However, a plasma processing apparatus
according to another embodiment may be a different type of plasma processing
apparatus. Such plasma processing apparatus may be any type of plasma
processing apparatus. Such a plasma processing apparatus may be an
inductively coupled plasma processing apparatus, or a plasma processing
apparatus for generating plasma using surface waves such as microwaves.
[0056]

Although an example of the plasma processing apparatus 10 in which two
RF power supplies are connected to the lower electrode 18 and the DC power
supply part 70 is connected to the upper electrode 30 has been described, the
present disclosure is not limited thereto. For example, the plasma processing
apparatus 10 may not include the upper electrode 30. For example, in the plasma
processing apparatus 10, the RF power supply may be connected to the lower
electrode 18 and the upper electrode 30. Further, the plasma processing
apparatus 10 shown in FIG. 1 may include the heaters 60 and 61 shown in FIG. 6.
[0057]

From the above description, it will be appreciated that various embodiments
of the present disclosure have been described herein for purposes of illustration,
and that various changes may be made without departing from the scope and spirit
of the present disclosure. Therefore, the various embodiments disclosed herein
are not intended to be limiting, with a true scope and spirit being indicated by the

following claims.
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Description of Reference Numerals

[0058]
10: plasma processing apparatus, 30: upper electrode, 34: electrode plate,
34a: gas injection hole, 35: electrostatic chuck (example of electrostatic attracting

film), 37: cooling plate, 37A: cooling plate main body
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CLAIMS

[Claim 1]
A plasma processing apparatus comprising:
a plasma processing chamber;
a substrate support disposed in the plasma processing chamber and
including a lower electrode;
an upper electrode structure disposed above the substrate support,
wherein the upper electrode structure includes:
a cooling plate having a coolant channel;
an electrode plate disposed below the cooling plate; and
an electrostatic attracting film formed on a bottom surface of the
cooling plate and configured to electrostatically attract the electrode plate,
the electrostatic attracting film having a dielectric portion and at least one
conductor portion disposed in the dielectric portion; and

a power supply electrically connected to the at least one conductor portion.

[Claim 2]
The plasma processing apparatus of claim 1, wherein the electrostatic

attracting film is a thermal sprayed film.

[Claim 3]
The plasma processing apparatus of claim 1, wherein the electrostatic
attracting film has a plurality of dot-shaped protrusions to be in contact with an

upper surface of the electrode plate.
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[Claim 4]
The plasma processing apparatus of claim 3, wherein the electrostatic
attracting film has an annular protrusion to be in contact with the upper surface of

the electrode plate and surrounding the plurality of dot-shaped protrusions.

[Claim 5]
The plasma processing apparatus of claim 4, wherein the at least one

conductor portion includes a plurality of conductor portions.

[Claim 6]
The plasma processing apparatus of claim 5, wherein the plurality of

conductor portions have an annular shape and are arranged concentrically.

[Claim 7]

The plasma processing apparatus of claim 6, wherein the plurality of dot-
shaped protrusions include:

a plurality of first dot-shaped protrusions arranged in a first region
overlapping a first conductor portion among the plurality of conductor portions in
plan view; and

a plurality of second dot-shaped protrusions arranged in a second region
overlapping a second conductor portion among the plurality of conductor portions
in plan view,

wherein a density of the plurality of second dot-shaped protrusions in the
second region is different from a density of the plurality of first dot-shaped

protrusions in the first region.
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[Claim 8]

The plasma processing apparatus of any one of claims 1 to 7, wherein the
cooling plate includes a gas diffusion space, a first gas channel extending from an
upper surface of the cooling plate to the gas diffusion space, and a plurality of
second gas channels extending from the gas diffusion space to the bottom surface
of the cooling plate,

the electrode plate has a plurality of gas injection holes communicating with
the plurality of second gas channels, and

the plurality of second gas channels are formed at positions that do not

overlap the plurality of gas injection holes in plan view.

[Claim 9]
The plasma processing apparatus of claim 1, wherein the dielectric portion

is made of at least one of alumina and aluminum nitride.

[Claim 10]
The plasma processing apparatus of claim 8, wherein the gas diffusion

space is formed at a position lower than the coolant channel.

[Claim 11]
The plasma processing apparatus of claim 8, wherein the gas diffusion

space is formed at a position higher than the coolant channel.

[Claim 12]
The plasma processing apparatus of claim 1, further comprising:

a heater disposed at a peripheral portion of the cooling plate.
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[Claim 13]
The plasma processing apparatus of claim 1, further comprising:

a support member configured to support the electrode plate.

[Claim 14]

An upper electrode structure used in a plasma processing device,
comprising:

a cooling plate having a coolant channel;

an electrode plate disposed below the cooling plate; and

an electrostatic attracting film formed on a bottom surface of the cooling
plate and configured to electrostatically attract the electrode plate, the electrostatic
attracting film having a dielectric portion and at least one conductor portion

disposed in the dielectric portion.



