SUBSTRATE PROCESSING APPARATUS AND SUBSTRATE
PROCESSING METHOD USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims priority to Korean Patent Applications No.
10-2022-0116698 filed on 15 September 2022 and No. 10-2023-0022954 filed on 21
February 2023 in the Korean Intellectual Property Office, the disclosures of which are

hereby incorporated by reference in their entirety.

TECHNICAL FIELD
[0002] Embodiments of the present inventive concept relate to a substrate
processing apparatus and a substrate processing method using the same, and more
particularly, to a substrate processing apparatus in which components are sorted by
grade and used for their proper process and a substrate processing method using the

same.

BACKGROUND
[0003] A semiconductor device may be fabricated by using various processes.
For example, a semiconductor device may be manufactured by allowing a silicon
wafer to undergo a photolithography process, an etching process, a deposition process,
and so forth. Various fluids may be used in such processes. For example, plasma may
be used in an etching process and/or a deposition process. A focus ring may be used

to control the plasma.

SUMMARY

[0004] Some embodiments of the present inventive concept provide a substrate
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processing apparatus that can uniformly control plasma in an edge region and a
substrate processing method using the same.

[0005] Some embodiments of the present inventive concept provide a substrate
processing apparatus configured to use its components suitable for each process and a
substrate processing method using the same.

[0006] Some embodiments of the present inventive concept provide a substrate
processing apparatus that can increase a yield and a substrate processing method using
the same.

[0007] Objects of the present inventive concept are not limited to those
mentioned above.

[0008] According to some embodiments of the present inventive concept, a
substrate processing method includes classifying a kind of substrate treatment process
in which a focus ring is used, classifying a plurality of focus rings, selecting, from the
classified plurality of focus rings, a specific focus ring suitable for a certain substrate
treatment process corresponding to the classified kind of substrate treatment process,
and performing the certain substrate treatment process using the selected specific
focus ring. The operation of classifying the plurality of focus rings includes classifying
the plurality of focus rings into two or more grades.

[0009] According to some embodiments of the present inventive concept, a
substrate processing method includes classifying a component according to grade, the
component being used for a substrate processing apparatus, classifying a substrate
treatment process, selecting a component having a grade suitable for the classified
substrate treatment process, placing the selected component into the substrate
processing apparatus, loading a substrate into the substrate processing apparatus, and
performing a process on the substrate. The operation of classifying the component

according to grade includes classifying the grade of the component based on a grain
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size.

[0010] According to some embodiments of the present inventive concept, a
substrate processing apparatus includes a process chamber that provides a process
space, a chuck disposed in the process space and that supports a substrate, and a focus
ring disposed on the chuck. A grain size of the focus ring is equal to or less than about

14.23 um. An electrical resistivity of the focus ring is equal to or less than about 1 Q.

BRIEF DESCRIPTION OF DRAWINGS
[0011] The above and other features of the present inventive concept will become
more apparent by describing in detail embodiments thereof with reference to the
accompanying drawings.
[0012] FIG. 1 illustrates a cross-sectional view showing a substrate processing

apparatus according to some embodiments of the present inventive concept.

[0013] FIG. 2 illustrates an enlarged cross-sectional view showing section X of
FIG. 1.
[0014] FIG. 3 illustrates a perspective view showing a focus ring according to

some embodiments of the present inventive concept.

[0015] FIG. 4 illustrates a perspective view showing a showerhead according to
some embodiments of the present inventive concept.

[0016] FIG. 5 illustrates a flowchart showing a substrate processing method
according to some embodiments of the present inventive concept.

[0017] FIGS. 6, 7, 8,9 and 10 illustrate cross-sectional views showing a substrate

processing method according to the flowchart of FIG. 5.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] Embodiments of the present inventive concept will be described more
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fully hereinafter with reference to the accompanying drawings. Like reference
numerals may refer to like elements throughout the accompanying drawings.

[0019] It will be understood that the terms “first,” “second,” “third,” etc. are used
herein to distinguish one element from another, and the elements are not limited by
these terms. Thus, a “first” element in an embodiment may be described as a “second”
element in another embodiment.

[0020] It should be understood that descriptions of features or aspects within each
embodiment should typically be considered as available for other similar features or
aspects in other embodiments, unless the context clearly indicates otherwise.

[0021] As used herein, the singular forms “a”, “an” and “the” are intended to
include the plural forms as well, unless the context clearly indicates otherwise.
[0022] The term “about™ as used herein is inclusive of the stated value and means
within an acceptable range of deviation for the particular value as determined by one
of ordinary skill in the art, considering the measurement in question and the error
associated with measurement of the particular quantity (e.g., the limitations of the
measurement system). For example, “about” may mean within one or more standard
deviations as understood by one of the ordinary skill in the art.  Further, it is to be
understood that while parameters may be described herein as having “about” a certain
value, according to exemplary embodiments, the parameter may be exactly the certain
value or approximately the certain value within a measurement error as would be
understood by a person having ordinary skill in the art.  Other uses of these terms and
similar terms to describe the relationships between components should be interpreted
in a like fashion.

[0023] FIG. 1 illustrates a cross-sectional view showing a substrate processing
apparatus according to some embodiments of the present inventive concept.

[0024] In this description, symbol D1 may indicate a first direction, symbol D2
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may indicate a second direction that intersects the first direction D1, and symbol D3
may indicate a third direction that intersects each of the first direction D1 and the
second direction D2. The first direction D1 may be called a vertical direction. Each of
the second direction D2 and the third direction D3 may be called a horizontal direction.
[0025] Referring to FIG. 1, a substrate processing apparatus A may be provided.
The substrate processing apparatus A may be configured to allow a substrate to
undergo an etching process and/or a deposition process. The term “substrate” used in
this description may denote a silicon (Si) wafer, but the present inventive concept is
not limited thereto. The substrate processing apparatus A may use plasma to treat a
substrate. The substrate processing apparatus A may generate plasma in various ways.
For example, the substrate processing apparatus A may be a capacitively coupled
plasma (CCP) apparatus and/or an inductively coupled plasma (ICP) apparatus. For
convenience of explanation, the following will illustrate and discuss a CCP type
substrate processing apparatus. The substrate processing apparatus A may include a
process chamber 1, a stage 7, a showerhead 3, a direct-current (DC) power generator
2, a radio-frequency (RF) power generator 4, a vacuum pump VP, and a gas supply
device GS.

[0026] The process chamber 1 may provide a process space 1h. A substrate
treatment process may be performed in the process space 1h. The process space 1h
may be separated from an external space. During a substrate treatment process, the
process space 1h may be in a substantial vacuum state. The process chamber 1 may
have a cylindrical shape, but the present inventive concept is not limited thereto.
[0027] The stage 7 may be positioned in the process chamber 1. For example, the
stage 7 may be positioned in the process space 1h. The stage 7 may support and/or fix
a substrate. A substrate treatment process may be performed in a state where a

substrate is placed on the stage 7. The stage 7 will be described further below.
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[0028] The showerhead 3 may be positioned in the process chamber 1. For
example, the showerhead 3 may be positioned in the process space 1h. The
showerhead 3 may be upwardly spaced apart from the stage 7. For example, a portion
of the process space 1h may be disposed between the showerhead 3 and the stage 7 A
gas supplied from the gas supply device GS may be uniformly sprayed through the
showerhead 3 into the process space 1h. The showerhead 3 will be described in further
detail below.

[0029] The DC power generator 2 may apply a DC power to the stage 7. The DC
power applied from the DC power generator 2 may rigidly place a substrate in a certain
position on the stage 7.

[0030] The RF power generator 4 may supply RF power to the stage 7. It may
thus be possible to control plasma in the process space 1h. A detailed description
thereof will be described further below.

[0031] The vacuum pump VP may be connected to the process space 1h. The
vacuum pump VP may apply a vacuum pressure to the process space 1h during a
substrate treatment process.

[0032] The gas supply device GS may supply the process space 1h with gas. The
gas supply device GS may include, for example, a gas tank, a compressor, and a valve.
The plasma may be generated from a portion of gas supplied from the gas supply
device GS to the process space 1h.

[0033] FIG. 2 illustrates an enlarged cross-sectional view showing section X of
FIG. 1. FIG. 3 illustrates a perspective view showing a focus ring according to some
embodiments of the present inventive concept. FIG. 4 illustrates a perspective view
showing a showerhead according to some embodiments of the present inventive
concept.

[0034] Referring to FIG. 2, the substrate processing apparatus (see A of FIG. 1)
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may further include a focus ring FR and an edge ring ER. The stage 7 may include a
chuck 71 and a cooling plate 73.

[0035] A substrate may be disposed on the chuck 71. The chuck 71 may fix a
substrate in a certain position thereon. The chuck 71 may include a chuck body 711, a
plasma electrode 713, a chuck electrode 715, and a heater 717.

[0036] The chuck body 711 may have a cylindrical shape. The chuck body 711
may include a ceramic, but the present inventive concept is not limited thereto. A
substrate may be disposed on a top surface of the chuck body 711.

[0037] The plasma electrode 713 may be positioned in the chuck body 711. The
plasma electrode 713 may include aluminum (Al). The plasma electrode 713 may have
a disk shape, but the present inventive concept is not limited thereto. RF power may
be applied to the plasma electrode 713. For example, the RF power generator 4 may
apply RF power to the plasma electrode 713. The RF power applied to the plasma
electrode 713 may control plasma in the process space (see 1h of FIG. 1).

[0038] The chuck electrode 715 may be positioned in the chuck body 711. The
chuck electrode 715 may be positioned higher than the plasma electrode 713. DC
power may be applied to the chuck electrode 715. For example, the DC power
generator 2 may apply DC power to the chuck electrode 715. The DC power applied
to the chuck electrode 715 may rigidly place a substrate in a certain position on the
chuck body 711. The chuck electrode 715 may include aluminum (Al), but the present
inventive concept is not limited thereto.

[0039] The heater 717 may be positioned in the chuck body 711. The heater 717
may be positioned between the chuck electrode 715 and the plasma electrode 713. The
heater 717 may include a hot wire. For example, the heater 717 may include a
concentrically circular shaped hot wire. The heater 717 may radiate heat to the

surrounding environment. Therefore, the chuck body 711 may have an increased
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temperature.

[0040] The cooling plate 73 may be positioned below the chuck 71. For example,
the chuck 71 may be positioned on the cooling plate 73. The cooling plate 73 may
provide a cooling hole 73h. Cooling water may flow in the cooling hole 73h. The
cooling water in the cooling hole 73h may absorb heat from the cooling plate 73.
[0041] The edge ring ER may surround the chuck body 711.

[0042] Referring to FIGS. 2 and 3, the focus ring FR may be positioned on the
stage 7 and/or the edge ring ER. The focus ring FR may be detachable from the stage
7 and/or the edge ring ER. The focus ring FR may have a first axis AX1 that extends
in the first direction D1. The focus ring FR may have a ring shape about the first axis
AX1. The focus ring FR may include silicon carbide (SiC). The present inventive
concept, however, is not limited thereto, and the focus ring FR may include silicon (Si)
or any other suitable material.

[0043] Referring to FIG. 4, the showerhead 3 may include a head body 31. The
head body 31 may have a disk shape. The head body 31 may have a second axis AX2
that extends in the first direction D1 (e.g., extends lengthwise in the first direction D1).
The second axis AX2 may be identical to the first axis (see AX1 of FIG. 3), but the
present inventive concept is not limited thereto. The head body 31 may provide a gas
hole 31h. The gas hole 31h may penetrate in the first direction D1 through the head
body 31. The gas hole 31h may be provided in plural. The plurality of gas holes 31h
may be spaced apart from each other in a horizontal direction. For convenience of
explanation, a single gas hole 31h will be described below, and it is to be understood
that the description of the single gas hole 31h may apply to the plurality of gas holes.
The showerhead 3 may include silicon carbide (SiC). For example, the head body 31
may include silicon carbide (SiC). The present inventive concept, however, is not

limited thereto, and the showerhead 3 may include silicon (Si) or any other suitable
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material.

[0044] FIG. 5 illustrates a flowchart showing a substrate processing method
according to some embodiments of the present inventive concept.

[0045] Referring to FIG. 5, a substrate processing method S may be provided.
The substrate processing method S may be a method of treating a substrate by using
the substrate processing apparatus A discussed with reference to FIGS. 1 to 4. The
substrate processing method S may include classifying a substrate treatment process
according to kind (or type) (S1), classifying components according to grade (S2),
selecting a component suitable for the substrate treatment process (S3), placing the
selected component into a substrate processing apparatus (S4), loading a substrate into
the substrate processing apparatus (S5), and performing a process on the substrate (S6).
[0046] The process classification operation S1 may include classifying the
substrate treatment process into two or more grades. The substrate treatment process
may include, for example, an etching process. In the process classification operation
S1, an etching process may be classified into two or more grades according to a kind
(or type) of substrate. A substrate treatment process may be classified based on a
process difficulty. For example, a high aspect ratio contact (HARC) etching process
may be classified as a relatively high process difficulty. A high-difficulty process may
be implemented with a high-quality component.

[0047] The component classification operation S2 may include classifying a
component into two or more grades. A component may be a constituent used for a
substrate treatment process. A component may be, for example, the focus ring (see FR
of FIG. 2) and/or the showerhead (see 3 of FIG. 1). The present inventive concept,
however, is not limited thereto, and a component may indicate another constituent
used for a substrate treatment process.

[0048] A component may be classified based on various criteria. For example, a
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component may be classified based on a grain size, an electrical resistivity, and/or a
transmittance.

[0049] When a component is classified based on a grain size, a grade A may be
given (or assigned to a component whose grain size is equal to or less than a first grain
size. A grade B may be given (or assigned) to a component whose grain size is greater
than the first grain size and equal to or less than a second grain size. A grade C may
be given (or assigned) to a component whose grain size is greater than the second grain
size. The grade A may be ranked higher than the grade B. The grade B may be ranked
higher than the grade C. The first grain size may be smaller than the second grain size.
The third grain size may be larger than the second grain size. The first grain size may
be, for example, about 9.01 um. The second grain size may be, for example, about
11.42 pm. The third grain size may be, for example, about 14.23 pum. The present
inventive concept, however, is not limited to the values mentioned above. The grain
size may be measured in various ways. For example, a separate instrument may be
used to measure grain sizes of components.

[0050] When a component is classified based on an electrical resistivity, a
component whose resistivity is equal to or less than about 0.01 QQ may be classified as
the grade A. A component whose resistivity is greater than about 0.01 Q and less than
about 1 Q may be classified as the grade B. A component whose resistivity is greater
than about 1 QQ may be classified as the grade C.

[0051] When a component is classified based on a transmittance, a component
having a relatively lower transmittance may be classified as higher grade. The
transmittance may be measured in various ways. For example, a specific transmittance
meter may be used to measure transmittances of components.

[0052] As described herein, components may be classified based on for example,

a grain size, an electrical resistivity, and/or a transmittance. However, the present
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inventive concept is not limited thereto. For example, a component may be classified
based on other physical properties according to embodiments.

[0053] The component selection operation S3 may include matching a process
grade and a component grade with each other. For example, a specific component may
be selected which is suitable for a certain substrate treatment process. A component
with a high grade may be used for a high-difficulty process. For example, a component
classified as the grade A may be used for the HARC process.

[0054] A substrate processing method performed by using a specific component
suitable for a certain substrate treatment process will be described in detail below.
[0055] FIGS. 6 to 10 illustrate cross-sectional views showing a substrate
processing method according to the flowchart of FIG. 5.

[0056] Referring to FIGS. 5 and 6, the component placement operation S4 may
include allowing the stage 7 to receive thereon the focus ring FR specifically selected
as being suitable for a grade of a substrate treatment process. It is discussed with
reference to FIG. 6 that a component is the focus ring FR, but the present inventive
concept is not limited thereto. For example, the showerhead 3 may be selected through
the procedure described with reference to FIG. 5. The focus ring FR may be attached
onto the stage 7. Alternatively, according to embodiments, the focus ring FR may be
disposed on the stage 7 without using a separate adhesive means.

[0057] Referring to FIGS. 5, 7, and 8, the substrate loading operation S5 may
include placing the substrate W on the stage 7. The substrate W may include a silicon
(Si) wafer, but the present inventive concept is not limited thereto. The substrate W
may be fixed onto the chuck 71. For example, when a direct-current (DC) voltage is
applied to the chuck electrode 715, the substrate W may be fixed in a certain position
on the top surface of the chuck body 711.

[0058] Referring to FIGS. 5 and 9, the substrate process operation S6 may include
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supplying the process space 1h with a process gas G. The process gas G supplied from
the gas supply device GS may be distributed through the showerhead 3 onto the
substrate W.

[0059] Referring to FIGS. 5 and 10, the substrate process operation S6 may
include generating plasma PL. When radio-frequency (RF) power is applied from the
RF power generator 4 to the plasma electrode 713, an electric field may be created in
the process space 1h. The electric field created in the process space 1h may form the
plasma PL from a portion of the process gas G provided in the process space 1h. The
plasma PL may cause the substrate W to undergo a treatment process.

[0060] According to a substrate processing apparatus and a substrate processing
method using the same in accordance with some embodiments of the present inventive
concept, a component may be classified based on grade and used for a suitable
substrate treatment process. For example, a focus ring with a grade A and/or a
showerhead with a grade A may be used in a high-difficulty process such as a high
aspect ratio contact (HARC) process. Therefore, a high-difficulty process may
increase in yield.

[0061] According to a substrate processing apparatus and a substrate processing
method using the same in accordance with some embodiments of the present inventive
concept, a component with a grade B may be used in an ordinary process other than a
high-difficulty process. Therefore, acomponent with a grade A may be prevented from
being used in the ordinary process. Thus, it may be possible to reduce waste of
components.

[0062] According to a substrate processing apparatus and a substrate processing
method using the same in accordance with some embodiments of the present inventive
concept, a component with a grade C may not be used. Accordingly, it may be possible

to prevent a reduction in yield of a substrate due to low-quality components.
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[0063] According to a substrate processing apparatus and a substrate processing
method using the same in accordance with some embodiments of the present inventive
concept, plasma may be uniformly controlled on an edge region.

[0064] According to a substrate processing apparatus and a substrate processing
method using the same in accordance with some embodiments of the present inventive
concept, it may be possible to use a component suitable for each process.

[0065] According to a substrate processing apparatus and a substrate processing
method using the same in accordance with some embodiments of the present inventive
concept, it may be possible to increase a yield.

[0066] While the present inventive concept has been particularly shown and
described with reference to embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and detail may be made therein
without departing from the spirit and scope of the present inventive concept as defined

by the following.
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WHAT IS CLAIMED IS:

1. A substrate processing method, comprising:

classifying a kind of substrate treatment process in which a focus ring is used,;

classifying a plurality of focus rings;

selecting, from the classified plurality of focus rings, a specific focus ring
suitable for a certain substrate treatment process corresponding to the classified kind
of substrate treatment process; and

performing the certain substrate treatment process using the selected specific
focus ring,

wherein classifying the plurality of focus rings comprises classifying the

plurality of focus rings into two or more grades.

2. The substrate processing method of claim 1, wherein classifying the
plurality of focus rings into two or more grades comprises classifying the plurality of

focus rings based on a grain size of each of the plurality of focus rings.

3. The substrate processing method of claim 2, wherein classifying the
plurality of focus rings into two or more grades comprises:

assigning a grade A to a focus ring whose grain size is equal to or less than a
first grain size;

assigning a grade B to a focus ring whose grain size is greater than the first
grain size and equal to less than a second grain size; and

assigning a grade C to a focus ring whose grain size is greater than the second
grain size and equal to or less than a third grain size,

wherein the first grain size is smaller than the second grain size, and
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wherein the third grain size is larger than the second grain size.

4. The substrate processing method of claim 3, wherein
the first grain size is about 9.01 um,
the second grain size is about 11.42 pm, and

the third grain size is about 14.23 pm.

5. The substrate processing method of claim 3 or claim 4, wherein
the certain substrate treatment process is a high aspect ratio contact (HARC)
etching process, and

the specific focus ring is assigned as the grade A.

6. The substrate processing method of claim 1, wherein classifying the
plurality of focus rings into two or more grades comprises classifying the plurality of

focus rings based on an electrical resistivity of each of the plurality of focus rings.

7. The substrate processing method of claim 1, wherein classifying the
plurality of focus rings into two or more grades comprises classifying the plurality of

focus rings based on a transmittance of each of the plurality of focus rings.

8. The substrate processing method of any one of claims 1 to 7, wherein
performing the certain substrate treatment process comprises:

placing the selected specific focus ring into a substrate processing apparatus;

loading a substrate into the substrate processing apparatus; and

treating the substrate in the substrate processing apparatus.
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9. A substrate processing method, comprising:

classifying a component according to grade, the component being used for a
substrate processing apparatus;

classifying a substrate treatment process;

selecting a component having a grade suitable for the classified substrate
treatment process;

placing the selected component into the substrate processing apparatus;

loading a substrate into the substrate processing apparatus; and

performing a process on the substrate,

wherein classifying the component according to grade comprises classifying

the grade of the component based on a grain size.

10.  The substrate processing method of claim 9, wherein classifying the
component according to grade comprises:

assigning a grade A to a component whose grain size is equal to or less than
a first grain size; and

assigning a grade B to a component whose grain size is greater than the first

grain size.

11.  The substrate processing method of claim 10, wherein the first grain

size is about 9.01 pm.

12.  The substrate processing method of claim 10 or claim 11, wherein the
classified substrate treatment process is a high aspect ratio contact (HARC) etching

process.
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13.  The substrate processing method of claim 12, wherein a component

used for the HARC etching process is assigned as the grade A.

14.  The substrate processing method of any one of claims 9 to 13, wherein

the selected component is a focus ring.

15. A substrate processing apparatus, comprising:

a process chamber that provides a process space;

a chuck disposed in the process space and that supports a substrate; and

a focus ring disposed on the chuck,

wherein a grain size of the focus ring is equal to or less than about 14.23 pum,
and

wherein an electrical resistivity of the focus ring is equal to or less than about

1 Q.

16.  The substrate processing apparatus of claim 15, wherein
the grain size of the focus ring is equal to or less than about 11.42 um, and

the electrical resistivity of the focus ring is equal to or less than about 0.01 Q.

17.  The substrate processing apparatus of claim 16, wherein the grain size

of the focus ring is equal to or less than about 9.01 pm.

18.  The substrate processing apparatus of claim 17, wherein the substrate

processing apparatus performs a high aspect ratio contact (HARC) etching process.

19.  The substrate processing apparatus of any one of claims 15 to 18,
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further comprising:

a showerhead upwardly spaced apart from the chuck.

20.  The substrate processing apparatus of any one of claims 15 to 19,

wherein the focus ring comprises silicon carbide (SiC).
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