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(57) ABSTRACT

A process chamber door for closing or opening an entrance
of'a process chamber through which a substrate to be process
is loaded includes a seal plate including a front surface and
a rear surface opposite to each other in a first direction, a
connection block connected to the rear surface of the seal
plate and including a central portion and two side portions
connected to the rear surface of the seal plate, and a shaft
connected to the central portion of the connection block. The
connection block includes a first hinge groove and a second
hinge groove. The first hinge groove is exposed at a bottom
surface and a side surface of the connection block and the
second hinge groove is exposed at an upper surface and the
side surface of the connection block.
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FIG. 8
( START )
LOAD SUBSTRATE INTO PROCESSING CHAMBER ~ |—S110
MOVE VALVE STRUCTURE TO CLOSING POSITION | 5120
TO CLOSE OPENING OF PROCESSING CHAMBER
PERFORM SUBSTRATE PROCESSING PROCESS ~ |— S130
MOVE VALVE STRUCTURE TO OPENING POSITION ~ |— S140
TO OPEN OPENING OF PROCESSING CHAMBER
UNLOAD SUBSTRATE FROM PROCESSING CHAMBER |— S150

END
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VALVE STRUCTURE AND SUBSTRATE
PROCESSING APPARATUS INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 17/747,270 filed on May 18, 2022, which is
based on and claims priority under 35 U.S.C. § 119 to
Korean Patent Application No. 10-2021-0144013, filed on
Oct. 26, 2021, in the Korean Intellectual Property Office, the
disclosure of each of which is incorporated by reference
herein in its entirety.

BACKGROUND

[0002] The inventive concept relates to a valve structure
and a substrate processing apparatus including the same.
[0003] In general, a substrate processing apparatus may
include a processing chamber configured to process a sub-
strate, such as a semiconductor wafer, and a valve structure
configured to open or close an opening or passage of the
processing chamber into and from which the substrate is
loaded and unloaded. The valve structure may maintain a
vacuum level of the inside of the processing chamber at a
predetermined level by closing the opening of the processing
chamber.

SUMMARY

[0004] The inventive concept provides a valve structure
having improved reliability and a substrate processing appa-
ratus including the valve structure.

[0005] According to an aspect of the inventive concept, a
process chamber door for closing or opening an entrance of
a process chamber through which a substrate to be processed
is loaded includes a seal plate including a front surface and
a rear surface opposite to each other in a first direction, a
connection block connected to the rear surface of the seal
plate, the connection block including a central portion and
two side portions connected to the rear surface of the seal
plate, and a shaft connected to the central portion of the
connection block. The connection block further includes a
first hinge groove disposed at a bottom surface and a side
surface of each of the two side portions of the connection
block, the first hinge groove extending in a second direction
and a third direction in the connection block, the second
direction being perpendicular to the first direction, and the
third direction being perpendicular to the first direction and
the second direction, and a second hinge groove disposed at
an upper surface and the side surface of each of the two side
portions of the connection block. The second hinge groove
extends in the second direction and the third direction.
[0006] According to an aspect of the inventive concept, a
process chamber door for closing or opening an entrance of
a process chamber through which a substrate to be processed
is loaded includes a seal plate including a front surface and
a rear surface opposite to each other in a first direction, a
connection block connected to the rear surface of the seal
plate, the connection block including a central portion and
two side portions connected to the rear surface of the seal
plate, and a shaft connected to the central portion of the
connection block and moved by an actuator. The connection
block further includes a first hinge groove disposed at a
bottom surface and a side surface of each of the two side
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portions of the connection block, the first hinge groove
extending in a second direction and a third direction in the
connection block and the second direction being perpen-
dicular to the first direction and the third direction being
perpendicular to the first direction and the second direction,
a second hinge groove disposed at an upper surface and the
side surface of each of the two side portions of the connec-
tion block, the second hinge groove extending in the second
direction and the third direction in the connection block and
being spaced apart from the first hinge groove in the third
direction, a first front end portion and a first rear end portion
being spaced apart from each other with the first hinge
groove therebetween, and a second front end portion and a
second rear end portion being spaced apart from each other
with the second hinge groove therebetween. The first front
end portion of the connection block is fastened to the seal
plate by a first fastening bolt. The second front end portion
of the connection block is fastened to the seal plate by a
second fastening bolt.

[0007] According to an aspect of the inventive concept, a
substrate processing apparatus includes a processing cham-
ber including an entrance through which a substrate to be
processed is loaded, and a process chamber door that opens
or closes the entrance of the processing chamber. The
process chamber door includes a seal plate including a front
surface facing the processing chamber and a rear surface
opposite to the front surface in a first lateral direction, a
connection block connected to the rear surface of the seal
plate, the connection block including a central portion and
two side portions connected to the rear surface of the seal
plate, and a shaft connected to the central portion of the
connection block. The shaft is moved by an actuator in the
first lateral direction and a vertical direction. The connection
block further includes a first hinge groove disposed at a
bottom surface and a side surface of the connection block,
the first hinge groove extending in the vertical direction and
a second lateral direction in the connection block and the
second lateral direction being perpendicular to the first
lateral direction, and a second hinge structure disposed at an
upper surface and the side surface of the connection block.
The second hinge structure extends in the vertical direction
and the second lateral direction in the connection block.

[0008] According to an aspect of the inventive concept, a
method of fabricating a device includes loading a substrate
into a processing chamber through an entrance of the
processing chamber, closing the entrance of the processing
chamber by moving a process chamber door with a seal plate
and a flexure hinge to a closing position, performing a
processing process on the substrate, opening the entrance of
the processing chamber by moving the process chamber
door to an opening position, and unloading the substrate
from the processing chamber through the entrance of the
processing chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments of the inventive concept will be
more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings in which:

[0010] FIG. 1 is a perspective view of a valve structure
according to example embodiments;

[0011] FIG. 2 is an exploded perspective view of the valve
structure of FIG. 1;



US 2024/0213053 Al

[0012] FIG. 3 is a cross-sectional view taken along line
III-IIT' of FIG. 1,

[0013] FIG. 4 is a lateral view of a connection block of the
valve structure of FIG. 1;

[0014] FIGS. 5 to 7 are construction views of a substrate
processing apparatus including a valve structure, according
to example embodiments; and

[0015] FIG. 8 is a flowchart of a method of processing a
substrate, according to example embodiments.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0016] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings. The
same reference numerals are used to denote the same ele-
ments in the drawings, and repeated descriptions thereof will
be omitted.

[0017] FIG. 1 is a perspective view of a valve structure
100 according to example embodiments. FIG. 2 is an
exploded perspective view of the valve structure 100 of FIG.
1. FIG. 3 is a cross-sectional view taken along line III-I1I' of
FIG. 1. FIG. 4 is a lateral view of a connection block 130 of
the valve structure 100 of FIG. 1.

[0018] Referring to FIGS. 1 to 4, the valve structure 100
(i.e., a process chamber door) may include a seal plate 110,
a seal ring 120, a connection block 130, a shaft 140, and an
actuator 160.

[0019] The valve structure 100 may open or close an
opening (i.e., an entrance) (refer to 511 in FIG. 5) of a
processing chamber (refer to 510 in FIG. 5) into and from
which a substrate to be processed is loaded and unloaded.
The opening 511 of the processing chamber 510 may have
a slit shape so that a vertical height of the opening 511 (i.e.,
a length of the opening 511 in the vertical direction (e.g., Z
direction)) may be smaller than a lateral width of the
opening 511 (i.e., a length of the opening 511 in the second
lateral direction (e.g., Y direction)). For example, to open or
close the opening 511 of the processing chamber 510, the
valve structure 100 may move the seal plate 110 between an
opening position at which the opening 511 of the processing
chamber 510 is opened and the closing position at which the
opening 511 of the processing chamber 510 is closed.
[0020] The seal plate 110 may have a front surface 119F
and a rear surface 119B, which are opposite to each other
and have a substantially plate shape. The front surface 119F
of the seal plate 110 may be a surface facing a wall surface
of the processing chamber 510 having the opening 511 and
may include a planar surface. Hereinafter, a first lateral
direction (e.g., X direction) may be defined as a direction
perpendicular to the front surface 119F of the seal plate 110,
and a second lateral direction (e.g., Y direction) and a
vertical direction (e.g., Z direction) may be defined as
directions that are parallel to the front surface 119F of the
seal plate 110 and perpendicular to each other. Terms such
as “same,” “equal,” “planar,” or “coplanar,” as used herein
encompass near identicality including variations that may
occur, for example, due to manufacturing processes. The
term “substantially” may be used herein to emphasize this
meaning, unless the context or other statements indicate
otherwise.

[0021] The seal plate 110 may have a rectangular shape
when viewed in the first lateral direction (e.g., X direction).
For example, the seal plate 110 may have a long side
extending in the second lateral direction (e.g., Y direction)
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and a short side extending in the vertical direction (e.g., Z
direction). A vertical height of the seal plate 110 (i.e., a
length of the seal plate 110 in the vertical direction (e.g., Z
direction)) may be greater than the vertical height of the
opening 511 of the processing chamber 510 and a lateral
width of the seal plate 110 (i.e., a length of the seal plate 110
in the second lateral direction (e.g., Y direction)) may be
greater than the lateral width of the opening 511 of the
processing chamber 510 so that the seal plate 110 may close
the opening 511 of the processing chamber 510.

[0022] In example embodiments, the seal plate 110 may
include or may be formed of aluminum (Al) or an aluminum
alloy.

[0023] The seal ring 120 may be adhered to the front
surface 119F of the seal plate 110. The seal ring 120 may
have a ring shape that continuously extends along the
circumference of the front surface 119F of the seal plate 110.
For example, the seal ring 120 may be adhered to the front
surface 119F of the seal plate 110 by using an adhesive
member or fitted into a mounting groove provided at the
front surface 119F of the seal plate 110. The seal ring 120
may include or may be formed of an elastic material such as
rubber. The seal ring 120 may strengthen sealing force
between the seal plate 110 and the wall surface of the
processing chamber 510.

[0024] The connection block 130 may be connected to the
rear surface 119B of the seal plate 110. The connection block
130 may be directly coupled to the shaft 140, which is
moved by the actuator 160. A driving force generated by the
actuator 160 may be transmitted to the seal plate 110 through
the shaft 160. For example, the actuator 160 may transmit a
driving force to the connection block 130 via the shaft 160,
and the transmitted force may be uniformly applied to the
seal plate 110 via a flexure hinge structure (i.e., a flexure
hinge) of the connection block 130. The flexure hinge
structure will be described later.

[0025] When viewed in the first lateral direction (e.g., X
direction), the connection block 130 may have a rectangular
shape such that a length of the connection block 130 in the
second lateral direction (e.g., Y direction) is greater than a
length of the connection block 130 in the vertical direction
(e.g., Z direction). The connection block 130 may include a
central portion 130C and two side portions 130S, which are
spaced apart from each other with the central portion 130C
therebetween. In an embodiment, the central portion 130C
may be distinguished from the two side portions 130S by
first and second notches 130N1 and 130N2, respectively. For
example, one of the two side portions 1308S, the left to the
central portion 130C, may be distinguished from the central
portion 130C by the first notch 130N1, and the other of the
two side portions 1308, the right to the central portion 130C,
may be distinguished from the central portion 130C by the
second notch 130N2. The first and second notches 130N1
and 130N2 may be regions recessed from a front surface of
the central block 130C, adjacent to the rear surface 119B of
the seal plate 110, in the first lateral direction (e.g., X
direction) away from the rear surface 119B of the seal plate
110. In an embodiment, each of the first and second notches
130N1 and 130N2 may be connected to the second hinge
groove 220 of a corresponding side portion of the two side
portions 130S. In an embodiment, each of the two side
portions 130S may have a protruded portion extending
downwardly beyond a bottom surface of the central portion
130C. In an embodiment, the first hinge groove 210 may
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extend along a bottom surface of the protruded portion in the
second lateral direction (e.g., Y-axis). For example, the first
hinge groove 210 may extend from a first end of the
protruded portion to a second end of the protruded portion,
and the first and second ends of the protruded portion may
be spaced apart from each other in the second lateral
direction (e.g., Y-axis). The connection block 130 may have
a symmetrical shape with respect to the central portion
130C. For instance, the two side portions 130S of the
connection block 130 may correspond to one end portion (or
a left end portion) and another end portion (or a right end
portion) of the connection block 130 in the second lateral
direction (e.g., Y direction). The two side portions 130S of
the connection block 130 may be fastened to the seal plate
110 through fastening bolts, and front surfaces of the two
side portions 130S of the connection block 130 may be in
contact with the rear surface 119B of the seal plate 110. The
central portion 130C of the connection block 130 may be
spaced apart from the rear surface 119B of the seal plate 110
in the first lateral direction (e.g., X direction) such that a gap
is formed between the central portion 130C of the connec-
tion block 130 and the rear surface 119B of the seal plate
110. It will be understood that when an element is referred
to as being “connected” or “coupled” to or “on” another
element, it can be directly connected or coupled to or on the
other element or intervening elements may be present. In
contrast, when an element is referred to as being “directly
connected” or “directly coupled” to another element, or as
“contacting” or “in contact with” another element, there are
no intervening elements present at the point of contact.

[0026] The central portion 130C of the connection block
130 may be coupled to the shaft 140. The shaft 140 may be
a rod that extends in the vertical direction (e.g., Z direction).
The shaft 140 may be inserted into a shaft insertion hole 135
provided at the central portion 130C of the connection block
130. For example, a third fastening bolt 155 inserted into the
connection block 130 from an upper side of the connection
block 130 may be fastened to the shaft 140 inserted into the
connection block 130 from a lower side of the central
portion 130C of the connection block 130, and thus, the shaft
140 may be fixed to the connection block 130 using the third
fastening bolt 155. A concave portion 117 may be provided
at a central portion of the rear surface 119B of the seal plate
110, and the central portion 130C of the connection block
130 may include a convex portion 138, which is accommo-
dated in the concave portion 117 of the seal plate 110. In a
view from above, the concave portion 117 of the rear surface
119B of the seal plate 110 may include a concave surface,
while the convex portion 138 of the connection block 130
may include a convex surface facing the concave surface of
the concave portion 117 of the seal plate 110.

[0027] The connection block 130 may include a flexure
hinge structure. The flexure hinge structure may be defined
as a structure in which elastic deformation in a specific
direction due to external force applied from the outside is
relatively small and elastic deformation in other directions
due to the external force is relatively large. In an embodi-
ment, the flexure hinge may be a device which connects two
components and transmits a force between two components
while allowing limited relative movement between such two
components by deflecting elastically. For example, the
actuator 160 may transmit a driving force to the connection
block 130 via the shaft 160, and the transmitted force may
be uniformly applied to the seal plate 110 via a flexure hinge
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structure (i.e., a flexure hinge) of the connection block 130.
The flexure hinge structure will be described later.

[0028] In example embodiments, when external force is
applied from the outside, the connection block 130 may
provide relatively large elastic deformation (or restoring
force) in the first lateral direction (e.g., X direction) and
provide relatively small elastic deformation (or restoring
force) in the second lateral direction (e.g., Y direction) and
the vertical direction (e.g., Z direction). In example embodi-
ments, the connection block 130 may include or may be
formed of aluminum or an aluminum alloy.

[0029] In example embodiments, each of the two side
portions 1308 of the connection block 130 may include a
first hinge groove 210 and a second hinge groove 220. The
flexure hinge structure of the connection block 130 may be
embodied by at least one of the first hinge groove 210 and
the second hinge groove 220.

[0030] The first hinge groove 210 may be provided at the
connection block 130 and exposed at a side surface 139S and
a bottom surface 139L of the connection block 130. The first
hinge groove 210 may be substantially parallel to the front
surface 119F of the seal plate 110. For example, the first
hinge groove 210 may extend in a direction substantially
parallel to the front surface 119F of the seal plate 110. When
viewed in the first lateral direction (e.g., X direction), the
first hinge groove 210 may have a tetragonal shape. The first
hinge groove 210 may be spaced apart from the rear surface
119B of the seal plate 110 by a first distance [.1 and extend
in the second lateral direction (e.g., Y direction) and the
vertical direction (e.g., Z direction) in the connection block
130. A lateral width W1 of the first hinge groove 210 in the
first lateral direction (e.g., X direction) may be less than the
extension length of the first hinge groove 210 in the second
lateral direction (e.g., Y direction) and an extension length
H1 of the first hinge groove 210 in the vertical direction
(e.g., Z direction). The lateral width W1 of the first hinge
groove 210 in the first lateral direction (e.g., X direction)
may correspond to a lateral width of a first lower groove 211
of'the first hinge groove 210 in the first lateral direction (e.g.,
X direction), which will be described below.

[0031] In example embodiments, the lateral width W1 of
the first hinge groove 210 in the first lateral direction (e.g.,
X direction) may be in a range of about 0.5 mm to about 3
mm or in a range of about 0.7 mm to about 2.5 mm. In
example embodiments, the lateral width W1 of the first
hinge groove 210 in the first lateral direction (e.g., X
direction) may be about 1 mm.

[0032] In example embodiments, the extension length of
the first hinge groove 210 in the second lateral direction
(e.g., Y direction) may be in a range of about 15% to about
35% of a total lateral width of the connection block 130 in
the second lateral direction (e.g., Y direction). In example
embodiments, the extension length of the first hinge groove
210 in the second lateral direction (e.g., Y direction) may be
in a range of about 20 mm to about 50 mm, in a range of
about 25 mm to about 45 mm, or in a range of about 30 mm
to about 40 mm. Terms such as “about” or “approximately”
may reflect amounts, sizes, orientations, or layouts that vary
only in a small relative manner, and/or in a way that does not
significantly alter the operation, functionality, or structure of
certain elements. For example, a range from “about 0.1 to
about 1”” may encompass a range such as a 0%-5% deviation
around 0.1 and a 0% to 5% deviation around 1, especially if
such deviation maintains the same effect as the listed range.
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[0033] In example embodiments, the extension length H1
of the first hinge groove 210 in the vertical direction (e.g.,
Z direction) may be in a range of about 30% to about 50%
of a total vertical height of the connection block 130 in the
vertical direction (e.g., Z direction). In example embodi-
ments, the extension length H1 of the first hinge groove 210
in the vertical direction (e.g., Z direction) may be in a range
of'about 10 mm to about 25 mm, in a range of about 12 mm
to about 23 mm, or in a range of about 15 mm to about 20
mm.

[0034] Inaside cross-sectional view, the first hinge groove
210 may include a first upper groove 213 having a circular
shape and the first lower groove 211, which linearly extends
downward from the first upper groove 213 to the bottom
surface 139L of the connection block 130. The first lower
groove 211 may have a uniform lateral width and extend in
the vertical direction (e.g., Z direction). A diameter D1 of the
first upper groove 213 may be greater than the lateral width
W1 of the first lower groove 211 in the first lateral direction
(e.g., X direction). For example, the diameter D1 of the first
upper groove 213 may be in a range of about 150% to about
250% of the lateral width of the first lower groove 211 in the
first lateral direction (e.g., X direction). Because the first
upper groove 213 at an end portion of the first hinge groove
210 has a circular cross-section, stress concentration may be
alleviated at the end portion of the first hinge groove 210.

[0035] The first hinge groove 210 may pass through the
side portion 130S of the connection block 130 in the second
lateral direction (e.g., Y direction). For example, one side
end portion and another side end portion of the first hinge
groove 210 in the second lateral direction (e.g., Y direction)
may be exposed to the outside of the connection block 130.
The side portion 130S of the connection block 130 may
include a first front end portion 231 and a first rear end
portion 233, which are spaced apart from each other in the
first lateral direction (e.g., X direction) with the first hinge
groove 210 therebetween. The first hinge groove 210 may be
defined as a gap between the first front end portion 231 and
the first rear end portion 233 of the connection block 130.

[0036] The second hinge groove 220 may be provided at
the connection block 130 and exposed at the side surface
139S and an upper surface 139U of the connection block
130. The second hinge groove 220 may be substantially
parallel to the front surface 119F of the seal plate 110. For
example, the second hinge groove 220 may extend in a
direction substantially parallel to the front surface 119F of
the seal plate 110. When viewed in the first lateral direction
(e.g., X direction), the second hinge groove 220 may have a
tetragonal shape. The second hinge groove 220 may be
spaced apart from the rear surface 119B of the seal plate 110
by a second distance [.2 and extend in the second lateral
direction (e.g., Y direction) and the vertical direction (e.g.,
Z direction) in the connection block 130. A lateral width W2
of the second hinge groove 220 in the first lateral direction
(e.g., X direction) may be less than the extension length of
the second hinge groove 220 in the second lateral direction
(e.g., Y direction) and the extension length H2 of the second
hinge groove 220 in the vertical direction (e.g., Z direction).
The lateral width W2 of the second hinge groove 220 in the
first lateral direction (e.g., X direction) may correspond to a
lateral width of a second upper groove 221 of the second
hinge groove 220, which will be described below, in the first
lateral direction (e.g., X direction).
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[0037] In example embodiments, each of the first distance
L1 between the first hinge groove 210 and the rear surface
119B of the seal plate 110 and the second distance 1.2
between the second hinge groove 220 and the rear surface
119B of the seal plate 110 may be in a range of about 2 mm
to about 20 mm.

[0038] In example embodiments, the first distance L1
between the first hinge groove 210 and the rear surface 119B
of the seal plate 110 may be different from the second
distance [.2 between the second hinge groove 220 and the
rear surface 119B of the seal plate 110. For instance, the first
distance L1 between the first hinge groove 210 and the rear
surface 119B of'the seal plate 110 may be about 5 mm, while
the second distance 1.2 between the second hinge groove
220 and the rear surface 119B of the seal plate 110 may be
about 7 mm.

[0039] In example embodiments, the first distance L1
between the first hinge groove 210 and the rear surface 119B
of the seal plate 110 may be equal to the second distance [.2
between the second hinge groove 220 and the rear surface
119B of the seal plate 110. In this case, the first hinge groove
210 may be aligned with the second hinge groove 220 in the
vertical direction (e.g., Z direction).

[0040] In example embodiments, dimensions of the sec-
ond hinge groove 220 (e.g., the lateral width W2 of the
second hinge groove 220 in the first lateral direction (e.g., X
direction), the extension length of the second hinge groove
220 in the second lateral direction (e.g., Y direction), and the
extension length H2 of the second hinge groove 220 in the
vertical direction (e.g., Z direction)) may be substantially
equal to dimensions of the first hinge groove 210, which
correspond thereto. In example embodiments, dimensions of
the second hinge groove 220 (e.g., the lateral width W2 of
the second hinge groove 220 in the first lateral direction
(e.g., X direction), the extension length of the second hinge
groove 220 in the second lateral direction (e.g., Y direction),
and the extension length H2 of the second hinge groove 220
in the vertical direction (e.g., Z direction)) may be different
from dimensions of the first hinge groove 210, which
correspond thereto.

[0041] In example embodiments, the lateral width W2 of
the second hinge groove 220 in the first lateral direction
(e.g., X direction) may be in a range of about 0.5 mm to
about 3 mm or in a range of about 0.7 mm to about 2.5 mm.
In example embodiments, the lateral width W2 of the second
hinge groove 220 in the first lateral direction (e.g., X
direction) may be about 1 mm.

[0042] In example embodiments, the extension length of
the second hinge groove 220 in the second lateral direction
(e.g., Y direction) may be in a range of about 15% to about
35% of a total lateral width of the connection block 130 in
the second lateral direction (e.g., Y direction). In example
embodiments, the extension length of the second hinge
groove 220 in the second lateral direction (e.g., Y direction)
may be in a range of about 20 mm to about 50 mm, a range
of'about 25 mm to about 45 mm, or a range of about 30 mm
to about 40 mm.

[0043] In example embodiments, the extension length H2
of'the second hinge groove 220 in the vertical direction (e.g.,
Z direction) may be in a range of about 30% to about 50%
of a total vertical height of the connection block 130 in the
vertical direction (e.g., Z direction). In example embodi-
ments, the extension length H2 of the second hinge groove
220 in the vertical direction (e.g., Z direction) in the exten-
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sion length H2 may be in a range of about 10 mm to about
25 mm, a range of about 12 mm to about 23 mm, or a range
of about 15 mm to about 20 mm.

[0044] In a side cross-sectional view, the second hinge
groove 220 may include a second lower groove 223 having
a circular shape and the second upper groove 221, which
linearly extends upward from the second lower groove 223
toward the upper surface 139U of the connection block 130.
The second upper groove 221 may have a uniform lateral
width and extend in the vertical direction (e.g., Z direction).
A diameter D2 of the second lower groove 223 may be
greater than a lateral width of the second upper groove 221
in the first lateral direction (e.g., X direction). For example,
the diameter D2 of the second lower groove 223 may be in
a range of about 150% to about 250% of the lateral width of
the second upper groove 221 in the first lateral direction
(e.g., X direction). Because the second upper groove 223 at
an end portion of the second hinge groove 220 has a circular
cross-section, stress concentration may be alleviated at the
end portion of the second hinge groove 220.

[0045] The second hinge groove 220 may pass through the
side portion 130S of the connection block 130 in the second
lateral direction (e.g., Y direction). That is, one side end
portion and another side end portion of the second hinge
groove 220 in the second lateral direction (e.g., Y direction)
may be exposed to the outside of the connection block 130.
The side portion 130S of the connection block 130 may
include a second front end portion 241 and a second rear end
portion 243, which are spaced apart from each other in the
first direction with the second hinge groove 220 therebe-
tween. In this case, the second hinge groove 220 may be
defined as a gap between the second front end portion 241
and the second rear end portion 243 of the connection block
130.

[0046] The second hinge groove 220 and the first hinge
groove 210 may be spaced apart from each other. For
example, a lower end portion of the second hinge groove
220 may be spaced apart from an upper end portion of the
first hinge groove 210 in the vertical direction (e.g., Z
direction) and/or the first lateral direction (e.g., X direction).
To adjust a distance between the first hinge groove 210 and
the second hinge groove 220, the first distance L1 between
the first hinge groove 210 and the rear surface 119B of the
seal plate 110, the second distance 1.2 between the second
hinge groove 220 and the rear surface 119B of the seal plate
110, a length H1 of the first hinge groove 210 in the vertical
direction (e.g., Z direction), and/or a length H2 of the second
hinge groove 220 in the vertical direction (e.g., Z direction)
may be adjusted. For example, the distance between the first
hinge groove 210 and the second hinge groove 220 may be
in a range of about 3 mm to about 9 mm.

[0047] Each of the two side portions 130S of the connec-
tion block 130 may be fastened to the seal plate 110 by at
least one first fastening bolt 151 passing through the first
hinge groove 210 and at least one second fastening bolt 153
passing through the second hinge groove 220. For example,
each of the two side portions 130S of the connection block
130 may be fastened to the seal plate 110 by at least two first
fastening bolts 151 passing through the first hinge groove
210 and at least two second fastening bolts 153 passing
through the second hinge groove 220.

[0048] Each of the two side portions 130S of the connec-
tion block 130 may include a first bolt head receiving hole
131_1 and a first bolt body receiving hole 133_1. The first
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bolt head receiving hole 131_1 may extend from the rear
surface 139B of the connection block 130 to the first hinge
groove 210 in the first lateral direction (e.g., X direction).
The first bolt body receiving hole 133_1 may extend from
the front surface 139F of the connection block 130 to the
first hinge groove 210 in the first lateral direction (e.g., X
direction). The seal plate 110 may include a first fastening
groove 111_1, which is aligned with the first bolt body
receiving hole 133_1 in the first lateral direction (e.g., X
direction).

[0049] The first bolt head receiving hole 131_1 may pass
through the first rear end portion 233 of the connection block
130 in the first lateral direction (e.g., X direction) and
accommodate a head of the first fastening bolt 151. The first
bolt body receiving hole 133_1 may pass through the first
front end portion 231 of the connection block 130 in the first
lateral direction (e.g., X direction) and accommodate a body
of the first fastening bolt 151, which extends from the head
of'the first fastening bolt 151. The body of the first fastening
bolt 151 may be a shank that does not have threads. For
example, the first fastening bolt 151 may further include a
head and a screwed portion. The screwed portion may have
threads. The shank may connect the head and the screwed
portion with each other. A diameter of the first bolt body
receiving hole 133_1 may be less than a diameter of the first
bolt head receiving hole 131_1 and greater than a diameter
of'the body of the first fastening bolt 151. The first fastening
groove 111_1 may extend from the rear surface 119B of the
seal plate 110 in the first lateral direction (e.g., X direction),
and may be provided with a screw thread that engages a
screw thread provided on a screw of the first fastening bolt
151. The screw thread of the first fastening groove 111_1
may be formed on an inner circumferential surface of the
first fastening groove 111_1. Because the screw thread of the
first fastening bolt 151 engages the screw thread of the first
fastening groove 111_1, the first front end portion 231 of the
connection block 130 may be fastened and fixed to the seal
plate 110.

[0050] Each of the two side portions 130S of the connec-
tion block 130 may include a second bolt head receiving
hole 131_2 and a second bolt body receiving hole 133_2.
The second bolt head receiving hole 131_2 may extend from
the rear surface 139B of the connection block 130 to the
second hinge groove 220 in the first lateral direction (e.g., X
direction). The second bolt body receiving hole 133_2 may
extend from the front surface 139F of the connection block
130 to the second hinge groove 220 in the first lateral
direction (e.g., X direction). The seal plate 110 may include
a second fastening groove 111_2, which is aligned with the
second bolt body receiving hole 133_2 in the first lateral
direction (e.g., X direction).

[0051] The second bolt head receiving hole 131_2 may
pass through the second rear end portion 243 of the con-
nection block 130 in the first lateral direction (e.g., X
direction) and accommodate a head of the second fastening
bolt 153. The second bolt body receiving hole 133_2 may
pass through the second front end portion 241 of the
connection block 130 in the first lateral direction (e.g., X
direction) and accommodate a body of the second fastening
bot 153, which extends from the head of the second fasten-
ing bolt 153. The body of the second fastening bolt 153 may
be a shank that does not have threads. For example, the
second fastening bolt 153 may further include a head and a
screwed portion. The screwed portion may have threads. The
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shank may connect the head and the screwed portion with
each other. A diameter of the second bolt body receiving
hole 133_2 may be less than a diameter of the second bolt
head receiving hole 131_2 and greater than a diameter of the
body of the second fastening bolt 153. The second fastening
groove 111_2 may extend from the rear surface 119B of the
seal plate 110 in the first lateral direction (e.g., X direction),
and may be provided with a screw thread that engages a
screw thread provided on a screw of the second fastening
bolt 153. The screw thread of the second fastening groove
111_2 may be formed on an inner circumferential surface of
the second fastening groove 111_2. Because the screw
thread of the second fastening bolt 153 engages the screw
thread of the second fastening groove 111_2, the second
front end portion 241 of the connection block 130 may be
fastened and fixed to the seal plate 110.

[0052] The seal plate 110 and the connection block 130
may have structures aligned with each other in the first
direction. In example embodiments, each of the two side
portions 130S of the connection block 130 may include an
alignment protrusion 137, which protrudes from the front
surface 139F of the connection block 130 in the first
direction, and an alignment groove 113 in which the align-
ment protrusion 137 may be provided at the rear surface
119B of the seal plate 110. Because the connection block
130 is aligned with the seal plate 110 by inserting the
alignment protrusion 137 of the connection block 130 into
the alignment groove 113 of the seal plate 110, an assembly
process for connecting the connection block 130 to the seal
plate 110 may be performed relatively easily. In example
embodiments, to enable alignment between the seal plate
110 and the connection block 130, a groove may be provided
at each of the two side portions 130S of the connection block
130, and the seal plate 110 may include protrusions that are
inserted into the grooves provided at the two side portions
130S of the connection block 130.

[0053] When the opening 511 of the processing chamber
510 is closed using the valve structure 100 under the
condition of a non-uniform surface pressure applied between
the seal plate 110 and the wall surface of the processing
chamber 510, such non-uniform surface pressure may be
damaging to components included in the valve structure 100
(e.g., the deformation of the shaft 140 and/or the abrasion of
the seal ring 120), the performance of the valve structure 100
may deteriorate, and the reliability of a substrate processing
apparatus (refer to 1000 in FIG. 5) including the valve
structure 100 may deteriorate.

[0054] According to example embodiments, because the
driving force of the actuator 160, which is transmitted
through the shaft 140, is applied to the seal plate 110 through
the connection block 130, to which the flexure hinge struc-
ture is applied, a uniform surface pressure may be applied
between the seal plate 110 and the wall surface of the
processing chamber 510 via the flexure hinge structure at the
side portions of the connection block 130. Accordingly, the
reliability of the valve structure 100 and the reliability of the
substrate processing apparatus 1000 including the valve
structure 100 may be improved.

[0055] FIGS. 5 to 7 are construction views of a substrate
processing apparatus 1000 including the valve structure 100
of FIG. 1, according to embodiments.

[0056] FIGS. 5 to 7 illustrate an operation of sequentially
switching the valve structure 100 from an opening position
to a closing position. Specifically, FIG. 5 illustrates the
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opening position of the valve structure 100, FIG. 6 illustrates
an intermediate position of the valve structure 100, and FIG.
7 illustrates the closing position of the valve structure 100.
[0057] Referring to FIGS. 1 to 7, the substrate processing
apparatus 1000 may include the processing chamber 510 and
the valve structure 100 configured to open and close the
opening 511 of the processing chamber 510. The valve
structure 100 may switch between the opening position at
which the opening 511 of the processing chamber 510 is
opened and the closing position at which the opening 511 of
the processing chamber 510 is closed.

[0058] The opening position of the valve structure 100
may be a position at which the opening 511 of the processing
chamber 510 is opened so that a substrate may be loaded into
and unloaded from the processing chamber 510 through the
opening 511 of the processing chamber 510. When the valve
structure 100 is at the opening position, the seal plate 110
may be at a position that is spaced apart from the opening
511 of the processing chamber 510 in the first lateral
direction (e.g., X direction) and the vertical direction (e.g.,
Z direction).

[0059] The intermediate position of the valve structure
100 may be a position between the opening position and the
closing position of the valve structure 100. When the valve
structure 100 is at the intermediate position, the seal plate
110 may be positioned at a position that is spaced apart from
the opening 511 of the processing chamber 510 in the first
lateral direction (e.g., X direction). When the valve structure
100 switches from the opening position to the intermediate
position, the actuator 160 may transmit driving force
through the shaft 140 to the connection block 130 and move
the connection block 130 and the seal plate 110 upward.
[0060] The closing position of the valve structure 100 may
be a position at which the opening 511 of the processing
chamber 510 is closed by the valve structure 100. When the
valve structure 100 is at the closing position, the seal plate
110 or the seal ring 120 may contact the wall surface of the
processing chamber 510 having the opening 511. When the
valve structure 100 is at the closing position, a vacuum may
be formed in an inner space of the processing chamber 510.
When the valve structure 100 switches from the intermediate
position to the closing position, the actuator 160 may
transmit driving force through the shaft 140 to the connec-
tion block 130, the connection block 130 and the seal plate
110 may be moved in the first lateral direction (e.g., X
direction).

[0061] The actuator 160 may move the connection block
130 and the seal plate 110 by using the shaft 140 in the first
lateral direction (e.g., X direction) and the vertical direction
(e.g., Z direction). The actuator 160 may move the connec-
tion block 130 and the seal plate 110 in the first lateral
direction (e.g., X direction) and/or the vertical direction
(e.g., Z direction) such that the valve structure 100 switches
among the closing position, the intermediate position, and
the opening position.

[0062] When the valve structure 100 is at the closing
position, the actuator 160 may transmit driving force to the
connection block 130 through the shaft 140 so that the seal
plate 110 may contact the wall surface of the processing
chamber 510 under an appropriate pressure. According to
example embodiments, because the driving force of the
actuator 160 is applied to the seal plate 110 through the
connection block 130 having the flexure hinge structure, a
uniform surface pressure may be applied between the seal
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plate 110 and the wall surface of the processing chamber
510. Accordingly, the reliability of the valve structure 100
and the reliability of the substrate processing apparatus 1000
including the valve structure 100 may be improved.

[0063] FIG. 8 is a flowchart of a method of processing a
substrate, according to example embodiments.

[0064] Hereinafter, a method of processing a substrate
using the substrate processing apparatus 1000 will be
described with reference to FIGS. 5 to 7 and 8.

[0065] To begin with, the valve structure 100 may be
positioned at the opening position to open the opening 511
of the processing chamber 510, and a substrate to be
processed may be loaded into the processing chamber 510
through the opening 511 of the processing chamber 510
(S110). The substrate may be mounted on a stage provided
in the processing chamber 510.

[0066] After the substrate is loaded into the processing
chamber 510, the valve structure 100 may be moved to the
closing position to close the opening 511 of the processing
chamber 510 (S120).

[0067] After the opening 511 of the processing chamber
510 is closed, a substrate processing process may be per-
formed on the substrate (S130). For example, the substrate
processing process may include a deposition process, an
etching process, an oxidation process, a cleaning process,
and the like. To perform the substrate processing process, the
substrate processing apparatus 1000 may adjust pressure of
an inner space of the processing chamber 510 to a vacuum
or a predetermined level of pressure. For example, the
substrate processing apparatus 1000 may adjust the pressure
of the inner space of the processing chamber 510 to a
pressure of about 10 Torr or less, 10~ Torr or less, or 107>
Torr or less. For example, the substrate processing apparatus
1000 may adjust the pressure of the inner space of the
processing chamber 510 to a vacuum by using a vacuum
pump configured to exhaust gas from the inner space of the
processing chamber 510.

[0068] When the substrate processing process is com-
pleted, the valve structure 100 may be moved to the opening
position to open the opening 511 of the processing chamber
510 (S140). Before the opening 511 of the processing
chamber 510 is opened, the substrate processing apparatus
1000 may adjust the pressure of the inner space of the
processing chamber 510 to an atmospheric pressure or an
approximate level thereto by supplying a purge gas into the
processing chamber 510. For example, the substrate pro-
cessing apparatus 1000 may increase the pressure of the
inner space of the processing chamber 510 by using a gas
supply source configured to supply the purge gas (e.g.,
nitrogen gas, an inert gas, and/or clean dry air) to the inner
space of the processing chamber 510.

[0069] After the opening 511 of the processing chamber
510 is opened, the substrate on which the substrate process-
ing process has been completely performed may be
unloaded from the processing chamber 510 through the
opening 511 of the processing chamber 510 (S150).

[0070] According to example embodiments, because driv-
ing force of the actuator 160 is applied to the seal plate 110
through the connection block 130 having a flexure hinge
structure, a uniform surface pressure may be applied
between the seal plate 110 and the wall surface of the
processing chamber 510. As a result, the sealing force of the
processing chamber 510 may be improved, and thus, the
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reliability of the substrate processing process using the
substrate processing apparatus 1000 may be improved.
[0071] While the inventive concept has been particularly
shown and described with reference to embodiments
thereof, it will be understood that various changes in form
and details may be made therein without departing from the
spirit and scope of the following claims.

What is claimed is:

1. A process chamber door for closing or opening an
entrance of a process chamber through which a substrate to
be processed is loaded, comprising:

a seal plate comprising a front surface and a rear surface

opposite to each other in a first direction;

a connection block connected to the rear surface of the
seal plate, the connection block comprising a central
portion and two side portions connected to the rear
surface of the seal plate; and

a shaft connected to the central portion of the connection
block,

wherein the connection block further comprises:

a first hinge groove disposed at a bottom surface and a
side surface of each of the two side portions of the
connection block, the first hinge groove extending in a
second direction and a third direction in the connection
block, wherein the second direction is perpendicular to
the first direction, and the third direction is perpendicu-
lar to the first direction and the second direction; and

a second hinge groove disposed at an upper surface and
the side surface of each of the two side portions of the
connection block, the second hinge groove extending in
the second direction and the third direction,

wherein the connection block comprises aluminum (Al).

2. A process chamber door for closing or opening an
entrance of a process chamber through which a substrate to
be processed is loaded, comprising:

a seal plate comprising a front surface and a rear surface

opposite to each other in a first direction;

a connection block connected to the rear surface of the
seal plate, the connection block comprising a central
portion and two side portions connected to the rear
surface of the seal plate; and

a shaft connected to the central portion of the connection
block, the shaft being configured to be moved by an
actuator,

wherein the connection block further comprises:

a first hinge groove disposed at a bottom surface and a
side surface of each of the two side portions of the
connection block, the first hinge groove extending in a
second direction and a third direction in the connection
block, wherein the second direction is perpendicular to
the first direction and the third direction is perpendicu-
lar to the first direction and the second direction;

a second hinge groove disposed at an upper surface and
the side surface of each of the two side portions of the
connection block, the second hinge groove extending in
the second direction and the third direction in the
connection block and being spaced apart from the first
hinge groove in the third direction;

a first front end portion and a first rear end portion spaced
apart from each other with the first hinge groove
therebetween; and

a second front end portion and a second rear end portion
spaced apart from each other with the second hinge
groove therebetween,
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wherein the first front end portion of the connection block
is fastened to the seal plate by a first fastening bolt, and

wherein the second front end portion of the connection
block is fastened to the seal plate by a second fastening
bolt,

wherein, in a side cross-sectional view, the first hinge
groove comprises a first upper groove having a circular
shape and a first lower groove linearly extending from
the first upper groove to the bottom surface of the
connection block in the third direction,

wherein, in a side cross-sectional view, the second hinge
groove comprises a second lower groove having a
circular shape and a second upper groove linearly
extending from the second lower groove to the upper
surface of the connection block in the third direction,

wherein a diameter of the circular shape of the first upper
groove is greater than a width of the first lower groove
in the first direction, and

wherein a diameter of the circular shape of the second
lower groove is greater than a width of the second
upper groove in the first direction.

3. The process chamber door of claim 2,

wherein the connection block further comprises:

a first bolt body receiving hole passing through the first
front end portion and being configured to accommodate
a body of the first fastening bolt;

a first bolt head receiving hole passing through the first
rear end portion and being configured to accommodate
a head of the first fastening bolt, the first bolt head
receiving hole having a diameter greater than a diam-
eter of the first bolt body receiving hole;

Jun. 27, 2024

a second bolt body receiving hole passing through the
second front end portion and being configured to
accommodate a body of the second fastening bolt; and

a second bolt head receiving hole passing through the
second rear end portion and being configured to accom-
modate a head of the second fastening bolt, the second
bolt head receiving hole having a diameter greater than
a diameter of the second bolt body receiving hole.

4. A method of fabricating a device, the method compris-

ing:

loading a substrate into a processing chamber through an
entrance of the processing chamber;

closing the entrance of the processing chamber by moving
a process chamber door with a seal plate and a flexure
hinge to a closing position;

performing a processing process on the substrate;

opening the entrance of the processing chamber by mov-
ing the process chamber door to an opening position;
and

unloading the substrate from the processing chamber
through the entrance of the processing chamber.

5. The method of claim 4, further comprising:

moving, when the process chamber door switches from
the opening position to the closing position, the seal
plate at least one of a vertical direction and a first lateral
direction using an actuator,

wherein the seal plate is in contact with the processing
chamber and closes the entrance using a force trans-
ferred via the flexure hinge from the actuator when the
process chamber door is at the closing position, and

wherein the seal plate is spaced apart from the entrance in
the first lateral direction and the vertical direction when
the process chamber door is at the opening position.
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