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STORAGE MODULE, SUBSTRATE PROCESSING SYSTEM, AND METHOD OF

TRANSFERRING CONSUMABLE MEMBER

Technical Field

The present disclosure relates to a storage module, a
substrate processing system, and a method of transferring a

consumable member.

Background

In a substrate processing system, a process module for
processing a substrate is provided. In the process module,
a consumable member such as an edge ring or a cover ring is
consumed in a chamber as the substrate 1s processed.
Therefore, it 1is required to replace the consumable member
regularly. Conventionally, an operator opens the chamber of
the process module and manually replaces the consumable
member. However, the transfer of the consumable member
using a transfer robot may also be considered. In this case,
a storage unit for storing the consumable member and an
alignment wunit for performing positional alignment are
required to align the consumable member.

As an example of an apparatus including the storage
unit and the alignment unit, an apparatus for a wafer has

been suggested. For example, there has been suggested a
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wafer alignment apparatus in which a wafer is extracted from
a wafer container, transferred onto an adjacent mounting
position, and rotated to set an orientation flat thereof in
a certain direction (see, e.g., Japanese Patent Application

Publication No. 2008-311391).

Summary

The present disclosure provides a storage module, a
substrate processing system, and a method of transferring a
consumable member.

In accordance with an aspect of the present disclosure,
there 1is provided a storage module including: a substrate
support on which a consumable member is placed; a sensor
configured to detect an orientation of the consumable member;
a rotating unit configured to rotate the consumable member
in a predetermined direction based on the orientation of the
consumable member detected by the sensor; a storage unit
disposed under or below the substrate support and configured
to store the consumable member; and an elevating unit

configured to vertically move the storage unit.

Brief Description of the Drawings

The objects and features of the present disclosure

will Dbecome apparent from the following description of
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embodiments, given in conjunction with the accompanying
drawings, in which:

Fig. 1 1s a horizontal cross-sectional plan view
showing an example of a substrate processing system
according to a first embodiment of the present disclosure;

Fig. 2 1is a cross-sectional front view showing an
example of a storage module according to the first
embodiment;

Fig. 3 1is a cross-sectional side view showing the
example of the storage module according to the first
embodiment;

Fig. 4 1s a cross-sectional side view showing an
example of extracting a cassette from the storage module;

Fig. 5 shows an example of the relationship between an
edge ring and a fork on a stage;

Fig. 6 shows an example of a state in which the edge
ring is placed on the stage;

Fig. 7 is a flowchart showing an example of a transfer
process in the first embodiment;

Fig. 8 shows an example of a state in which the fork
receives the edge ring from the cassette;

Fig. 9 shows an example of a state in which the fork
places the edge ring on the stage; and

Fig. 10 is a cross-sectional front view showing an

example of a storage module according to a second embodiment.
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Detailed Description

Hereinafter, embodiments of a storage module, a
substrate processing system, and a method of transferring a
consumable member of the present disclosure will Dbe
described in detail with reference to the accompanying
drawings. The following embodiments are not intended to
limit the present disclosure.

In order to transfer a consumable member to a transfer
robot, a substrate processing system includes a storage
module for storing and performing an alignment of the
consumable member. In the storage module in which a storage
unit and an alignment unit are installed adjacent to each
other, a footprint becomes large because an installation
space 1s required for each unit. However, 1in a factory
where the substrate processing system is installed, it is
required to reduce the footprint to improve space efficiency.
Therefore, it 1is desired to reduce the footprint of the
storage module.

(First Embodiment)

<Configuration of substrate processing system 1>

Fig. 1 1is a horizontal cross-sectional plan view
showing an example of a substrate processing system
according to a first embodiment of the present disclosure.
The substrate processing system 1 shown 1in Fig. 1 1is

configured to process wafers individually and perform
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various treatments such as plasma processing and the like on
each wafer (e.g., a semiconductor wafer).

The substrate processing system 1 includes a
processing system body 10 and a controller (CNT) 100 for
controlling the processing system body 10. As shown in Fig.
1, for example, the processing system body 10 includes
vacuum transfer modules 1lla and 1lb, a plurality of process
modules 13, a plurality of load-lock modules 15, an
equipment front end module (EFEM) 18, an ashing module 20,
and a storage module 22. In the following description, each
of the wvacuum transfer modules 1la and 1lb may also be
referred to as “WTM,” each of the process modules 13 may
also be referred to as Y“PM,” and each of the load-lock
modules 15 may also be referred to as “LLM.”

FEach of the VTMs 1la and 1lb has a substantially
quadrangular shape in plan view. The PMs 13 are connected
to two opposite side surfaces of each of the VTIMs 1lla and
11b. Further, to the other two opposite side surfaces, the
LIMs 15 are connected to one of the two opposite side
surfaces of the VTM 1la, and a path (not shown) to connect
with the VTM 11lb 1is connected to the other of the two
opposite side surfaces. The angle between the side surfaces
of the VIM 1la to which the LILMs 15 are connected 1is
determined depending on the shapes of the two LLMs 15. The
VIM 11b is connected to the VTM 1la through the path (not

shown) . The VTMs 1la and 1lb have wvacuum chambers where
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robot arms 12a and 12b are disposed, respectively.

The robot arms 12a and 12b are configured to be
rotatable, extensible, contractible and vertically movable.
Each of the robot arms 12a and 12b transfers a wafer between
the PMs 13 and the LLMs 15 while holding the wafer on a fork
120 disposed at a tip end thereof. Further, each of the
robot arms 12a and 12b transfers a consumable member between
the PMs 13 and the storage module 22 while holding the
consumable member such as an edge ring on the fork 120. The
robot arms 12a and 12b are examples of a vacuum transfer
robot. The robot arms 12a and 12b are not limited to those
shown 1in Fig. 1 as long as they can transfer the wafer
between the PMs 13 and the LIMs 15 and transfer the
consumable member between the PMs 13 and the storage module
22.

Each PM 13 has a processing chamber where a
cylindrical stage (substrate support) is disposed. After
the wafer is placed on the stage, a pressure in the PM 13 is
reduced and a processing gas 1is introduced. Then, a radio
frequency power is applied into the PM 13 to generate plasma,
and plasma processing 1is performed on the wafer by the
plasma. The VIMs 1lla and 1lb are partitioned from the PMs
13 by gate valves 14. Disposed on the stage in the PM 13
are an edge ring that surrounds the wafer to improve the
uniformity of the plasma processing and a cover ring for

protecting an edge of the stage from the plasma. Further,
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an upper electrode for applying a radio frequency power 1is
disposed at an upper portion of the processing chamber
facing the stage.

The LLMs 15 are disposed between the VTM 1la and the
EFEM 18. Each of the LILMs 15 has a chamber of which inner
pressure can be switched Dbetween a wvacuum state and an
atmospheric pressure, and a cylindrical stage disposed
therein. In the case of loading the wafer from the EFEM 18
into the VIM 1la, the wafer is transferred from the EFEM 18
into the LLM 15 maintained at an atmospheric pressure; the
pressure in the LLM 15 is decreased; and the wafer is loaded
into the VTM 1lla. In the case of unloading the wafer from
the VIM 1lla into the EFEM 18, the wafer is transferred from
the VIM 1lla into the LLM 15 maintained in a vacuum state;
the pressure in the LILM 15 1is increased to an atmospheric
pressure; and the wafer W is loaded into the EFEM 18. The
LLMs 15 are partitioned from the VIM 1lla by gate valves 16.
Further, the LLMs 15 are partitioned from the EFEM 18 by
gate valves 17.

The EFEM 18 is disposed to be opposite to the VIM 1la.
The EFEM 18 is a rectangular parallelepiped-shaped
atmospheric transfer chamber having a fan filter unit (FFU)
and maintained at an atmospheric pressure. The two LLMs 15
are connected to one long side of the EFEM 18. Five load
ports (LP) 19 are connected to the other long side of the

EFEM 18. A front opening unified pod (FOUP) (not shown)
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that is a container accommodating a plurality of wafers is
placed on each LP 19. An atmospheric transfer robot (robot
arm) for transferring a wafer is disposed in the EFEM 18.
The EFEM 18 is an example of a loader module.

The ashing module 20 is connected to the VIM 1lb. The
ashing module 20 has a cylindrical stage therein. The
ashing module 20 removes a resist of the wafer placed on the
stage. The VIM 11lb is partitioned from the ashing module 20
by a gate valve 21.

The storage module 22 is connected to the VIM 1lb. The
storage module 22 includes a storage unit for storing
consumable members such as the edge ring, the cover ring,
and the upper electrode. Further, the storage module 22
includes the stage (substrate support) and a rotating unit
for aligning the consumable members. The storage module 22
can move the consumable member from the storage unit to the
stage using the fork 120 of the robot arm 12b. The aligned
consumable member is transferred to the PM 13 by the robot
arm 12b. The VTIM 1llb is partitioned from the storage module
22 by a gate valve 23.

The substrate ©processing system 1 includes the
controller 100. The controller 100 1is, for example, a
computer, and includes a central processing unit (CPU), a
random access memory (RAM), a read only memory (ROM), an
auxiliary storage device, and the 1like. The CPU operates

based on a program stored 1in the ROM or the auxiliary
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storage device. The CPU controls operations of individual
components of the substrate processing system 1.

(Details of storage module 22)

Fig. 2 1is a cross-sectional front wview showing an
example of the storage module according to a first
embodiment. Fig. 2 is a cross-sectional view of the storage
module 22 viewed from the VTM 11lb side. As shown in Fig. 2,
the storage module 22 includes a chamber 30 disposed on a
frame 24 and a machine room 40 disposed on the chamber 30.
The pressure in the chamber 30 can be switched between a
vacuum state and an atmospheric pressure. Further, N, gas
is supplied as a purge gas to the chamber 30 to adjust the
pressure 1in the chamber 30. The machine room 40 1is
maintained at an atmospheric pressure.

A storage 39 having a stage 31 and a case 34 disposed
under the stage 31 1is disposed in the chamber 30. The
storage 39 can be raised and lowered by a ball screw 36. A
line sensor 32 for detecting the orientation of the
consumable member and a motor 38 for driving the ball screw
36 are installed in the machine room 40. A window 41 made
of quartz or the like is disposed between the chamber 30 and
the machine room 40 so that the line sensor 32 can receive
light from a light emitting unit 33 to be described later.

The consumable member is placed on the stage 31.
Further, the stage 31 has the light emitting unit 33 facing

the 1line sensor 32. The stage 31 can be rotated in a ©
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direction by the rotating unit that is installed directly
below a substrate support surface and configured to rotate
the consumable member such as the edge ring 50 placed
thereon in a predetermined direction. In other words, the
stage 31 performs a positional alignment of the edge ring 50.
The positional alignment 1is performed by setting the
orientation flat (OF) of the edge ring 50 in a predetermined
direction. Alternatively, the positional alignment may be
performed by aligning a center position of the edge ring 50.
The stage 31 is an example of the substrate support and the
rotating unit. In the following description, the edge ring
50 will be described as an example of the consumable member.
The line sensor 32 detects the amount of light emitted
from the light emitting unit 33 to be described later and
outputs the detected amount of light to the controller 100.
Based on the fact that the detected amount of light wvaries
depending on whether or not the orientation flat of the edge
ring 50 exists, the controller 100 detects the orientation
flat of the edge ring 50. Based on the detection of the
orientation flat, the controller 100 detects the orientation
of the edge ring 50. The line sensor 32 is, for example, a
line Sensor of a charge coupled device (CCD), a
complementary metal oxide semiconductor (CMOS), or the like.
The case 34 is disposed under the stage 31. A cassette
35 is stored in the case 34. The cassette 35 accommodates

the edge ring 50 therein and can be extracted from the case

-10-
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34. The cassette 35 has the front side facing the storage
module 22 that is opened and the rear side that is opened.
The case 34 and the cassette 35 are examples of the storage
unit.

The storage 39 includes a guide 37 supported by the
ball screw 36 at a side surface thereof, in addition to the
stage 31 and the case 34. The ball screw 36 connects an
upper surface and a bottom surface of the chamber 30 and is
connected to the motor 38 in the machine room 40 while
penetrating through the upper surface of the chamber 30. A
portion where the ball screw 36 penetrates through the upper
surface of the chamber 30 is sealed such that the ball screw
36 is rotatable. The ball screw 36 can move the storage 39
in a wvertical direction (Z-axis direction) while Dbeing
rotated by the motor 38. The ball screw 36 and the motor 38
are examples of an elevating unit.

Fig. 3 1is a <cross-sectional side view showing an
example of the storage module 22 in the first embodiment.
Fig. 3 is a cross-sectional side view of the storage module
22 while the VIM 11lb is disposed on the left side in Fig. 3.
As shown in Fig. 3, the storage module 22 1is connected to
the VIM 11b through the gate valve 23. The fork 120 of the
robot arm 12b of the VIM 1llb can be inserted into the
chamber 30 through the gate wvalve 23. The fork 120 loads
and unloads the edge ring 50 placed thereon into and from

the cassette 35. Further, the fork 120 places the edge ring

-11-
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50 on the stage 31 and receives the edge ring 50 from the
stage 31. A door 42 is opened and closed when the cassette
35 in the chamber 30 is extracted or installed.

The light emitting wunit 43 and a sheet quantity
detection sensor 44 detect the number of the edge rings 50
placed in the cassette 35 while the storage 39 moves the
cassette 35 from the bottom surface side of the chamber 30
to an upper position facing the gate wvalve 23. The light
emitting unit 43 1is, for example, a light emitting diode
(LED), a semiconductor laser, or the like. The sheet
quantity detection sensor 44 detects the amount of 1light
emitted from the light emitting unit 43 and outputs the
detected amount of 1light to the controller 100. The
controller 100 detects the number of edge rings 50 by
measuring the number of times in which the 1light emitted
from the light emitting unit 43 is blocked by the edge ring
50 based on the detected amount of 1light. The sheet
quantity detection sensor 44 is, for example, a photodiode,
a phototransistor, or the like. Further, the sheet quantity
detection sensor 44 may be, for example, a line sensor of a
CCD, a CMOS, or the like.

Fig. 4 is a <cross-sectional side view showing an
example of extracting the cassette from the storage module
22. As shown in Fig. 4, in the case of replacing the edge
ring(s) 50 placed in the cassette 35, the storage 39 1is

moved to the bottom surface side of the chamber 30 in a

-12-
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state where the gate valve 23 is closed. Next, the door 42
is opened and the cassette 35 is extracted from an opening
45. Then, a new cassette 35 where the edge ring(s) 50 to be
replaced is stored is loaded into the case 34 through the
opening 45, and the door 42 is closed.

Next, the stage 31 will be described with reference to
Figs. 5 and 6. Fig. 5 shows an example of the relationship
between the edge ring 50 and the fork 120 on the stage 31.
Fig. 6 shows an example of a state in which the edge ring 50
is placed on the stage 31. The stage 31 includes the light
emitting unit 33, a placement base 60, the rotating unit 61,
support pads 62, and lift pins 63.

The light emitting unit 33 1is disposed to face the
line sensor 32. The light emitting unit 33 is, for example,
an LED, a semiconductor laser, or the like. For example,
when the orientation flat (OF) of the edge ring 50 is
located at the position shown in Fig. 5, the amount of light
emitted from the light emitting unit 33 changes, so that the
orientation flat can be detected. The rotating unit 61 is
disposed on the placement base 60. The support pads 62 are
respectively disposed at tip ends of three arms provided at
the rotating unit 61 to support the edge ring 50 during
rotation. The rotating unit 61 1is rotated by a driving
mechanism (not shown) provided in the placement base 60.
The support pads 62 with the arms rotate as the rotating

unit 61 rotates. There are, e.g., four 1lift pins 63 that

-13-
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are vertically moved by the driving mechanism (not shown)
provided in the placement base 60. In other words, the
rotating unit 61 is disposed directly below the support pads
62 serving as the substrate support on which the edge ring
50 is placed and rotates the support pads 62. The rotating
unit 61, the support pads 62, and the 1lift pins 63 are
disposed at positions where they do not interfere with the
fork 120 when the fork 120 having the edge ring 50 thereon
is located above the stage 31.

<Transfer method>

Next, a transfer method according to the first
embodiment will be described. Fig. 7 is a flowchart showing
an example of a transfer process 1in the first embodiment.
Fig. 7 describes processes from the installation of the
cassette 35 to the receiving of the aligned edge ring 50
using the robot arm 12b.

First, in an initial state, the gate wvalve 23 and the
door 42 of the storage module 22 are closed, and the
pressure 1in the chamber 30 is adjusted by N, gas. The
controller 100 prepares replacement of the cassette 35 (step
S1). Specifically, the controller 100 moves the storage 39
to a lowest position in the chamber 30. The controller 100
stops the supply of N, gas to the chamber 30, evacuates the
chamber 30, and introduces the atmosphere into the chamber
30. Then, the controller 100 turns off a power of a

driving system to unlock the door 42.

-14-
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An operator opens the door 42 and replaces the
cassette 35. When the door 42 is closed and a predetermined
manipulation is performed by the operator, the controller
100 determines that the replacement of the cassette 35 is
completed (step S2).

When the replacement of the cassette 35 is completed,
the controller 100 locks the door 42 and moves the storage
39 to a first position located at an upper portion of the
chamber 30 (step S3). For example, the controller 100 moves
the cassette 35 in the storage 39 to the first position that
is, for example, a position facing the gate wvalve 23. While
the storage 39 1is moved, the controller 100 detects the
presence of the cassette 35 in the storage 39 and further
detects the number of edge rings 50 using the sheet quantity
detection sensor 44. Here, the sheet quantity detection
sensor 44 may also detect the presence of the cassette 35,
or a detection micro-switch may be provided in the case 34
to detect the presence of the cassette 35. Further, a
sensor may be provided 1in the <case 34 to detect the
protrusion of the edge ring 50 from the cassette 35.

When the storage 39 is moved up to the first position
located at the wupper portion of the chamber 30, the
controller 100 evacuates the chamber 30 and introduces Ny
gas to adjust a pressure therein (step S4).

The controller 100 opens the gate wvalve 23 and inserts

the fork 120 of the robot arm 12b into the chamber 30. The

-15-



10

15

20

25

robot arm 12b receives the edge ring 50 from the cassette 35
using the fork 120 and is temporarily retreated to the VTM
11b (step S5). The controller 100 may close the gate valve
23 after the robot arm 12b receiving the edge ring 50 1is
retreated to the VIM 1lb.

Fig. 8 shows an example of a state in which the fork
120 receives the edge ring 50 from the cassette 35. Fig. 8
shows a state in which the edge ring 50 is received by the
fork 120 in step S5. In the example of Fig. 8, the movement
of the storage 39 is stopped at the first position where the
edge ring 50 can be received from a lower cassette 35
between the cassettes 35 stacked in two stages in the case
34. Further, in Fig. 8, the fork 120 and the edge ring 50
are passing through the gate wvalve 23 to retreat to the VIM
11b. The first position 1is wvariable in the wvertical
direction depending on the position of the edge ring 50 in
the cassette 35.

Referring back to Fig. 7, when the fork 120 and the
edge ring 50 are retreated to the VTM 11b, the controller
100 moves the storage 39 to a second position located at a
lower portion of the chamber 30 (step S6). For example, the
controller 100 moves the storage 39 to the second position
that is, for example, a position where the substrate
supporting surface of the stage 31 faces the gate valve 23.
In a case where the gate wvalve 23 1is being closed, the

controller 100 opens the gate valve 23 after the storage 39

-16-



10

15

20

25

is moved to the second position.

When the storage 39 is moved up to the second position,
the controller 100 inserts the fork 120 and the edge ring 50
retreated to the VIM 1lb into the chamber 30. The robot arm
12b places the edge ring 50 on the fork 120 on the stage 31
(step S7).

Fig. 9 shows an example of a state in which the fork
120 places the edge ring 50 on the stage 31. Fig. 9 shows a
state in which the edge ring 50 on the fork 120 is placed on
the stage 31 in step S7. In the example of Fig. 9, the fork
120 is retreating to the VTM 1llb in a state where the edge
ring 50 is placed on the stage 31.

Referring back to Fig. 7, the controller 100 moves the
storage 39 to a third position located at an upper portion
of the chamber 30 after the fork 120 of the robot arm 12b 1is
retreated to the VIM 11lb (step S8). The third position is
an example of an alignment position and may be the position
shown in Fig. 2, for example. The controller 100 may close
the gate valve 23 after the fork 120 is retreated to the VTM
11b.

At the third position, the controller 100 performs the
positional alignment of the edge ring 50 by rotating the
stage 31 while measuring the amount of light emitted from
the light emitting unit 33 using the line sensor 32 (step
S9) . In other words, the controller 100 rotates the edge

ring 50 1in a ©predetermined direction based on the
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orientation of the edge ring 50 detected by the line sensor
32. When the positional alignment of the edge ring 50 1is
completed, the controller 100 moves the storage 39 to the
second position located at the lower portion of the chamber
30 (step S10). In a case where the gate valve 23 is being
closed, the controller 100 opens the gate valve 23 after the
storage 39 is moved to the second position.

When the storage 39 moves to the second position, the
controller 100 inserts the fork 120 retreated to the VIM 1l1b
into the chamber 30. The robot arm 12b receives the edge
ring 50 from the stage 31 using the fork 120 (step S11).
The controller 100 closes the gate wvalve 23 and transfers
the edge ring received by the robot arm 12b to a
predetermined PM 13. In this manner, it 1s possible to
perform the positional alignment and the transfer of the
consumable member such as the edge ring 50 in the storage
module 22 having a reduced footprint.

(Second Embodiment)

In the first embodiment, the rotating unit is disposed
in the stage 31 to perform the positional alignment by
rotating the edge ring 50. However, a placement base to
which the substrate support, the storage wunit, and the
elevating unit are fixed may be rotated. Such an embodiment
will be described as a second embodiment. Like reference
numerals will be given to like parts of the first embodiment,

and the description of redundant components and operations
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thereof will be omitted.

<Configuration of storage module 22a>

Fig. 10 1is a cross-sectional front view showing an
example of a storage module 22a according to the second
embodiment. The storage module 22a shown 1in Fig. 10
includes a chamber 70 and a machine room 90, instead of the
chamber 30 and the machine room 40 of the storage module 22
of the first embodiment. The storage module 22a further
includes a stage 71, an image sensor 72, a ball screw 76, a
motor 78, and a storage 79, instead of the stage 31, the
line sensor 32, the ball screw 36, the motor 38, and the
storage 39. The storage module 22a further includes a
placement base 73 provided with the ball screw 76 and the
motor 78 on a bottom surface of the chamber 70. Further,
the storage 79 has the stage 71 and the case 34.

The stage 71 is an example of the substrate support
and is fixed to the case 34. Unlike the stage 31 of the
first embodiment, the stage 71 1s not rotated by itself.
The image sensor 72 1is installed in the machine room 90 to
capture an image of the edge ring 50 placed on the stage 71
through a window 81 made of quartz or the like. The image
sensor 72 outputs the captured image to the controller 100.
The controller 100 detects the orientation flat of the edge
ring 50 based on the captured image. The image sensor 72 is,
for example, a camera using a sensor such as a CCD, a CMOS,

or the like.
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The placement base 73 has an upper base 74 and a lower
base 75. The upper base 74 is provided with the motor 78
that is connected to the ball screw 76. The upper base 74
is rotatable in the 6 direction on the lower base 75. The
lower base 75 is fixed to the bottom surface of the chamber
70, and the upper base 74 is rotated by a built-in motor
(not shown) . In other words, the placement base 73 is an
example of the rotating unit. The ball screw 76 extends
from the upper base 74 to the upper surface of the chamber
70 and has an upper portion that is not fixed so as to be
movable in the chamber 70. The upper portion of the ball
screw 76 may be movable along a guide rail (not shown)
disposed on the upper surface of the chamber 70. The ball
screw 76 can move the storage 79 in the vertical direction
(Z-axis direction) through the guide 37 while being rotated
by the motor 78. The ball screw 76 and the motor 78 are
examples of the elevating unit.

In the storage module 22a, in order to perform the
positional alignment of the edge ring 50 placed on the stage
71, the stage 71 1is rotated by rotating the upper base 74.
Accordingly, as 1in the first embodiment, it is possible to
perform the positional alignment and the transfer of the
consumable member such as the edge ring 50 in the storage
module 22a having a reduced footprint.

In accordance with the above-described embodiments,

each of the storage modules 22 and 22a includes the
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substrate support, the sensor, the rotating wunit, the
storage unit, and the elevating unit. The consumable member
(the edge ring 50) is placed on the substrate support (the
stage 31 or 71). The sensor (the line sensor 32 or the
image sensor 72) detects the orientation of the consumable
member. The rotating unit (the stage 31 or the placement
base 73) rotates the consumable member in a predetermined
direction based on the orientation of the consumable member
detected by the sensor. The storage unit (the case 34 and
the cassette 35) is disposed under the substrate support and
stores the consumable member (s). The elevating unit (the
ball screw 36 or 76, and the motor 38 or 78) wvertically
moves the storage unit. Accordingly, the substrate support,
the rotating unit, and the storage unit can be integrated,
which makes it possible to reduce the footprint of the
storage module.

In accordance with the first embodiment, the rotating
unit 1is disposed directly below the substrate support and
rotates the substrate support. Accordingly, the position of
the consumable member such as the edge ring 50 can be
aligned.

Further, in accordance with the first embodiment, the
elevating unit vertically moves the substrate support, the
rotating unit, and the storage unit. Accordingly, the edge
ring stored 1in the storage wunit can be moved to the

substrate support.
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In accordance with the second embodiment, the rotating
unit rotates the placement base to which the substrate
support, the storage unit, and the elevating unit are fixed.
Accordingly, the position of the consumable member such as
the edge ring 50 can be aligned.

Further, in accordance with the above-described
embodiments, the consumable member is at least one selected
among the edge ring, the cover ring and the upper electrode.
Accordingly, each consumable member to be replaced can be
stored, aligned, and transferred.

Further, in accordance with the first embodiment, the
sensor 1s a line sensor. Accordingly, the orientation of
the consumable member such as the edge ring 50 can be
detected.

Further, in accordance with the second embodiment, the
sensor is an image sensor. Accordingly, the orientation of
the consumable member such as the edge ring 50 can be
detected.

Further, in accordance with the above-described
embodiments, the elevating unit is a ball screw.
Accordingly, the heights of the substrate support and the
storage unit can be controlled with high accuracy.

Further, in accordance with the first embodiment, the
controller 100 executes a method of transferring the
consumable member (the edge ring 50) in the storage module

22. The controller 100 executes a step of moving the
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storage unit (the cassette 35) where the consumable members
are stored to the position facing the gate wvalve 23 in a
state where the door 42 and the gate valve 23 of the storage
module 22 are closed. Then, the controller 100 executes a
step of evacuating the storage module 22 (chamber 30) and
adjusting a pressure therein using a purge gas. Then, the
controller 100 executes a step of opening the gate valve 23
and receiving the consumable member from the storage unit by
the wvacuum transfer robot (the robot arm 12b). Then, the
controller 100 executes a step of moving the substrate
support (the stage 31) disposed on or above the storage unit
to the position facing the gate wvalve 23. Then, the
controller 100 executes a step of placing the consumable
member received by the vacuum transfer robot on the
substrate support. The, the controller 100 executes a step
of moving the substrate support to the alignment position
and rotating the consumable member to perform the positional
alignment. Then, the controller 100 executes a step of
moving the substrate support to the position facing the gate
valve. Then, the controller 100 executes a step of
receiving the consumable member from the substrate support
by the wvacuum transfer robot. Accordingly, it is possible
to perform the positional alignment and the transfer of the
consumable member such as the edge ring 50 in the storage
module 22 having a reduced footprint.

The presently disclosed embodiments are considered in

-23-
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all respect to be illustrative and not restrictive. The

above-described embodiments can be embodied in various forms.
Further, the above-described embodiments may be omitted,

replaced, or changed in various forms without departing from
the scope of the appended claims and the gist thereof.

Although the stage 71 is disposed in the storage 79 in
the second embodiment, the present disclosure is not limited
thereto. For example, 1lift pins may be disposed at an upper
portion of the case 34 of the storage 79, and the edge ring
50 may be placed on the case 34 and rotate together with the
upper base 74. Further, the upper surfaces of the case 34
and the cassette 35 may be made of transparent members, and
the orientation of the edge ring 50 accommodated in the
uppermost portion of the cassette 35 may be rotated by the
rotation of the upper base 74.

Although the stages 31 and 71 are fixed to the case 34
in the above-described embodiments, the present disclosure
is not limited thereto. For example, the stages 31 and 71
and the case 34 may be separated and individually moved up
and down.

While certain embodiments have been described, these
embodiments have been presented by way of example only, and
are not 1intended to 1limit the scope of the disclosures.
Indeed, the embodiments described herein may be embodied in
a variety of other forms. Furthermore, wvarious omissions,

substitutions and changes in the form of the embodiments
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described herein may be made departing from the spirit of
the disclosures. The accompanying claims and their
equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit of

the disclosures.
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CLAIMS

1. A storage module comprising:

a substrate support on which a consumable member is
placed;

a sensor to detect an orientation of the consumable
member;

a rotating unit to rotate the consumable member in a
predetermined direction based on the orientation of the
consumable member detected by the sensor;

a storage unit disposed under or below the substrate
support to store the consumable member; and

an elevating unit to vertically move the storage unit.

2. The storage module of claim 1, wherein the rotating
unit 1is disposed directly below the substrate support to

rotate the substrate support.

3. The storage module of claim 2, wherein the elevating
unit wvertically moves the substrate support, the rotating

unit, and the storage unit.

4. The storage module of claim 1, wherein the rotating

unit rotates a placement base to which the substrate support,

the storage unit, and the elevating unit are fixed.
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5. The storage module of any one of claims 1 to 4,
wherein the consumable member is at least one selected among

an edge ring, a cover ring, and an upper electrode.

6. The storage module of any one of claims 1 to 5,

wherein the sensor is a line sensor.

7. The storage module of any one of claims 1 to 5,

wherein the sensor is an image sensor.

8. The storage module of any one of claims 1 to 7,

wherein the elevating unit is a ball screw.

9. A substrate processing system comprising:

one or more process modules to process a substrate;

a loader module connected to a port on which a
cassette accommodating the substrate is mounted and having
an atmospheric transfer robot to transfer the substrate;

at least one load-lock module connected to the loader
module and having an 1inner pressure switched between a
vacuum state and an atmospheric pressure;

at least one transfer module connected to the load-
lock module and having a wvacuum transfer robot to transfer
the substrate to the process modules; and

a storage module connected to the transfer module,

wherein the storage module includes:
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a substrate support on which a consumable member 1is
placed;

a sensor to detect an orientation of the consumable
member;

a rotating unit to rotate the consumable member in a
predetermined direction based on the orientation of the
consumable member;

a storage unit that is disposed below the substrate
support and stores the consumable member; and

an elevating unit to vertically move the storage unit.

10. A method of transferring a consumable member in a
storage module, comprising:

moving a storage unit, in which the consumable member
is stored, to a position facing a gate valve of the storage
module in a state where a door and the gate wvalve of the
storage module are closed;

evacuating the storage module and adjusting a pressure
in the storage module using a purge gas;

opening the gate valve and allowing a vacuum transfer
robot to receive the consumable member from the storage unit;

moving the substrate support disposed on or above the
storage unit to the position facing the gate valve;

placing the consumable member received by the wvacuum
transfer robot on the substrate support;

moving the substrate support to an alignment position
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and performing a positional alignment Dby rotating the
consumable member;

moving the substrate support to the position facing
the gate valve; and

allowing the vacuum transfer =zrobot to receive the

consumable member from the substrate support.
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