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SHUTTER DISK SYSTEM

BACKGROUND
Field

[0001] Embodiments described herein generally relate to substrate
processing and, more particularly, to a substrate processing module and a

method of moving a workpiece.
Description of the Related Art

[0002] Conventional cluster tools are configured to perform one or more
processes during substrate processing. For example, a cluster tool can include
a physical vapor deposition (PVD) chamber to perform a PVD process on a
substrate. Cluster tools may use transfer systems to move substrates between a
process chamber of a plurality of process chambers within the cluster tool. For
example, carousel systems with multiple arms are used to grasp and or support
either substrates or shutter discs. Rotating the carousel system moves the
workpieces in and out of the various processing chambers or processing
positions within the cluster tool. The carousel typically has different arms that
each include a different form and function, depending on the desired workpiece

to be grasped or supported.

[0003] In a PVD process, for example, for depositing dielectric materials, a
conductive material coating may be applied (e.g., pasted) on inner surfaces of a
PVD chamber to minimize particle formations in the inner surfaces of the
chamber. During such pasting processes, chamber components need to be
protected from deposition of the pasting material via a protective disc (also
referred to as a shutter disk). However, one conventional disadvantage while
processing substrates in multiple PVD chambers in a single cluster tool system
relates to reduced mechanical throughput of the system as time must be allowed
for ramping up, performing and ramping down each deposition process and each

pasting process.

[0004] The process chambers and the substrate transfer system of the

processing system is held at vacuum pressure during processing. However,
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conventional places used to store shutter disks are often located in expensive
real-estate regions of the cluster tool, such as the high vacuum portions of the
cluster tool. The need for this extra space to house the shutter disks within the
high vacuum regions of the system increase the size and footprint of the system
which greatly increases the system cost and amount of the fab space used to

house the system.

[0005] Accordingly, there exists a need for further improvements in systems
and methods that utilize shutter disks as part of a deposition sequence performed
within a cluster tool. There is also a need to a system and methods that overcome

the various challenges described above.

SUMMARY

[0006] The present disclosure provides shutter disk systems. The shutter disk
systems include a body including a plurality of faces, a base, and a top. The body
includes an interior volume. The interior volume includes an interlock region
configured to receive at least one shutter disk. The interior volume includes an
operation region adjacent to the interlock region, where the operational region is
separate from the interlock region by an isolator plate. A shutter disk stack is
disposed in the operational region. The shutter disk stack includes at least a
storage rack configured to receive two or more shutter disks. A first door is
disposed on a face of the plurality of faces proximal to the operational region. A
second door is disposed proximal to the interlock region. A third door is disposed

proximal to a portion of the interlock region and a portion of the operational region.

[0007] The present disclosure also provides substrate processing systems.
The substrate processing systems include two or more process stations. A factory
interface is coupled to the two or more process stations. A shutter disk system is
coupled to the factory interface. The factory interface is disposed between the
two or more process stations and the shutter disk system. The shutter disk system
includes a body including a plurality of faces, a base, and a top. The body includes
an interior volume. The interior volume includes an interlock region configured to
receive at least one shutter disk. The interior volume includes an operation region

adjacent to the interlock region, where the operational region is separate from the
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interlock region by an isolator plate. A shutter disk stack is disposed in the
operational region. The shutter disk stack includes at least a storage rack
configured to receive two or more shutter disks. A first door is disposed on a face
of the plurality of faces proximal to the operational region. A second door is
disposed proximal to the interlock region. A third door is disposed proximal to a

portion of the interlock region and a portion of the operational region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of embodiments
of the present disclosure can be understood in detail, a more particular
description of the disclosure, briefly summarized above, may be had by reference
to embodiments, some of which are illustrated in the appended drawings. Itis to
be noted, however, that the appended drawings illustrate only typical
embodiments of this disclosure and are therefore not to be considered limiting of

its scope, for the disclosure may admit to other equally effective embodiments.

[0009] Figure 1 illustrates a top schematic view of an example substrate

processing system, in accordance with embodiments of the present disclosure.

[0010] Figures 2A and 2B illustrate side views of a portion of an example
station of the substrate processing system of Figure 1, in accordance with

embodiments of the present disclosure.

[0011]  Figure 3A illustrates an example carrier that includes a base and
magnetic levitation elements, in accordance with embodiments of the present

disclosure.

[0012]  Figure 3B illustrates an example carrier that includes magnetic levitation

elements, in accordance with embodiments of the present disclosure.

[0013]  Figure 4A illustrates a perspective view of a shutter disk system, in

accordance with embodiments of the present disclosure.

[0014] Figure 4B illustrates a perspective view of a shutter disk system, in

accordance with embodiments of the present disclosure

[0015] Figure 4C illustrates a cross-sectional view of a shutter disk system, in

accordance with embodiments of the present disclosure.
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[0016] Figure 5 illustrates a cross-sectional view of a substrate processing
system having a shutter disk system, in accordance with embodiments of the

present disclosure.

[0017] Figure 6 illustrates a method workflow of processing a substrate, in

accordance with embodiments of the present disclosure.

[0018] Figures 7A and 7B illustrates top schematic views of an example
substrate processing system having a first processing line and a second
processing line, in which embodiments of the present disclosure may be

implemented.

[0019] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements disclosed in one embodiment may be

beneficially utilized on other embodiments without specific recitation.
DETAILED DESCRIPTION

[0020] Embodiments of the present disclosure generally relate to substrate
transfer systems, including the use of a shutter disk system that stores one or
more shutter disks under vacuum during operation. The shutter disk system can
be mounted to a load port location of a factory interface of the substrate transfer
system. The shutter disk system allows for routine maintenance and switching
of shutter disks without the need to break vacuum. The shutter disk system can
be utilized to enable a plurality of deposition processes to be performed within
the system (e.g., cluster tool) before the vacuum portions of the system will need
to be maintained. Overall, the substrate transfer system of the present disclosure
allows for routine maintenance to be performed on one or more shutter disks
without the need to break vacuum or extended the length of pump down sessions,

reducing costs.

Substrate Processing System Example

[0021] Figure 1 illustrates a top schematic view of an example substrate
processing system 100, in which embodiments of the present disclosure may be
implemented. The substrate processing system 100 includes a controller 101

and one or more processing lines 102.
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[0022] The one or more processing lines 102 each include a plurality of
stations, as illustrated in Figure 1. In one example, the processing line 102
illustrated on the right side of Figure 1 includes at least four processing stations
112,113, 116 and 117, the processing line 102 illustrated on the left side of Figure
1 includes at least four processing stations 112, 113, 116 and 117. However,
processing stations 111, 114 and 115 may also be configured to perform one or
more substrate processing processes. Each processing line 102 may include a
magnetic transportation system (not shown) that include a plurality of individual
magnetic levitation assemblies disposed within the stations 111-118 that are
configured to convey an object 140 (Figure 3A) disposed on a carrier 130 (Figures
2A-2B and 3A-3B) through the processing line 102. Each processing line 102
may be independent of other processing lines 102. The processing lines 102
may be physically separated by one another by a gap 103. The gap 103 may be
sized such that a technician may walk between each processing line 102 to

service the one or more stations 111-118.

[0023] Each processing line 102 may include a plurality of slit valves 160 to
selectively isolate each station 111-118. The slit valves 160 may be selectively
opened and closed to allow a clear path for the travel of the carrier 130, to
selectively isolate the stations 111-118 from one another, and to facilitate the

pressurization or depressurization of the stations 111-118.

[0024] The substrate processing system 100 may be used to process multiple
substrates in each processing line 102 to produce a desired fabricated substrate.
In some cases, the substrate processing system 100 may include a plurality of
physical vapor deposition (PVD) processing chambers. For example, the first
station 111 may be a first load lock station, the second station 112 may be a
degas station, the third station 113 may be a pre-clean station, the fourth station
114 may be a routing station, the fifth station 115 may be a routing station, the
sixth station 116 may be a PVD tantalum nitride deposition station, the seventh
station 117 may be a PVD copper deposition station, and the eighth station 118
may be a routing station that also serves as a buffer station. An object 140 (e.g.,
substrate) may be transferred and processed within each process station 112-

113 and 116-117. The magnitude of a vacuum within each station 111-118 may



WO 2025/111051 PCT/US2024/047197

increase from station to station. For example, the magnitude of the vacuum in
the seventh station 117 may exceed the magnitude of a vacuum in the other

stations (e.g., stations 111-116 and 118).

[0025] The first station 111 (e.g., load lock station) may have a magnetic
levitation assembly 120 (not shown), which includes one or more magnetic
levitation actuation assemblies 120A that include a plurality of linear stators 230
(Figure 2B) and optionally a plurality of sensors 270. As will be discussed further
below, the stations 111-118 will each typically include two or more magnetic
levitation actuation assemblies 120A that are spaced apart within each of the
stations 111-118 to support the carrier 130 as the carrier 130 is transferred
through the station. The stations 112-113 and 116-117 (e.g., process stations)
may each have a magnetic levitation assembly 120 (not shown). The fourth
station 114, fifth station 115, and eighth station 118 (e.g., routing stations) may

each have a magnetic levitation assembly 120.

[0026] The magnetic levitation assembly 120 of the first station 111 and the
magnetic levitation assembly 120 of the eighth station 118 may cooperate to
change the transfer direction (e.g., X-direction to Y-direction) of the carrier 130
within the substrate processing system 100. Additionally, the magnetic levitation
assembly 120 of the fourth station 114 and the magnetic levitation assembly 120
of the fifth station 115 may cooperate to change the transfer direction of travel of

the carrier 130.

[0027] Figures 1, 2A, 2B, 3A, and 3B include an X-Y-Z coordinate system to
illustrate the transfer directions of the carrier 130, shutter disk 172, and/or object
140 through the substrate processing system 100, as well as the orientation of
the carrier (e.g., carrier 130, 300A, 300B). The arrows illustrate the direction that
one or more carriers 130 circulate within the processing line 102. During an
example processing operation, a handler is positioned in a factory interface 124,
the handler is positioned to transfer an object 140 or a shutter disk 172 from one
or more front opening unified pods (FOUPS) 126 or a shutter disk system 170 to

the carrier 130. The carrier 130 receives the object 140 or a shutter disk 172
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entering the first station 111 in the X-direction from the handler and is

subsequently conveyed to the second station 112 in the X-direction.

[0028] The first station 111 also receives the carrier 130 from the eighth
station 118 in the Y-direction. After the carrier 130 is conveyed into the second
station 112, the carrier 130 is conveyed to the fourth station 114 through the third
station 113 in the X-direction. The carrier 130 is then conveyed from the fourth
station 114 to the fifth station 115 in the Y-direction. The carrier 130 is then
conveyed from the fifth station 115 to the eighth station 118 in the negative X-
direction through the stations 116-117. The carrier 130 is then conveyed in the
Y-direction back into the first station 111. Where the carrier is carrying an object
140, the now fabricated object 140 may then be transferred back to the FOUP
126 via the handler. Where the carrier is carrying a shutter disk 172, the shutter
disk 172 may be transferred back to the shutter disk system 170 via the handler.
Another object 140 or shutter disk 172 may then be placed onto the carrier 130

in the first station 111 for another processing operation.

[0029] In some embodiments of the substrate processing system 100, the
processing line 102 has a non-deposition portion 133 and a deposition portion
134. The non-deposition portion 133 may include a linear arrangement of
stations, such as the first station 111, the second station 112, the third station
113, and the fourth station 114, that do not subject the object 140 or shutter disk
172 to a process that deposits a layer on the object 140 or shutter disk 172. After
the object 140 or shutter disk 172 passes through the non-deposition portion 133,
the object 140 or shutter disk 172 is conveyed into the deposition portion 134 that
may be a linear arrangement of stations, such as the fifth station 115, the sixth
station 116, the seventh station 117, and the eight station 118, that includes at
least one station that deposits at least one layer the object. For example, the
non-deposition portion 133 includes the first station 111 that is a first load lock,
the second station 112 that is a degas station, the third station 113 that is a pre-
clean station, and the fourth station 114 that is a routing station. The deposition
portion 134 includes the fifth station 115 that is a routing station, the sixth station

116 that is a tantalum nitride deposition station, the seventh station 117 that is a
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copper deposition station, and the eighth station 118 that is a routing station that

also serves as a buffer station.

[0030] Figures 2A and 2B illustrate side views of a portion 200 of an example
process station (e.g., stations 112-113 and 116-117) of the substrate processing
system 100 of Figure 1, in which embodiments of the present disclosure may be
implemented. The example process station, which may be the process station
112-113, 116-117 described above, may be referred to herein as simply the
process station 205 for clarity. The process station 205 may be configured for
contactless transportation of the carrier 130. The process station 205 may
include a processing chamber that is maintained at a vacuum pressure, such that
the processing region of the chamber is at a pressure that is less than 760 Torr,
or even at a pressure between 1 milliTorr (mTorr) and 500 Torr. The process
station 205 may be configured for contactless transportation of the carrier 130 in
a vacuum chamber disposed below the processing chamber, or also referred to

herein as a processing station.

[0031] The carrier 130 may be configured to carry one or more objects 140.
For example, the carrier 130 may be a substrate carrier, a shutter disk carrier or
a mask carrier. The carrier 130 may also be configured to transport process kit
component parts. The carrier 130 may be transported in the X-direction or
negative X-direction, as illustrated in Figure 2A. The carrier 130 may also be
transported in the Y-direction or negative Y-direction, as described above. In
some cases, the object 140 or shutter disk 172 may be carried below the carrier

130 during transport, as illustrated in Figures 3A and 3B.

[0032] The carrier 130 includes one or more magnetic levitation elements 240
that allow the carrier 130 to be levitated and transported through the process
station 205. The magnetic levitation element 240 may be a track in the X-direction
or the Y-direction. The magnetic levitation element 240 may be a substantially
straight magnetic levitation element 240, or may at least include one or more
straight portions that allow the carrier 130 to be contactlessly transported through
the substrate processing system 100. The magnetic levitation element 240 may
define a transportation direction (or transport direction), along which the carrier

130 is contactlessly transported. In one example, as illustrated in Figure 2A, the

8
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carrier 130, which includes one or more magnetic levitation elements 240, is
transferred through the process station 205, and to and from other adjacent
process stations 205 (not shown), by magnetic levitation, without the carrier 130

contacting the walls or components within the processing station 205.

[0033] As illustrated in Figure 2A, the process station 205 includes a magnetic
levitation assembly 120 that includes a plurality of magnetic levitation actuator
assemblies 120A. The magnetic levitation actuator assemblies 120A will each
include a plurality of linear stators 230. For example, a magnetic levitation
actuator assembly 120A may include two or more, three or more, five or more, or
10 or more linear stators 230, depending on the desired length of the magnetic
levitation elements 240, which is often referred to herein as a magnetic levitation
element 240. Alternatively, the magnetic levitation actuator assemblies 120A of
the magnetic levitation assembly 120 may include one elongated linear stator 230
extending along the entire length of a magnetic levitation element 240. The
number of linear stators 230 shown in Figures 2A and 2B are examples, and a

greater or lesser number of linear stators 230 may be used.

[0034] The linear stator 230 may be arranged to guide a corresponding
magnetic levitation element 240 of the carrier 130, which is disposed underneath
the linear stator 230. For example, a plurality of linear stators 230 may be
disposed one after the other in a row, such as shown in Figure 2A, extending in
the X and/or Y-direction. The one or more linear stators 230 may be configured
to remain stationary during contactless transportation of the carrier 130 along the
magnetic levitation element 240 since the one or more linear stators 230 are

coupled to a wall (e.g., top wall or side wall) of the process station 205.

[0035] The one or more linear stators 230 may include a plurality of stator
poles 232, such as 2, 4, 6, 8 or more stator poles 232, as illustrated in Figure 2B.
The number of stator poles 232 shown in Figures 2A and 2B are examples, and
a greater or lesser number of stator poles 232 may be used. The stator poles
232 may be protrusions, or teeth, that may project towards the carrier 130 and/or
towards a magnetic levitation element 240 attached to the carrier 130. The

plurality of stator poles 232 may define at least one comb structure. In some
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embodiments, a linear stator 230 may include two comb structures, each having

a plurality of stator poles 232.

[0036] The magnetic levitation assembly 120, which includes the one or more
linear stators 230, and the stator poles 232, may include, or be made of, a
magnetic material, more specifically a ferromagnetic material. The magnetic
material may be a non-permanent, or soft, magnetic material. The magnetic
material may be a metal, such as electrical steel, silicon steel, ferritic steel,

martensitic steel, or any other soft magnetic material.

[0037] The magnetic levitation element(s) 240 of the carrier 130 may include,
or be made of, a magnetic material, such as a ferromagnetic material. The
magnetic material may be a non-permanent, or soft, magnetic material. The
magnetic material may be a metal, such as electrical steel, silicon steel, ferritic

steel, martensitic steel, or any other soft magnetic material.

[0038] In some embodiments, as shown in Figure 2A, the carrier 130 may be
levitated and contactlessly transported in the X or Y-direction through the
substrate processing system 100, for example when the carrier 130 is a substrate
carrier for a large area substrate or a mask carrier carrying a mask for a large
area substrate. The magnetic levitation element 240 is coupled to a portion of
the top of the carrier 130, as illustrated. The magnetic levitation assembly 120,

or at least a portion thereof, may be disposed above the carrier 130.

[0039] The carrier 130 is configured to be levitated and transported along the
length of the magnetic levitation assembly 120 by use of the one or more linear
stators 230 of the magnetic levitation assembly 120 that remain stationary within
the process station 205. During contactless levitation and/or transportation of the
carrier 130, the magnetic levitation element 240 faces at least one linear stator
230. The magnetic levitation element 240 may respectively face different linear
stators 230 as the carrier 130 is transported along the magnetic levitation element
240.

[0040] The magnetic levitation element 240 may include an array of features

250. Any number of features 250 may be formed within an array of features 251.

10
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The features 250 may be protrusions, or teeth, that may project towards at least
one linear stator 230 of the opposing magnetic levitation actuation assembly
120A. The raised segments of features 250, which include a magnetic material,
may define a comb-like structure as illustrated in Figures 2B and 3A-3B. Each
magnetic levitation element 240 may also include a featureless portion 260
adjacent to each array of features 250. The featureless portion 260 may span
the same or part of the length of the array of features 251. The featureless portion
260 may be substantially flat (e.g., a flat surface) that the sensors 270 uses to
measure and/or or detect a position of the carrier 130 during contactless levitation

and/or transportation.

[0041]  According to some embodiments, the one or more linear stators 230 of
the magnetic levitation assembly 120 include a set of electromagnets. In light
thereof, the one or more linear stators 230 are active magnetic systems that can
provide an adjustable, controllable magnetic field. For example, each stator pole
232 of the linear stator 230 may include an electromagnet. The electromagnet
may include a respective coil wound around each stator pole 232. Different
winding schemes for winding the coils around each stator pole 232 may be
provided. For example, the coils may be wound vertically, in that the coils are
wound from top to bottom (clockwise) or from bottom to top (counter-clockwise).
In some embodiments, the magnetic levitation element 240 may not include an
electromagnet. The magnetic levitation element 240 may be a magnetically
passive system, wherein the magnetic levitation element 240 is formed from a
ferromagnetic material, without any electromagnets mounted thereon. In some
embodiments, the magnetic levitation element 240, or at least the features 250
formed thereon, include a ferromagnetic material such as a material selected
from a group comprising transition metals (e.g., iron, nickel, cobalt) and their
alloys, and alloys of rare-earth metals. In one example, the magnetic levitation
element 240 includes a ferritic stainless steel, such as a 409, 430 and 439
stainless steel. The magnetic levitation element 240 may also include an

electrical steel, silicon steel, martensitic steel, or any other soft magnetic material.

[0042] In some embodiments, the magnetic levitation assembly 120 includes

two parallel magnetic levitation actuator assemblies 120A running in the X-

11



WO 2025/111051 PCT/US2024/047197

direction configured to levitate carrier 130 and convey the carrier 130 in either the
positive or negative X-direction. The carrier 130 similarly includes two parallel
magnetic levitation elements 240 running in the X-direction. Each magnetic
levitation element 240 is positioned on the carrier 130 to be directly underneath
the one or more linear stators 230 of a respective magnetic levitation actuator
assembly 120A running in the X-direction when the carrier is being conveyed in
the X-direction. Additionally, the magnetic levitation assembly 120 may also
include two parallel magnetic levitation actuator assemblies 120A running in the
Y-direction configured to levitate the carrier 130 and convey the carrier 130 in
either the positive or negative Y-direction. The carrier 130 similarly includes two
parallel magnetic levitation elements 240 running in the Y-direction. Each
magnetic levitation element 240 is positioned on the carrier 130 to be directly
underneath the one or more linear stators 230 of a respective magnetic levitation
actuator assembly 120A running in the Y-direction when the carrier 130 is being
conveyed in the Y-direction. As the carrier 130 moves in the Y-direction, the
magnetic levitation elements 240 running in X-direction move out of alignment
with the corresponding magnetic levitation actuator assemblies 120A running in
the X-direction. The magnetic levitation actuation assemblies 120A running in
the Y-direction are able to maintain levitation as the carrier 130 is moved in the
Y-direction. The carrier 130 may be conveyed in the Y-direction to another station
(e.g., from the fourth station 114 to the fifth station 115) until the magnetic
levitation elements 240 running in the X-direction become aligned with
corresponding magnetic levitation actuator assemblies 120A running in the X-

direction where the carrier 130 may then be conveyed again in the X-direction.

[0043] The process station 205 may include a controller 150. The controller
150 may be connected to the set of electromagnets of the linear stators 230 for
controlling a current in the electromagnets. The current can be increased to
increase the attraction force of the set of electromagnets to raise the carrier 130
or decreased to lessen the attraction force of the set of the electromagnets to

lower the carrier 130.

[0044] The controller 150 as described herein may be a single centralized

controller or may be a distributed controller including a plurality of individual

12
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control units. The controller 150 may include a central processing unit (CPU), a
memory and, for example, support circuits. To facilitate control of the carrier 130,
the CPU may be one of any form of general-purpose computer processor that
can be used in an industrial setting for controlling various components and sub-
processors. The memory may be coupled to the CPU. The memory, or a
computer readable medium, may be one or more readily available memory
devices such as random-access memory, read only memory, a floppy disk, ahard
disk, or any other form of digital storage either local or remote. The support
circuits may be coupled to the CPU for supporting the processor in a conventional
manner. The circuits in question include cache, power supplies, clock circuits,

input/output circuitry and related subsystems, and the like.

[0045] The one or more linear stators 230 including the electromagnets may,
together with the magnetic levitation element 240, form a linear reluctance motor
for providing both a contactless levitation and a contactless drive of the carrier
130. A linear reluctance motor is configured for providing a linear motion, or
translational motion, of the carrier 130. A linear motor is distinguished from a
rotary motor, which provides a rotational motion. The linear reluctance motor of
the apparatus according to embodiments described herein provides a linear

motion of the carrier 130 along the magnetic levitation assembly 120.

[0046] The process station 205 may include one or more sensors 270 for
measuring or detecting a position of the carrier 130 during contactless levitation
and/or transportation. For example, sensors 270 may be provided on opposite
ends of each linear stator 230. Each sensor 270 may be configured to detect the
presence of the carrier 130. Each sensor 270 may also be configured to measure
a position of the carrier 130, which may include a vertical position and/or a
horizontal position of the carrier 130, for example a horizontal position with
respect to the transportation direction. The sensors 270 may be Hall effect based
sensors, optical sensors, ultrasonic sensors, capacitive sensors, Eddy current
sensors and the like. Each sensor 270 may be connected to the controller 150.
The sensors 270 may also be configured to determine the presence of and/or
size of an object 140 (Figure 3A) being transported by the carrier 130. The

sensors 270 may be high-precision sensors that have a sensor resolution of 100

13



WO 2025/111051 PCT/US2024/047197

Mm or less, particularly 10 um or less. Accordingly, the carrier 130 may be
positioned vertically and/or horizontally in a target position with high precision. In
some embodiments, the sensors 270 are included in the magnetic levitation

assemblies 120.

[0047] The process station 205 according to embodiments described herein
may include one or more sensors 270 for detecting a position of the carrier 130
with respect to a transportation direction of the carrier 130. The controller 150
may be configured to control the reluctance-based drive force in response to a
signal provided by the one or more sensors 270 to position the carrier 130 in a
target position with respect to the transportation direction. The reluctance-based
drive force may be configured to align the carrier 130 along the magnetic
levitation element 240 or transport direction. By controlling amplitude and phase
angle of an AC signal provided to the coils coupled to the stator poles 232, the
dynamic motion characteristics of the magnetic levitation elements 240 and thus
the carrier 130, such as the amount of jerk, acceleration, velocity, and finally

horizontal position can be adjusted and achieved.

Carrier Configuration Examples

[0048] Figure 3A illustrates an example carrier 300A that includes a base 310
and the magnetic levitation elements 240 of Figures 2A and 2B, in accordance
with embodiments of the present disclosure. In some embodiments, the carrier
130 described above may be implemented as the carrier 300A. The carrier 300A
of Figure 3A may be similar to the carrier 130 of Figures 2A-2B, and everything
discussed herein with respect to the carrier 130 may also apply to the carrier
300A.

[0049] In some embodiments, the magnetic levitation element 240 of the carrier
300A may be coupled to the base 310. The carrier 300A may include an array of
legs 320 disposed below and/or coupled to the base 310 or magnetic levitation
element 240. The carrier 300A may also include an opening 330 in the base 310.
The carrier 300A may further include one or more substrate support members
(e.g., support members 342 and 344 (not shown in Figure 3A)) coupled to the
base 310. Although the object 140 is illustrated in Figures 3A and 3B as a

14
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substrate, the carrier 300A may also be configured to carry other objects such as
the shutter disk 172. For example, the carrier may be configured to carry a mask,
shutter disk, process kits parts, or other objects used in semiconductor
processing, as described above. The carrier 130 may also be configured to

transport shutter disks 172 or process kits parts.

[00501 The magnetic levitation elements 240 of the carrier 300A may be
configured to be associated with an Eigen frequency of at least 200 hertz (Hz),
which relates to the inductance associated with the interaction of the magnetic
fields generated by the coils within the linear stators 230 and a magnetic levitation
element 240. An Eigen frequency of at least 200 Hz may enable the controller
150 of the process station 205 to more easily control the levitation and
transportation of the carrier 300A. For example, the thickness of at least a portion
of the magnetic levitation element 240 together with the base 310 in the center of
the carrier 300A may be at least 15-20 mm to enable the carrier 300A to have an

Eigen frequency of at least 200 Hz.

[0051] In some embodiments, the magnetic levitation element 240 may include
or be implemented as one or more rails (e.g., rails 242, 244, 246, 248). The rails
242, 244, 246, 248 may each be aligned in a certain direction relative to the base
310. In some cases, the magnetic levitation element 240 of the carrier 300A may
include a first rail 242 aligned in a first direction (e.g., the X-direction). The
magnetic levitation element 240 may also include a second rail 244 aligned in a
second direction (e.g., the Y-direction). The magnetic levitation element 240 may
also include a third rail 246 aligned in the Y-direction and is aligned parallel to the
second rail 244. The magnetic levitation element 240 may also include a fourth
rail 248 aligned in the X-direction, and is aligned parallel to the first rail 242.
Although the carrier 300A in Figure 3A is illustrated as having four rails 242, 244,
246, 248, however, any number of rails may be used in the carrier 300A. In some
cases, the carrier 300A may include just the first rail 242 aligned in the X-direction
and the second rail 244 aligned in the Y-direction. In some embodiments, the
second rail 244 and the third rail 246 may be considered and/or implemented as

a single rail.
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[0052] The dimensions of the carrier 300A (including the base 310 and the rails
242 244, 246, 248) may be based on at least one of the size of the stations 111-
118, the location of the sensors 270 in the stations 111-118, or the size of the
objects (e.g., the object 140) being transported by the carrier 300A. The
dimensions of the carrier 300A may also be selected to facilitate the stability of
the carrier 300A during transportation of the object(s) 140, as well as ensure the
stability of the carrier 300A when nothing is transported. The carrier 300A may
be also be configured to be large enough to support the object 140 (or multiple
objects 140, as described below) and small enough to pass into, through, and out
of stations (e.g., stations 111-118) of a substrate processing system (e.g.,

substrate processing system 100), as described above.

[0053] The features 250 may be arranged on the rails 242, 244, 246, 248. The
features 250 may also be arrange side by side. As illustrated in Figure 3A, the
array of features 250 of the first rail 242 may be aligned in the X-direction along
a surface of the first rail 242, the array of features 250 of the second rail 244 may
be aligned in the Y-direction along a surface of the second rail 244, the array of
features 250 of the third rail 246 may be aligned in the Y-direction along a surface
of the third rail 246, and the array of features 250 of the fourth rail 248 may be
aligned in the X-direction along a surface of the fourth rail 248. In some
embodiments, the features 250 may be arranged linearly. A gap between each
feature may vary between features 250, or may be the same along the rails 242,
244, 246, 248.

[0054] In some embodiments, the features 250 of the rails 242, 244, 246, 248
may cover a portion of the top of the carrier 130. Another featureless portion 260
of the magnetic levitation elements 240 may not include the features 250. In
other words, the featureless portion 260 of the top of the carrier may not include
the features 250 and thus be positioned adjacent to a portion of the magnetic
levitation elements 240 that includes the features 250. The featureless portion
260 may be substantially flat (e.g., a flat surface), and configured to enable the
sensors 270 to measure and/or or detect a position of the carrier 130 during
contactless levitation and/or transportation, as described above. In some

embodiments, the sensors 270 may be positioned above the carrier 130 to
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measure and/or or detect a position of the carrier 130 during contactless levitation
and/or transportation. The featureless portion 260 may be included on the top of
one or more of the rails 242, 244, 246, 248 of the carrier 300A, and may be
implemented as a featureless track that is aligned with the array of features 250.
In some embodiments, the magnetic levitation elements 240 may each include
an outer portion and an inner portion. In these embodiments, the features 250
may be located on one or more outer portions of the magnetic levitation elements
240 and the featureless portion 260 may be located on one or more inner portions
of the magnetic levitation elements 240, as illustrated in Figure 3A. In some
embodiments, at least a portion of the base 310 may be featureless and may be
substantially flat and configured to enable the sensors 270 to measure and/or or
detect a position of the carrier 130 during contactless levitation and/or
transportation (e.g., Figure 3B). That is, at least a portion of the base 310 may

function as the featureless portion 260.

[0055] During transportation, portions of the object 140 or the shutter disk 172
(e.g., the leading and trailing edges of the object 140 or the shutter disk 172) may
be uncovered by the carrier 130, to assist in the enablement of the sensors 270
to sense the presence and/or position of the object 140 or the shutter disk 172.
In addition, the exposed leading and trailing edges of the object 140 or the shutter
disk 172 may enable the sensors 270 to determine the dimensions or
identification of the object 140 or the shutter disk 172.

[0056] As briefly discussed above, the rails 242, 244, 246, 248 may be spaced
apart from each other, as illustrated in Figure 3A. In some cases, the first rail 242
may be spaced a distance in the Y-direction from the fourth rail 248. In some
cases, the second rail 244 may be spaced a distance in the X-direction from the
third rail 246. In some embodiments, the carrier 130 may have a substantially
symmetric shape. That is, the distance from the end of the first rail 242 to the
end of the fourth rail 248 may be substantially the same. For example, the carrier
300A may include the first rail 242 aligned in the X-direction, the second rail 244
aligned in the Y-direction, and the fourth rail 248 aligned in the X-direction, and
the second rail 244 may have a center line extending in the Y-direction. In this

example, a distance between first ends of the first rail 242 and the fourth rail 248
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and the center line is substantially the same as a distance between second ends
(e.g., the second ends being opposite to the first ends) of the first rail 242 and the
fourth rail 248 and the center line. The stations 111-118 of the substrate
processing system 100 may be configured to permit a symmetric carrier (e.g.,
carrier 300A) to remain in the processing station 205 during processing, without
impacting processing in the processing station. For example, the processing
station 205 may be large enough to accommodate the carrier 130 positioned on
an end of the processing station 205 while the object 140 undergoes processing,

such that the carrier 130 does not impact the processing.

[0057] In some embodiments, the carrier 300A may have an asymmetric
shape. That is, the distance from the end of the first rail 242 to the end of the
fourth rail 248 may be different. For example, the carrier 300A may include the
first rail 242 aligned in the X-direction, the second rail 244 aligned in the Y-
direction, and the fourth rail 248 aligned in the X-direction, and the second rail
244 may have a center line extending in the Y-direction. In this example, a
distance between first ends of the first rail 242 and the fourth rail 248 and the
center line is different than a distance between second ends (e.g., the second
ends being opposite to the first ends) of the first rail 242 and the fourth rail 248
and the center line. When the carrier is asymmetric, the stations 111-118 of the
substrate processing system 100 may be able to be smaller than when the carrier
is symmetric, as an asymmetric carrier is able to more easily remain in the

processing station 205 during processing without impacting the processing.

[0058] The base 310 of the carrier 300A may be formed from a non-magnetic
material and vacuum compatible material, such as metal (e.g., aluminum (Al),
non-magnetic stainless steel (e.g., 316 SST) or titanium (Ti)). In some
embodiments, it is beneficial to select the material from which the carrier 300A is
made to include a material that can also withstand high processing temperatures.
In one example, the substrate carrier 300A is made from a ceramic material (e.g.,
alumina, quartz, zirconia, etc.). In some cases, the substrate carrier 300A may
be coated with an electrically conductive coating to resolve any charge build-up
issues in the substrate carrier 300A during processing within the process station

205. In some embodiments, the rails 242, 244, 246, 248 may include a magnetic
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material, and the base 310 may not include a magnetic material. By using a
different material in the base 310 than the rails 242, 244, 246, 248, the carrier

300A may be configured to be lighter, and/or may be cheaper to manufacture.

[0059] The carrier 300A may be configured such that a center of gravity of the
carrier 300A is within 5 millimeters (mm) of a geometric center of the carrier 300A,
regardless of whether the carrier 300A is currently transporting an object 140.
This helps to ensure the stability of the carrier 300A. In some embodiments, base
310 may include at least one at least one extending feature (e.g., extending
features 312, 314), as illustrated in Figure 3A. In some cases, the extending
features 312, 314 may be configured to ensure that the center of gravity of the
carrier 300A is within 5 millimeters (mm) of a geometric center of the carrier 300A,
regardless of whether the carrier 300A is currently transporting the object 140 or
the shutter disk 172. The extending features 312, 314 may include, or be made

of, metal or ceramic.

[0060] The array of legs 320 (e.g., pegs) may be included in the carrier 300A
and may be configured to support the carrier 300A. The legs 320 may be coupled
to or disposed under the base 310 of the carrier 300A. The array of legs 320 may
include any number of legs 320, such as an even number of legs 320. The legs
320 may be electrically coupled to one or more of the rails 242, 244, 246, 248,
and may be configured to electrically ground the carrier 130. One or more of the
rails 242, 244, 246, 248 may be positioned over the over the array of legs 320.
In some embodiments, each rail 242, 244, 246, 248 may include at least four

legs.

[0061] The carrier 300A may also include the opening 330 in the base 310.
The opening may be configured to enable a sensor (e.g., sensors 270) to sense

the presence and/or position of the object 140.

[0062] The support members 342, 344 of the carrier 300A may extend into a
region below the carrier 300A (not shown). The support members 342, 344 may
be configured to support the object 140 or the shutter disk 172. In some
embodiments, the support members 342, 344 may be made of a ceramic or a
material that is different from the material of the base 310. The support member

342 may form a gap (not shown) of 230 millimeters between the support member
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342 and the support member 344, the gap configured to be small enough that the
object 140 or shutter disk 172 may rest on a portion of the support members 342,
344. As illustrated in Figure 3A, the object 140 or shutter disk 172 may be
supported below the carrier 300A.

[0063] In some embodiments, the carrier 300A may include additional support
members (not shown) configured to support more than one object. For example,
the carrier 300A may be configured to carry two or more objects 140
simultaneously. In this example, the carrier 300A may include a third support

member and a fourth support member both configured to support an object 140.

[0064] Figure 3B illustrates an example carrier 300B that includes a magnetic
levitation assembly (e.g., the magnetic levitation element 240 of Figures 2A and
2B), in accordance with embodiments of the present disclosure. In some
embodiments, the carrier 130 described above may be implemented as the
carrier 300B. The carrier 300B of Figure 3B may be similar to the carrier 300A of
Figure 3A, and everything discussed herein with respect to the carrier 300A may
also apply to the carrier 300B. However, in the carrier 300B, the base 310 and
the magnetic levitation element 240 (including the rails 242, 244, 246, 248) each
comprise magnetic material and are implemented together as one element. For
example, the base 310 and rails 242, 244, 246, 248 may be implemented with
the same ferromagnetic material. In these cases, the rails 242, 244, 246, 248
may be coupled to the support members 342, 344, the opening 330 may be in
the rails 242, 244, 246, 248, and the extending features 312, 314 may be included
in and a part of the rails 242, 244, 246, 248. Although Figure 3B does not show
the legs 320, the carrier 300B of these embodiments may include the legs 320

configured to support the carrier 300B.

Shutter Disk Station

[0065] Now referring to FIG. 4A a perspective view of a shutter disk system
400 is shown. The shutter disk system 400 can include the shutter disk system
170, as described above. The shutter disk system 400 includes a body 402. The
body 402 may be formed from a vacuum compatible material, such as metal (e.g.,
aluminum (Al), stainless steel (e.g., 316 SST) or titanium (Ti)). In some

embodiments, The body 402 may be formed from a material suitable for operation
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at pressures of about 760 torr to about 780 torr, e.g., about 760 torr to about 770
torr, about 765 torr to about 775 torr, or about 770 torr to about 780 torr, such as
metal (e.g., aluminum (Al), stainless steel (e.g., 316 SST) or titanium (Ti)). In
some embodiments, it is beneficial to select the material from which the substrate
processing system 100 is made to ensure compatibility. The body 402 includes
a plurality of faces 404a-d. For example a first face 404a may define a first side
of the body 402. A second face 404b may be orthogonal to the first face and may
define a second side of the body 402. A third face 404c, which may be parallel to
the first face 404a and orthogonal to the second face 404b, may define a third
side of the body, and a fourth face 404d, which may be parallel to the second
face 404b and orthogonal to the third face 404c and first face 404a, may define
a fourth side of the body. In an embodiment, the fourth face 404d may be the face
and/or side of the body through which the contents within the body interfaces with

a transfer region 124A within the factory interface 124.

[0066] A first door 406 is disposed on a face of the plurality of faces 404a-d.
The first door 406 may be disposed on the second face 404b, which is parallel to
and opposite to the fourth face 404d. The first door 406 may be disposed on the
second face 404b to allow for opening and closing of the door without contacting
one or more of the other faces or components of the body 402 and/or the
substrate processing system 100. In an embodiment, the first door 406 is
configured to open and/or close, which may expose an operational region of the
interior volume of the body 402, which is described in further detail below, with
reference to FIG. 4B. In an embodiment, the first door 406 may allow for the
replacement of a storage rack 426 and/or shutter disks (e.g., disks S'-S® and/or
S7) when the operational region is at atmospheric pressure, where the storage

rack 426 is described in further detail below, with reference to FIG. 4C.

[0067] The body 402 includes a base 408. The base 408 may be composed of
one or more of the same materials as the body 402. The base 408 may intersect
the plurality of faces 404a-d at a lower end of the plurality of faces 404a-d. The
body 402 includes a top 410. The top 410 may be parallel to the base 408,
separated by the plurality of faces 404a-d of the body 402. The top 410 may

intersect the plurality of faces 404a-d at an upper end of the plurality of faces
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404a-d. In an embodiment, the top 410 includes a second door. A second door
412 is disposed on the top of the body 402. The second door 412 is configured
to open and/or close, which may expose an interlock region of the interior volume
of the body 402, in which the interlock region is described in further detail below,
with reference to FIG. 4B.

[0068] Now referring to FIG. 4B, a perspective view through the fourth face
404d of a shutter disk system 400 is shown. The body 402 includes an interior
volume 414. The interior volume 414 may include any suitable volume for holding
one or more shutter disks. The interior volume 414 may include a pressure of
about 1 mTorr to about 780 Torr, e.g., about 1m Torr to about 1 Torr, about 1 Torr
to about 100 Torr, about 100 Torr to about 300 Torr, about 300 Torr to about 400
Torr, about 400 Torr to about 500 Torr, about 500 Torr to about 600 Torr, about
600 Torr to about 700 Torr, or about 700 Torr to about 780 Torr. The interior
volume 414 may be connected to one or more pumps, €.g., vacuum pumps, rotary
pumps, ion pumps, or turbomolecular pumps, to maintain the pressure of about
1 mTorr to about 760 Torr. In an embodiment, the interior volume 414 may be at
an atmospheric pressure, e.g., about 760 torr to about 780 torr. The interior
volume 414 may be controlled so that the interior volume 414 includes one or
more gas compositions that are different from the composition of the atmosphere
surrounding the factory interface 124. In some configurations, the gas
composition in the interior volume 414 includes one or more gases such as
nitrogen, argon, helium, hydrogen, or the like. In some alternate configurations,
the gas composition maintained in the interior volume 414 includes clean dry air
(CDA).

[0069] The interior volume 414 includes an interlock region 415. The interlock
region is a volume that is proximal to the second door 412, in which opening the
second door 412 may provide access to the interlock region 415, as described
above. The interlock region 415 may include a pressure of about 1 mTorr to about
70 Torr, e.g., about 1m Torr to about 1 Torr, about 1 Torr to about 100 Torr, about
100 Torr to about 300 Torr, about 300 Torr to about 400 Torr, about 400 Torr to
about 500 Torr, about 500 Torr to about 600 Torr, about 600 Torr to about 700

Torr, or about 700 Torr to about 780 Torr. In an embodiment, the interlock region
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415 may be at an atmospheric pressure, e.g., about 760 torr to about 780 torr.
The interlock region 415 may include a shutter disk holder 416. The shutter disk
holder 416 may be configured to receive a shutter disk (e.g., disk S” in FIG. 4B)
to be placed into the shutter disk system 400.

[0070] The interlock region 415 may be adjacent to an operational region 418,
where the interlock region 415 is separated from the operational region 418 by
an isolator plate 420. The isolator plate 420 may be formed from a vacuum
compatible material, such as metal (e.g., aluminum (Al), non-magnetic stainless
steel (e.g., 316 SST) or titanium (Ti)). In an embodiment, the isolator plate 420
may be vacuum compatible material to allow for a pressure differential between

the interlock region 415 and the operational region 418.

[0071]  The operational region 418 may be located below the isolator plate 420,
where the operational region 418 may be configured at a pressure of about 1
mTorr to about 780 Torr, e.g., about 1m Torr to about 1 Torr, about 1 Torr to about
100 Torr, about 100 Torr to about 300 Torr, about 300 Torr to about 400 Torr,
about 400 Torr to about 500 Torr, about 500 Torr to about 600 Torr, about 600
Torr to about 700 Torr, or about 700 Torr to about 780 Torr. In an embodiment,
the operational region 418 may be at an atmospheric pressure, e.g., about 760
torr to about 780 torr. In an embodiment, the operational region 418 and the
interlock region 415 may have different pressures. For example, the operational
region 418 may have a first pressure of about 1 mTorr to about 780 Torr, e.g.,
about 1 mTorr to about 1 Torr, about 1 Torr to about 100 Torr, about 100 Torr to
about 300 Torr, about 300 Torr to about 400 Torr, about 400 Torr to about 500
Torr, about 500 Torr to about 600 Torr, or about 600 Torr to about 780 Torr, while
the interlock region 415 may have a different pressure of about 700 Torr to about
780 Torr, e.g., about 700 Torr to about 720 Torr, about 720 Torr to about 740
Torr, about 740 Torr to about 760 Torr, or about 760 Torr to about 780 Torr.
Without being bound by theory, the isolator plate 420 may allow for a shutter disk
to be placed in the interlock region 415 of the shutter disk system 400 without
increasing the pressure of the operational region 418 and/or the substrate
processing system 100. By not increasing the pressure and/or breaking vacuum

of the operational region 418, the substrate processing system 100 may continue
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to perform operations during routine maintenance of one or more shutter disks,
reducing costs and reducing the need to break vacuum that would require a

subsequent pumping down session.

[0072] In an embodiment, the operational region 418 and the interlock region
415 may have the same pressures. For example, the operational region 418 and
the interlock region 415 may have the same pressure of about 1 mTorr to about
780 Torr, e.g., about 1m Torr to about 1 Torr, about 1 Torr to about 100 Torr,
about 100 Torr to about 300 Torr, about 300 Torr to about 400 Torr, about 400
Torr to about 500 Torr, about 500 Torr to about 600 Torr, about 600 Torr to about
700 Torr, or about 700 Torr to about 780 Torr. In an embodiment, the operational
region 418 and the interlock region 415 may have the same pressure after the
interlock region 415 is pumped down by a vacuum pump. Without being bound
by theory, an interlock region 415 that is the same pressure as the operational
region 418, such as atmospheric pressure, may allow the handler (not shown) to
transfer the shutter disk placed in the shutter disk holder 416 of the interlock
region 415 to the operational region 418 such that the shutter disk may then be

processed in the substrate processing system 100.

[0073] Inanembodiment, the interior volume 414 may include a cooling system
422. The cooling system 422 may maintain a temperature of the operational
region 418 to about 20 °C to about 80 °C, e.g., about 20 °C to about 40 °C, about
40 °C to about 60 °C, or about 60 °C to about 80 °C. In an embodiment, the
cooling system may include a purge gas system (not shown). The purge gas
system (not shown) may cool the operational region 418 by injecting one or more
inert gases, e.g., nitrogen, helium, hydrogen, or argon, into the operational region
418. In an embodiment, the purge gas system (not shown) may cool the
operational region 418 by about 0.1 °C to about 80 °C, e.g., about 0.1 °C to about
20 °C, about 20 °C to about 40 °C, about 40 °C to about 60 °C, or about 60 °C to
about 80 °C. In an embodiment the cooling system 422 may include a cooling
plate 424. The cooling plate 424 may include a metallic plate having a circulating
fluid inside, e.g., water, nitrogen, glycol, or the like. In some embodiments, the
cooling system includes a fluid temperature controlled heat exchanging device

disposed on at least one of the plurality of faces, a base, and a top of the body
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402. The cooling plate 424 may reduce the temperature of the operational region
418 by sequestering heat from the operational region 418. In an embodiment, the
cooling plate 424 may cool the operational region 418 by about 0.1 °C to about
80 °C, e.g., about 0.1 °C to about 20 °C, about 20 °C to about 40 °C, about 40 °C
to about 60 °C, or about 60 °C to about 80 °C.

[0074] In an embodiment, the interior volume 414 may include a heating
system (not shown). The heating system may include a radiative heater source
or a resistive heater source. For example, a radiative heater source may include
a resistive heating element or lamps that is configured to run at a desired
processing temperature. As a further example, a resistive heater source may
include a resistive heating element that is configured to conduct heat to one or
more walls of the shutter disk system 400. In an embodiment, the heating system
may heat the operational region 418 to a temperature of about 80 °C to about
300 °C, e.g., about 80 °C to about 100 °C, about 100 °C to about 150 °C, about
150 °C to about 200 °C, about 200 °C to about 250 °C, or about 250 °C to about
300 °C. The heating system may increase the temperature of the operational
region 418 by about 0.1 °C to about 300 °C, e.g., about 0.1 °C to about 50 °C,
about 50 °C to about 100 °C, about 100 °C to about 150 °C, about 150 °C to
about 200 °C, about 200 °C to about 250 °C, or about 250 °C to about 300 °C.

[0075] In an embodiment, the interior volume 414 may include one or more
sensors (not shown). The sensors may include a temperature sensor and/or a
metrology sensor. The temperature sensor may include any suitable temperature
sensor for monitoring the temperature of the interior volume, e.g., non-contact
optical temperature sensor. The metrology sensor may include any suitable
sensor for inspecting the shutter disk and/or imaging the shutter disk, e.g., an
imaging sensor (e.g., camera) and/or automated inspection sensor. A metrology
sensor can include, but is not limited to, a system for measuring the physical
attributes of a shutter disk (e.g., shutter disk distortion or curvature measurement
system) and a system for measuring attributes of the thin film layers formed on a
surface of the shutter disk, such as a particle measure detection system, a
deposited film composition measurement system, a deposited film thickness

measurement system, a deposited film Rs measurement system, or other useful
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deposited film property measurement systems. Without being bound by theory,
the one or more sensors (not shown) may allow for monitoring the performance
of the shutter disk system and may improve the life of the shutter disk or when
the shutter disk needs to be refurbished by identifying one or more properties of
the shutter disk. In one example, the one or more properties of the shutter disk
can include the relative distortion of the shutter disk, the amount of deposition
formed on the shutter disk (e.g., deposited layer thickness), number of particles
positioned on a surface of the shutter disk, positioning of the shutter disk within
system, properties of the films deposited on the shutter disk, and other useful

metrics.

[0076] Now referring to FIG. 4C, a cross-sectional view of a shutter disk system
is shown. The shutter disk system 400 includes a storage rack 426. The storage
rack 426 may include a rack capable of storing about 2 to about 10 shutter disks,
e.g., about 2 to about 4, about 4 to about 6, about 6 to about 8, or about 8 to
about 10. For example, the storage rack 426 may be configured to store a first
shutter disk S', a second shutter disk S?, a third shutter disk S3, a fourth shutter
disk S4, a fifth shutter disk S°, and a sixth shutter disk S8. In an embodiment, the
first shutter S, second shutter disk S?, third shutter disk S3, fourth shutter disk
84, fifth shutter disk S°, a sixth shutter disk S may independently be copper,
tantalum nitride, titanium, barium, cerium, platinum, gold, silver, or other transition
metal suitable for use as a shutter disk. For example, 8! and S* may each be
copper, S? and S°® may each be tantalum nitride, and S3 and S® may each be
titanium. As a further example, each of S', §2, and S3 may be copper, and each

of 4, 8% and S°® may be tantalum nitride.

[0077] In an embodiment, the storage rack 426 includes first vertical side and
a second vertical side. The first vertical side and the second vertical side include
a height “d"”, which may be about 120 cm to about 180 cm, e.g., about 120 cm to
about 140 cm, about 140 cm to about 160 cm, or about 160 cm to about 180 cm.
The first vertical side includes a plurality of horizontal tabs extending centrally
toward the operational region 418, and the second vertical side includes a
plurality of horizontal tabs extending centrally toward the operational region 418.

The plurality of horizontal tabs of the first vertical side and the second vertical

26



WO 2025/111051 PCT/US2024/047197

side may be complementary and/or parallel, such that a first vertical side
horizontal tab and a second vertical side horizontal tab are at the same height
creating rack locations for storing individual shutter disks. The rack locations may
have a vertical slot spacing distance “d®” of about 20 cm to about 50 cm, e.g.,
about 20 cm to about 30 cm, about 25 cm to about 45 cm, or about 30 cm to

about 50 cm.

[0078] In an embodiment, the rack locations may be identified by a rack
identifier (not shown) that is shown on a portion of the storage rack 426 and/or
the rack identifier information may be stored in a memory of a controller 101. A
rack identifier may indicate the composition of the shutter disk that is being stored
in the rack location. The rack identifier may include a barcode, QR code, pincode,
color code, or the like. For example, a rack identifier may include a barcode
indicating that the rack location is for a copper shutter disk. As a further example,
a rack identifier may include a QR code indicating that the rack location is for a
tantalum nitride shutter disk. The controller 101 can use the rack identifier
information to control the positioning and movement of a shutter disk within the
substrate processing system 100 by use of a carrier 130 and/or multi-axis transfer

robot (e.g., actuator 502 (FIG. 5)) positioned in the factory interface 124.

[0079] In an embodiment, a rack identifier may indicate the location of the
shutter disk to be stored in the storage rack 426. For example, a shutter disk may
be disposed in the interlock region 414 at atmospheric pressure using the second
door 412. A vacuum may be applied to the interlock region 415 using one or more
vacuum pumps. The vacuum may be applied until the interlock region 415 and
the operational region 418 are at the same pressure, in which the handler (not
shown) may transfer the shutter disk to the storage rack 426 according to the rack
identifier. The handler may then identify and transmit the shutter disk to the

substrate processing system 100 and carrier 130 according to the rack identifier.

[0080] In an embodiment, the storage rack 426 may include a rack isolator 428.
The rack isolator may be formed from a metal (e.g., aluminum (Al), non-magnetic
stainless steel (e.g., 316 SST) or titanium (Ti)). In an embodiment, the rack
isolator 428 may be configured to separate the one or more shutter disks, e.g.,

S0, S' 82 83 S4 S5 S8 S7 ... Sy, stored in a first rack location within the storage
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rack 426 from contaminating an alternate shutter disk in an alternate or adjacent
rack location. Without being bound by theory, by preventing contamination of a

shutter disk the shutter disk may require less maintenance.

[0081] Now referring to FIG. 5, which is a side cross-sectional view of a
substrate processing system 500, which includes the factory interface 124 and a
shutter disk system 400. The substrate processing system 500 includes an
actuator 501 disposed within the factory interface 124 and configured to interface
with the shutter disk system 400. In an embodiment, the actuator 501 includes a
door 503 that is configured to interface with and seal against a sealing portion of
the fourth face 404d. The sealing portion includes a sealing surface 421 (FIG.
4B) that is configured to interface with a sealing element (e.g., O-ring) disposed
within a portion of the sealing surface 421 or within the door 503 of the actuator
501. In operation, when the actuator 501 has positioned the door 503 in an open
position, in which where the actuator is open, the handler may retrieve a shutter
disk from the shutter disk station 400. Alternatively, when the door 503 of the
actuator 501 may be closed, the handler may be prevented from retrieving a
shutter disk from the shutter disk system 400 and the environment within the
shutter disk station 400 is sealed off from the region 124A of the factory interface
124. In an embodiment, the actuator 501 may be open when the pressures of the
factory interface 124 and the shutter disk system 400 are the same. In an
embodiment, the actuator 501 may be closed when the pressures of the factory

interface 124 and the shutter disk system are different.
Processing Sequence Example

[0082] FIG. 6 is a flow diagram of a method 600 of processing a substrate in a
substrate processing system according to one embodiment. Method 600 may be
best understood with reference to FIGS. 7A and 7B. While the operations of
method 600 are described in a linear manner in the flow diagram shown in FIG.
6. As implemented, the operations of method 600 may occur simultaneously, may
overlap in time, and may be repeated individually, or as a whole. Further, while
only two substrates, substrate A and substrate B, and two shutter disks S° and
S, are focused on in this example of method 600 illustrated in FIGS. 7A and 7B,

as implemented, a plurality of substrates or shutter disks will be simultaneously
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moving one-after-another through the substrate processing system 700 at any

given time.

[0083] FIG. 7A is a schematic view of a substrate processing system 700
according to one embodiment of method 600. The substrate processing system
700 includes the processing stations 111-118, as described above. At operation
602, a substrate “A”, initially having been received by an actuator (not shown),
such as the actuator 502, from a front opening unified pod (FOUP) 126 of the
factory interface 124, has, as indicated by the processing line 701a, e.g., “dot
path”, is transited to a carrier 130 in the first station 111 by the handler. Substrate
A is then sequentially transferred from the first station 111 to the second station
112, the third station 113, and the fourth station 114, before being conveyed
through the fifth station 115, conveyed through the sixth station 116, and then

being positioned within the seventh station 117 of the first processing line 701a.

[0084] At operation 604, a first processing action is performed on the substrate
“A”. The first processing action is performed in the seventh station 117 of the first
processing line 701a. The first processing action may include a deposition action
and/or an etching action. For example, the first processing action may include a
tantalum nitride deposition, a copper deposition, or any deposition that deposits
at least one layer on the substrate. Alternatively, the first processing action may
include an etching action performed by an etching station. In an embodiment, the
seventh station 117 of the first processing line 701a may utilize PVD, CVD, ALD,
or other suitable process to perform the first processing action as required in the

first processing line 701a.

[0085] During the sequential transferring process, one or more processing
steps (e.g., non-deposition processes) may be performed on a substrate (e.g.,,
substrates A1, A2, As, A4, As,..., An) within each of the second station 112, the
third station 113, and the fourth station 114, before being conveyed through the
fifth station 115 and is currently positioned in the sixth station 116 of first

processing line 701a.

[0086] Similarly, a second substrate “B”, initially having been received from a
FOUP 126 of the factory interface 124, as indicated by the “dot path”, before being
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conveyed through the first section station 111 and then being positioned within

the sixth station 116 of a first processing line 701b.

[00871 During the sequential transferring process one or more processing
steps (e.g., non-deposition processes) may be performed on a substrate (i.e.,
substrates B1, B2, B3, Ba,..., Bn) within each of the second station 112, the third
station 113, and the fourth station 114, before being conveyed through the fifth
station 115 and then being positioned in the sixth station 116, and then being

positioned within the seventh station 117 of the first processing line 701b.

[0088] VVWhen the substrate “B” is positioned within the seventh station 117, the
first processing action is performed on the substrate “B”. The first processing
action is performed in the seventh station 117 of the first processing line 701b.
The first processing action may include any first processing action as described
above, with referenced to first processing line 701a. For example, the first
processing action may include a tantalum nitride deposition, a copper deposition,
or any deposition that deposits at least one layer on the substrate. Alternatively,
the first processing action may include an etching action performed by an etching
station. In an embodiment, the seventh station 117 of the first processing line
701a may utilize PVD, CVD, ALD, or other suitable process to perform the first
processing action as required in the first processing line 701b. In an embodiment,
processing line 701a and 701b may be different processing actions. As noted
above the operations of method 600 may occur simultaneously, may overlap in

time, and may be repeated individually, or as a whole, as required.

[0089] During the sequential transferring process of the substrate A or
substrate B to the seventh station 117, other substrates are sequentially
transferred in the first processing line 701a or first processing line 701b. For
example, substrate A sequentially transfers to the eighth station 118. Substrate
A1 sequentially transfers to the seventh station 117. Substrate A2 sequentially
transfers to the sixth station 116. Substrate As sequentially transfers to the fifth
station 115. Substrate A4 sequentially transfers to the fourth station 114.
Substrate As sequentially transfers to the third station 113. Substrate As enters

the first processing line 701a and sequentially transfers to the second station 112,
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and a substrate Ax leaves the first processing line 701a. As a further example,
substrate B sequentially transfers to the eighth station 118. Substrate B
sequentially transfers to the seventh station 117. Substrate B2 sequentially
transfers to the sixth station 116. Substrate Bs sequentially transfers to the fifth
station 115. Substrate B4 sequentially transfers to the fourth station 114.
Substrate Bs sequentially transfers to the third station 113. Substrate Bs enters
the first processing line 701b and sequentially transfers to the second station 112,

and a substrate Bx leaves the first processing line 701b.

[0090] Additionally during the sequential transferring process of the plurality of
substrates of the first processing line 701a and the first processing line 701b,

shown in FIG. 8B, occur at approximately the same time.

[0091] At operation 606, the processed substrate A is unloaded from the carrier
130 in the first station 111 and removed from the processing area by transmitting
the substrate to the handler (not shown), such as the actuator 502. The FOUP
126 that originated the substrate A then receives the processed substrate A from
the handler as indicated by the processing line 701a, e.g.,, “dot path”.
Concurrently, and/or sequentially, the processed substrate B is unloaded from
the carrier 130 in the first station 111 and removed from the processing area by
transmitting the substrate to the handler (not shown). The FOUP 126 that
originated the substrate B then receives the processed substrate B from the

handler as indicated by the first processing line 701b, e.g., “dot path”.

[0092] At operation 608, a shutter disk “S%, initially having been received by a
handler (not shown) from a shutter disk system 170 of the factory interface 124
as indicated by the second processing line 702a, e.g., “dot path”, is transited to a
carrier 130 in the first station 111 by the handler and by commands from the
controller 101. In an embodiment, the shutter disk S° may be selected by the
controller 101 based on a composition of the shutter disk and/or one or more rack
identifiers. A rack identifier may indicate the composition of the shutter disk and/or
the specific processing action suitable for the shutter disk. For example, the rack
identifier may indicate that the shutter disk is composed of tantalum nitride, where

the processing action to be performed is a tantalum deposition. Shutter disk S° is
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then sequentially transferred from the first station 111 to the second station 112,
the third station 113, and the fourth station 114, before being conveyed through
the fifth station 115, conveyed through the sixth station 116, and then being

positioned within the seventh station 117 of the first processing line 701a.

[0093] At operation 610, a second processing action is performed on the
shutter disk S°. The second processing action is performed in the seventh station
117 of the second processing line 702a. The second processing action may
include a deposition action and/or an etching action. In an embodiment, the
second processing action may be different than the first processing action. In an
embodiment, the second processing action maybe the same as the first
processing action. For example, the second processing action may be different
than the first processing action, so as to prime the substrate processing system
to perform a different deposition, e.g., transition from a copper deposition to a
tantalum nitride deposition. For example, the second processing action may
include a tantalum nitride deposition, a copper deposition, or any deposition that
deposits at least one layer on the substrate. Alternatively, the second processing
action may include an etching action performed by an etching station. In an
embodiment, the seventh station 117 of the second processing line 702a may
utilize PVD, CVD, ALD, or other suitable process to perform the second

processing action as required in the second processing line 702a.

[0094] During the sequential transferring process, one or more processing
steps (e.g., non-deposition processes) may be performed on the shutter disk S°
within each of the second station 112, the third station 113, and the fourth station
114, before being conveyed through the fifth station 115 and is currently

positioned in the sixth station 116 of second processing line 702a.

[0095]  Similarly, a second shutter disk “S'”, initially having been received by a
handler (not shown) from a shutter disk system 170 of the factory interface 124
as indicated by the second processing line 702b, e.g., “dot path”, is transited to a
carrier 130 in the first station 111 by the handler. In an embodiment, the shutter
disk S' may be selected by the controller 101 based on a composition of the

shutter disk and/or one or more rack identifiers. The rack identifier may indicate
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the composition of the shutter disk and/or the specific processing action suitable
for the shutter disk. For example, the rack identifier may indicate that the shutter
disk is composed of tantalum nitride, where the processing action to be performed
is a tantalum deposition. Shutter disk S’ is then sequentially transferred from the
first station 111 to the second station 112, the third station 113, and the fourth
station 114, before being conveyed through the fifth station 115, conveyed
through the sixth station 116, and then being positioned within the seventh station

117 of the second processing line 702b.

[0096] During the sequential transferring process one or more processing
steps (e.g., non-deposition processes) may be performed on the shutter disk S’
within each of the second station 112, the third station 113, and the fourth station
114, before being conveyed through the fifth station 115 and then being
positioned in the sixth station 116, and then being positioned within the seventh

station 117 of the second processing line 702b.

[0097]  When the shutter disk “S' is positioned within the seventh station 117,
the second processing action is performed on the shutter disk “S'. The second
processing action is performed in the seventh station 117 of the second
processing line 702b. The second processing action may include any second
processing action as described above, with referenced to second processing line
702a. In an embodiment, the second processing action may be different than the
first processing action. In an embodiment, the second processing action maybe
the same as the first processing action. For example, the second processing
action may be different than the first processing action, so as to prime the
substrate processing system to perform a different deposition, e.g., transition
from a copper deposition to a tantalum nitride deposition. For example, the
second processing action may include a tantalum nitride deposition, a copper
deposition, or any deposition that deposits at least one layer on the substrate.
Alternatively, the second processing action may include an etching action
performed by an etching station. In an embodiment, the seventh station 117 of
the second processing line 702b may utilize PVD, CVD, ALD, or other suitable
process to perform the first processing action as required in the first processing

line 702b. In an embodiment, processing line 702a and 702b may be different
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processing actions. As noted above the operations of method 600 may occur
simultaneously, may overlap in time, and may be repeated individually, or as a

whole, as required.

[0098] During the sequential transferring process of the shutter disk S° or
shutter disk S' to the seventh station 117, other substrates or shutter disks may
be sequentially transferred in the second processing line 702a or second
processing line 702b. For example, shutter disk S° sequentially transfers to the
eighth station 118. Substrate A1 or shutter disk S? sequentially transfers to the
seventh station 117. Substrate Az or shutter disk S® sequentially transfers to the
sixth station 116. Substrate As or shutter disk S* sequentially transfers to the fifth
station 115. Substrate A4 or shutter disk S° sequentially transfers to the fourth
station 114. Substrate As or shutter disk S® sequentially transfers to the third
station 113. Substrate As or shutter disk S’ enters the second processing line
702a and sequentially transfers to the second station 112, and Bx or shutter disk
S¥ leaves the second processing line 702a. As a further example, shutter disk S'
sequentially transfers to the eighth station 118. Substrate B1 or shutter disk S?
sequentially transfers to the seventh station 117. Substrate Bz or shutter disk S3
sequentially transfers to the sixth station 116. Substrate Bz or shutter disk S*
sequentially transfers to the fifth station 115. Substrate B4 or shutter disk S°
sequentially transfers to the fourth station 114. Substrate Bs or shutter disk S
sequentially transfers to the third station 113. Substrate Bs or shutter disk S’
enters the second processing line 702b and sequentially transfers to the second
station 112, and a substrate Bx or Shutter disk S* leaves the second processing
line 702b.

[0099]  Additionally during the sequential transferring process of the plurality of
substrates of the second processing line 702a and the second processing line

702b, shown in FIG. 7B, occur at approximately the same time.

[00100] At operation 612, the shutter disk S° is unloaded from the carrier 130 in
the first station 111 and removed from the processing area by transmitting the
shutter disk to the handler (not shown), such as the actuator 502. The shutter

disk system 170 that originated the shutter disk S° then receives the processed

34



WO 2025/111051 PCT/US2024/047197

shutter disk S° from the handler as indicated by the processing line 7023, e.qg.,
“dot path”. Concurrently, and/or sequentially, the processed shutter disk S' is
unloaded from the carrier 130 in the first station 111 and removed from the
processing area by transmitting the shutter disk to the handler (not shown). The
shutter disk system 170 that originated the shutter disk S' then receives the
processed shutter disk S' from the handler as indicated by the processing line
702b (e.g., “dotted path”).

[00101] As noted above the operations of method 600 may occur
simultaneously, may overlap in time, and may be repeated individually, or as a
whole, as required as the plurality of substrates (e.g., substrates A, A1, Az,..., An,
and B, B1, B,..., Bn, and X) and/or the plurality of shutter disks (e.g., shutter disks
8% S' 82 S3 ... and S¥), and simultaneously move one-after-another through

the substrate processing system 800 at any given time.

[00102] Overall, the substrate transfer system of the present disclosure allows
for routine maintenance to be performed on one or more shutter disks without the
need to break vacuum or extend the length of pump down sessions, reducing
costs and system down time. The shutter disk system allows for routine
maintenance and switching of shutter disks without the need to break vacuum.
The shutter disk system can be utilized to enable a plurality of deposition
processes to be performed within the system (e.g., cluster tool) before the

vacuum portions of the system will need to be maintained.

Additional Considerations

[00103] In the above description, details are set forth by way of example to
facilitate an understanding of the disclosed subject matter. It should be apparent
to a person of ordinary skill in the field, however, that the disclosed
implementations are exemplary and not exhaustive of all possible
implementations. Thus, it should be understood that reference to the described
examples is not intended to limit the scope of the disclosure. Any alterations and
further modifications to the described devices, instruments, methods, and any
further application of the principles of the present disclosure are fully

contemplated as would normally occur to one skilled in the art to which the
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disclosure relates. In particular, it is fully contemplated that the features,
components, and/or steps described with respect to one implementation may be
combined with the features, components, and/or steps described with respect to
other implementations of the present disclosure. As used herein, the term “about”
may refer to a +/-10% variation from the nominal value. It is to be understood

that such a variation can be included in any value provided herein.

[00104] As used herein, a phrase referring to “at least one of’ a list of items
refers to any combination of those items, including single members. As an
example, “at least one of: g, b, or ¢” is intended to cover: a, b, ¢, a-b, a-c, b-c, and
a-b-c, as well as any combination with multiples of the same element (e.g., a-a,
a-a-a, a-a-b, a-a-c, a-b-b, a-c-c, b-b, b-b-b, b-b-c, c-c, and c-c-c or any other
ordering of a, b, and ¢).

[00105] While the foregoing is directed to embodiments of the present
disclosure, other and further embodiments of the disclosure may be devised

without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.
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What is claimed is:

1. A shutter disk system, comprising:

a body comprising a plurality of faces, a base, and a top, wherein the
body comprises:

an interior volume, wherein the interior volume comprises:

an interlock region configured to receive at least one
shutter disk, and

an operational region adjacent to the interlock region, the
operational region separate from the interlock region by an isolator
plate;

a shutter disk stack disposed in the operational region,
wherein the shutter disk stack comprises at least a storage rack
configured to receive two or more shutter disks;

a first door disposed on a face of the plurality of faces proximal to the
operational region;

a second door disposed proximal to the interlock region; and

a third door disposed proximal to a portion of the interlock region and a

portion of the operational region.

2. The shutter disk system of claim 1, wherein the operational region and

the interlock region comprise different pressures.

3. The shutter disk system of claim 1, wherein the operational region and

the interlock region comprise equal pressures.
4, The shutter disk system of claim 1, further comprising a cooling system
comprising a heat exchanging device disposed on at least one of the plurality of

faces, a base, and a top.

5. The shutter disk system of claim 4, wherein the cooling system

comprises a purge gas system or a cooling plate.
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6. The shutter disk system of claim 1, further comprising a radiative heater

source or a resistive heater source.

7. The shutter disk system of claim 1, wherein the shutter disk stack

comprises a rack identifier.

8. The shutter disk system of claim 1, the operational region comprises a
pressure of about 1 Torr to about 780 Torr and the interlock region comprises a

pressure of about 1 Torr to about 780 Torr. .

9. The shutter disk system of claim 1, wherein the interior volume

Comprises one or more sensors.

10.  The shutter disk system of claim 9, wherein the one or more sensors

comprises a temperature sensor or a metrology sensor.

11. A substrate processing system, comprising:
two or more process stations;
a factory interface coupled to the two or more process stations; and
a shutter disk system coupled to the factory interface, wherein the factory
interface is disposed between the two or more process stations and the shutter
disk system, and the shutter disk system comprises:
a body comprising a plurality of faces, a base, and a top, wherein
the body comprises:
an interior volume, wherein the interior volume comprises:
an interlock region configured to receive at least one
shutter disk, and
an operational region adjacent to the interlock
region, the operational region separate from the interlock
region by an isolator plate;
a shutter disk stack disposed in the operational

region, wherein the shutter disk stack comprises at least a
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storage rack configured to receive at least two or more
shutter disks;
a first door disposed on a face of the plurality of faces proximal to
the operational region;
a second door disposed on the top proximal to the interlock
region; and
a third door disposed proximal to a portion of the interlock region

and a portion of the operational region.

12.  The substrate processing system of claim 11, wherein the third door
comprises an actuator configured to separate the shutter disk system from the

factory interface.

13.  The substrate processing system of claim 11 , wherein the factory
interface is configured to transfer a shutter disk from the shutter disk system to

the at least one of the two or more process stations.

14.  The substrate processing system of claim 11, wherein the shutter disk
system further comprises a cooling system comprising a heat exchanging

device disposed on at least one of the plurality of faces, a base, and a top.

15.  The substrate processing system of claim 13, wherein the cooling system

comprises a purge gas system or a cooling plate.

16.  The substrate processing system of claim 11, wherein the shutter disk

system further comprises a radiative heater source or a resistive heater source.

18.  The substrate processing system of claim 11, wherein the shutter disk

stack further comprises a rack identifier.

19.  The substrate processing system of claim 11, the operational region
comprises a pressure of about 1 Torr to about 780 Torr and the interlock region

comprises a pressure of about 1 Torr to about 780 Torr.
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20.  The substrate processing system of claim 11, wherein the one or more

sensors comprises a temperature sensor or a metrology sensor.
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