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METHODS AND SYSTEMS FOR CLEANING PROCESS SEQUENCE
MANAGEMENT

TECHNICAL FIELD
[0001] Embodiments of the present disclosure relate, in general, to manufacturing systems

and more particularly to cleaning process sequence management.

BACKGROUND

[0002] A substrate process (e.g., an etch process, a deposition process, etc.) can be
performed for a substrate at a process chamber of a manufacturing system. A cleaning process
can be performed to prepare the process chamber for the conditions of the substrate process
before the substrate is placed at the process chamber and the substrate process is initiated. Such
cleaning processes are referred to herein as pre-cleaning processes. Another cleaning process
can be performed after completion of the substrate process, e.g., to remove particles and/or
other materials within the chamber after completion of the substrate process, to prepare the
chamber for subsequent substrate processes performed for other substrates, etc. Such cleaning
processes are referred to herein as post-cleaning processes. As electronic devices become more
detailed and more complex, the substrate processes performed at a manufacturing system can
become more advanced and more complex. An operator of the manufacturing system can seek
to adjust and/or enhance the cleaning processes performed before and/or after each substrate
process to maintain the environment within the process chambers in accordance with such
advanced and complex substrate processes. In conventional systems, it can be difficult for the

operator to adjust the operations and/or sequence of operations of a cleaning process.

SUMMARY

[0003] Some of the embodiments described cover a method including receiving, from a client
device coupled to a manufacturing system, an indication of a sequence of cleaning operations
associated with at least one substrate process at the manufacturing system and an indication of
one or more cleaning criteria that trigger initiation of the sequence of cleaning operations
during a cleaning process at a process chamber of the manufacturing system. The method
further includes generating a set of instructions corresponding to the sequence of cleaning
operations. The method can further include, responsive to detecting that at least one of the one
or more cleaning criteria is satisfied, executing the generated set of instructions to initiate the

sequence of cleaning operations at the process chamber.
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[0004] In some embodiments, a system includes a memory and a processing device coupled
to the memory. The processing device is to provide a graphical user interface (GUI) of a
cleaning process sequence component associated with a manufacturing system. The GUI
enables a user of the manufacturing system to provide a sequence of operations for cleaning
processes at the manufacturing system. The processing device can also receive, via the GUI,
an indication of a sequence of operations associated with a cleaning process to be performed at
a process chamber of the manufacturing system. The processing device can also generate a set
of instructions associated with the cleaning process based on the provided indication of the
sequence. The processing device can also transmit the generated set of instructions to a system
controller associated with the manufacturing system.

[0005] In some embodiments, a non-transitory computer readable storage medium includes
instructions that, when executed by a processing device, cause the processing device to receive,
from a client device connected to a manufacturing system, an indication of a sequence of
cleaning operations associated with at least one substrate process at the manufacturing system
and an indication of one or more cleaning criteria that trigger initiation of the sequence of
cleaning operations during a cleaning process at a process chamber of the manufacturing
system. The processing device can also generate a set of instructions corresponding to the
sequence of cleaning operations. The processing device can also, responsive to detecting that
at least one of the one or more cleaning criteria is satisfied, execute the generated set of

instructions to initiate the sequence of cleaning operations at the process chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present disclosure is illustrated by way of example, and not by way of limitation,
in the figures of the accompanying drawings in which like references indicate similar elements.
It should be noted that different references to “an” or “one” embodiment in this disclosure are
not necessarily to the same embodiment, and such references mean at least one.

[0007] FIG. 1 depicts an illustrative computer system architecture, according to aspects of
the present disclosure.

[0008] FIG. 2 is a block diagram of an example sequencer engine, according to aspects of
the present disclosure.

[0009] FIGs. 3A-3C illustrate example graphical user interfaces (GUIs) to enable a user of
a manufacturing system to provide a sequence of cleaning operations, according to aspects of

the present disclosure.
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[0010] FIGs. 4A-4B illustrate example semantic dependency trees associated with a cleaning
process, according to aspects of the present disclosure.

[0011] FIG. S is a flow diagram for an example method of cleaning process sequence
management, according to aspects of the present disclosure.

[0012] FIG. 6 is a flow diagram for an example method of cleaning process sequence
management, according to aspects of the present disclosure.

[0013] FIG. 7 is a block diagram illustrating a computer system, according to certain

embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] Embodiments disclosed herein include methods and systems for cleaning process
sequence management. A manufacturing system can include process chambers that are
configured to perform processes for a substrate placed within the process chambers (referred
to as a substrate process herein). In some embodiments, a substrate process can include a
deposition process (e.g., a chemical vapor deposition (CVD) process, an atomic layer
deposition (ALD) process, a physical vapor deposition (PVD) process, etc.) to deposit a thin
film on a surface of a substrate. In other or similar embodiments, a substrate process can include
an etch process to etch away portions of a material deposited on the surface of a substrate to
create a target pattern. Cleaning processes can be performed at the respective process chambers
of the manufacturing system to maintain the components of the process chamber and an
environment within the process chamber for each substrate process performed. A pre-cleaning
process refers to a cleaning process that is performed before a substrate is placed in a process
chamber and a substrate process is initiated. For example, a pre-cleaning process can be
performed at a process chamber to deposit a protective film on the surfaces of one or more
components of the process chamber (e.g., a chamber seasoning process) before an etch process
is initiated. A post-cleaning process refers to a cleaning process that is performed after a
substrate process is completed at a process chamber and a processed substrate is removed from
the chamber. For example, a post-cleaning process can be performed to remove material
deposited on the surfaces of one or more components of the process chamber during a
deposition process. In another example, a post-cleaning process can be performed to remove
particles that remain in a process chamber after completion of an etch process.

[0015] An operator of the manufacturing system (e.g., an engineer, etc.) can seek to adjust
and/or enhance cleaning processes performed at a manufacturing system. In conventional

systems, to adjust or enhance a cleaning process for a manufacturing system, the operator can
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provide information associated with a target cleaning process adjustment or enhancement to an
entity responsible for managing control logic associated with the manufacturing system. The
entity can design and/or develop a program associated with the target cleaning process
adjustment or enhancement and run tests or experiments on the program. Once the program is
successfully tested and validated for use at the manufacturing system, the entity can provide
the program to the operator of the manufacturing system and the operator can load execute the
program (e.g., via a processing device associated with the manufacturing system) to perform
the cleaning process in accordance with the adjustment or enhancement at a process chamber.
[0016] In view of the above, it can take a significant amount of time to implement even a
simple adjustment or enhancement for a cleaning process at a manufacturing system.
Additionally, as electronic devices become more detailed and complex, the substrate processes
performed at a manufacturing system can become more advanced and complex and frequent
updates can be implemented to respective substrate process recipes. In some instances, the pre-
and/or post- cleaning processes are updated or enhanced to account for the updates to a
respective substrate process recipe and the updated substrate process recipe cannot be
implemented until the updated or enhanced cleaning processes are available for the
manufacturing system. As it can take a significant amount of time to implement an adjustment
or enhancement for a cleaning process at a manufacturing system, it can accordingly take a
significant amount of time for an updated substrate process recipe to be implemented at the
manufacturing system. Accordingly, the operator can be delayed in implementing an updated
substrate process recipe at a manufacturing system and, in some instances, the process chamber
of the manufacturing system can sit idle until the adjustment or enhancement for the cleaning
process is available at the manufacturing system. The delayed implementation and/or idle time
period for the processing chamber can decrease the throughput for the manufacturing system,
which can increase an overall system latency and decrease an overall system efficiency.

[0017] Insome instances, the process chambers at a manufacturing system can be configured
to perform different types of substrate processes. For example, the process chambers at a
manufacturing system can be configured to perform etch processes and deposition processes.
In such systems, a control logic associated with each process chamber can be specific to the
type of substrate process performed at the process chamber. For example, the control logic for
an etch chamber can be different from the control logic for a deposition chamber. To update or
enhance a cleaning process performed at the respective types of process chamber, an operator
of the manufacturing system can request the updated be implemented in the control logic for

each type of process chamber. The entity associated with managing the control logic for the
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process chambers can design, develop, and/or test separate programs for the control logic
associated with each type of process chamber, as described above. Accordingly, it can take an
even larger amount of time to update or enhance a cleaning process for different types of
process chambers of a manufacturing system, and the delayed implementation and/or idle time
for a process chamber (i.e., for implementation of an updated substrate process recipe) can
further decrease the throughput for the manufacturing system, which can further increase the
overall system latency and further decrease overall system efficiency.

[0018] Embodiments of the present disclosure are directed to methods and systems for
cleaning process management. A cleaning process sequence component (e.g., residing on a
client device connected to a manufacturing system, of a system controller associated with the
manufacturing system, etc.) can provide a graphical user interface (GUI) to a user (e.g., an
operator, an engineer, etc.) of the manufacturing system via the client device connected to the
manufacturing system. The GUI can enable the user to add and/or modify a type of operation
and/or a sequence of operations for a cleaning process performed at a process chamber of the
manufacturing system. In some embodiments, the GUI can enable the user to add and/or modify
a type of operation and/or a sequence of operations for cleaning process associated with
multiple types of substrate processes (e.g., etch processes, deposition processes, etc.)
performed at the manufacturing system.

[0019] The cleaning process sequence component can receive an indication of a sequence of
operations associated with a cleaning process via the GUI Responsive to receiving the
indication of the sequence of operations, the cleaning process sequence component can
generate a set of instructions associated with the cleaning process based on the provided
sequence of operations. For example, the cleaning process sequence component can determine
one or more cleaning criteria that trigger initiation of the sequence of operations at the process
chamber and can update a semantic dependency tree associated with the cleaning process to
include one or more nodes associated with determined cleaning criteria and the sequence of
operations. The cleaning process sequence component can translate each cleaning operation
associated with a respective node of the updated semantic dependency tree into a respective
instruction of the set of instructions. The cleaning process sequence component can transmit
the generated set of instructions to the system controller (or another component of the system
controller), in some embodiments. During a runtime of the manufacturing system, the system
controller can execute the set of instructions to initiate the cleaning process at the process
chamber. For example, in response to detecting that the cleaning criteria associated with the

sequence of operations provided via the GUI is satisfied, the system controller can execute the
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instructions associated with the sequence of operations to perform at least a portion of the
cleaning process at the process chamber.

[0020] Implementations of the present disclosure address the above described deficiencies
of the current technology by providing techniques for enabling a user (e.g., an operator, an
engineer, etc.) of a manufacturing system to manage adjust or enhance a cleaning process at a
manufacturing system via a client device connected to the manufacturing system. The GUI
provided by the cleaning process sequence component via the client device can enable the user
to add and/or modify a type of operation and/or a sequence of operations for a cleaning process
associated with a type of substrate process performed for a substrate at a manufacturing system.
The cleaning process sequence component can generate a set of instructions associated with
the user-provided sequence of operations for the cleaning process and a system controller can
execute the set of instructions in accordance with a cleaning criteria associated with the
cleaning process, as described above. Accordingly, the user of the manufacturing system can
implement an update or adjustment to a cleaning process at a manufacturing system without
requesting the update or adjustment of the cleaning from an entity that maintains the control
logic for the manufacturing system. Therefore, updating or adjusting a cleaning process at a
manufacturing system can take less time, and the amount of time to implement a new substrate
process recipe is significantly reduced. Accordingly, an overall throughput of the
manufacturing system can be significantly increased, which can increase an overall efficiency
and decrease an overall latency of the manufacturing system.

[0021] FIG. 1 depicts an illustrative computer system architecture 100, according to aspects
of the present disclosure. In some embodiments, computer system architecture 100 can be
included as part of a manufacturing system (e.g., for processing substrates, etc.). Computer
system architecture 100 (also referred to herein as computer system 100) includes a client
device 106, manufacturing equipment 124, a data store 130, and one or more server machines
(e.g., server machine 140, server machine 150, etc.). In some embodiments, client device 106,
manufacturing equipment 124, data store 130, server machine 140 and/or server machine 150
can be connected via a network 120. In some embodiments, network 120 can include a public
network (e.g., the Internet), a private network (e.g., a local area network (LAN) or wide area
network (WAN)), a wired network (e.g., Ethernet network), a wireless network (e.g., an 802.11
network or a Wi-Fi network), a cellular network (e.g., a Long Term Evolution (LTE) network),
routers, hubs, switches, server computers, and/or a combination thereof.

[0022] Manufacturing equipment 124 can include equipment that produces products (e.g.,

electronic devices, etc.) following a recipe or performing runs over a period of time. In some
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embodiments, manufacturing equipment 124 can include one or more process chambers
configured to perform a substrate process on one or more substrates. A substrate process can
refer to a deposition process (e.g., a process to deposit a thin layer of material on a surface of
a substrate), an etch process (e.g., a process to etch away portions of a material deposited on a
surface of a substrate), and so forth. In some embodiments, a deposition process can include a
CVD process, an ALD process, a PVD process, etc. In some embodiments, the one or more
process chambers can be configured to perform a cleaning process before, after, and/or during
a substrate process performed for a substrate. A pre-cleaning process refers to a series or
sequence of operations to prepare a process chamber and/or a substrate for a substrate process
performed at the process chamber. For example, a pre-cleaning process for an etch chamber
can include one or more operations associated with depositing a protective material on the
surfaces of one or more components of the etch chamber to protect the components during an
etch process. A post-cleaning process refers to a series or sequence of operations performed
after a substrate process is completed at the process chamber. For example, a post-cleaning
process can include one or more operations associated with removing a material deposited on
the surfaces of one or more components of a deposition chamber after completion of a
deposition process. In another example, a post-cleaning process can include one or more
operations associated with removing one or more particles from an etch chamber after an etch
process is performed to etch away portions of a material from a surface of a substrate. In some
embodiments, the post-cleaning process can be performed before or after a substrate is removed
from the process chamber. In additional or alternative embodiments, the post-cleaning process
can be performed after another object (e.g., a dummy substrate, a dummy wafer) is placed in
the process chamber after a processed substrate is removed.

[0023] In some embodiments, system controller 142 (e.g., residing on server machine 140)
can be configured to execute instructions associated with performing one or more processes at
manufacturing equipment 124. In some embodiments, system controller 142 can be configured
to execute instructions associated with different types of processes associated with different
types of equipment. For example, system controller 142 can be configured to execute one or
more sets of instructions associated an etch process to facilitate performance of the etch process
at a process chamber. In another example, system controller 142 can be configured to execute
one or more sets of instructions associated with a pre- and/or post-clean process to facilitate
performance of the pre- and/or post-clean process at the process chamber. In yet another

example, system controller 142 can be configured to execute instruction associated with a load
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lock, an aligner station, a cooling station, a storage station, a metrology station, and so forth of
manufacturing equipment 124.

[0024] Data store 130 can store process libraries 132 associated with each type of process
that can be performed at manufacturing equipment 124. A library refers to a set of resources,
such as executable program files, configuration files, etc., associated with performing a process
at manufacturing equipment 124. In some embodiments, a process library 132 can include one
or more sets of instructions executed by system controller 142 to perform a particular step or
operation of a process at manufacturing equipment 124. As illustrated in FIG. 1, data store 130
can include a clean library 134 that includes one or more sets of instructions executed by system
controller 142 to perform pre- and/or post-clean processes that can be performed at a process
chamber. Data store 130 can also store one or more process recipes 136. A process recipe 136
can indicate one or more steps and/or operations that are to be performed during a particular
process at manufacturing equipment 124. A process recipe 126 can also indicate one or more
process settings (e.g., process chamber temperature, process chamber pressure, process
chamber gas composition, etc.) to be applied during performance of the particular process.
System controller 142 can execute instructions included in one or more process libraries 132
in view of a process recipe 136 for a particular process, in accordance with embodiments
described herein.

[0025] Sequencer engine 152 (e.g., residing on server machine 150) can be configured to
define a sequence of processes and/or steps or operations of processes to be performed at
manufacturing equipment 124. Sequencer engine 152 can obtain (e.g., from client device 106)
an indication of a target sequence of processes to be performed at manufacturing equipment
124 and can identify one or more process recipes 136 associated with each of the sequence of
processes from data store 130. As indicated above, the instructions associated with one or more
steps or operations of the process recipes 136 can be identified in one or more process libraries
132. For example, sequencer engine 152 can obtain an indication of a target sequence for a
post-clean process to be performed at a process chamber after completion of an etch process
and/or a deposition process. Sequencer engine 152 can identify one or more process recipes
136 associated with each step or operation of the post-post clean process. The identified process
recipes 136 can correspond to one or more clean libraries 134 of data store 130. Sequencer
engine 152 can generate a sequence of instructions to be executed in accordance with the target
sequence for the post-clean process based on instructions included in the one or more
corresponding clean libraries 134 at data store 130. Sequencer engine 152 can provide the

generated sequence of instructions to system controller 142, and system controller 142 can
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execute the generated sequence of instructions to perform the post-clean process. Further
details regarding sequencer engine 152 are provided with respect to FIG. 2.

[0026] As indicated above, sequencer engine 152 can obtain an indication of a target
sequence of processes from client device 106. Client device 106 can be, or can be a component
of, devices, such as, but not limited to: televisions, smart phones, cellular telephones, personal
digital assistants (PDAs), portable media players, netbooks, laptop computers, electronic book
readers, tablet computers, desktop computers, set-top boxes, gaming consoles, a computing
device for an autonomous vehicles, a surveillance device, and the like. In some embodiments,
a cleaning process sequence component 160 of system 100 (also referred to as cleaning
component 160 herein) can provide a graphical user interface (GUI) via client device 106,
which enables a user of client device 106 to provide an indication of the sequence of processes
to be performed at manufacturing equipment 124. In some embodiments, the cleaning
component 160 can be a logical component of system controller 142 and/or sequencer engine
152. Accordingly, one or more portions of the cleaning component 160 can reside at server
machine 140 and/or server machine 150, in some embodiments. Further details regarding the
cleaning component 160 of system 100, system controller 142, and sequencer engine 152 are
provided herein.

[0027] Insomeimplementations, client device 106, manufacturing equipment 124, data store
130, and/or server machines 140-150, can be, or can include, one or more computing devices
computing devices (such as a rackmount server, a router computer, a server computer, a
personal computer, a mainframe computer, a laptop computer, a tablet computer, a desktop
computer, etc.), data stores (e.g., hard disks, memories, databases), networks, software
components, and/or hardware components that can be used to enable object detection based on
an image. It should be noted that in some other implementations, the functions client device
106, manufacturing equipment 124, data store 130, and/or server machines 140-150 can be
provided by a fewer number of machines. For example, in some implementations server
machines 140 and/or 150 can be integrated into a single machine, while in other
implementations server machines 140 and 150 can be integrated into multiple machines. In
addition, in some implementations one or more of server machines 140 and 150 can be
integrated into client device 106.

[0028] FIG. 2is ablock diagram of an example sequencer engine 152 and an example system
controller 142, according to aspects of the present disclosure. As illustrated in FIG. 2,
sequencer engine 152 can include a process sequence data module 212, a dependency tree

generator module 214, and/or an instruction set generator module 216, in some embodiments.
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System controller 142 can include an instruction set execution module 220, in some
embodiments. Some embodiments of the present disclosure are described with respect to a
cleaning process sequence component 160 (also referred to as a cleaning component) of system
100. Sequencer engine 152 and/or system controller 142 may be connected (e.g., via a network)
to data store 250. In some embodiments, data store 250 may correspond to data store 113,
described with respect to FIG. 1.

[0029] In some embodiments, the cleaning component can include each module of sequencer
engine 152 and system controller 142. For example, the cleaning component can include
process sequence data module 212, dependency tree generator module 214, instruction set
generator module 216, and/or instruction set execution module 220 of sequencer engine 152
and system controller 142. In other or similar embodiments, the cleaning component can
include one or modules of sequencer engine 152. For example, the cleaning component can
include process sequence data module 212, dependency tree generator module 214, and/or
instruction set generator module 216. It should be noted that although some embodiments of
the present disclosure are described with respect to one or more modules of sequencer engine
152 and/or system controller 142, each embodiments of the present disclosure can be performed
by one or more modules associated with the cleaning component.

[0030] As described with respect to FIG. 1, the cleaning component of system 100 can
provide a graphical user interface (GUI) 210, which enables a user of system 100 to provide an
indication of a target sequence of processes to be performed at manufacturing equipment 124.
FIG. 3A illustrates an example portion 310 of GUI 210, according to aspects of the present
disclosure. In some embodiments, portion 310 of GUI 210 can include a first section 312 and
a second section 320. Section 312 can include one or more GUI elements that enable a user of
system 100 to provide an indication of one or more substrate processes to be performed at
manufacturing equipment 124. For example, as illustrated in FIG. 3A, section 312 can include
a GUI element 314 that enables a user to indicate one or more pieces of equipment (e.g., process
chambers) of manufacturing equipment 124 that are to perform the indicated process. Section
312 can also include another GUI element 316 that enables the user to indicate the one or more
process recipes 136 (e.g., stored at data store 250) that are to be performed at the indicated
pieces of equipment, and one or more additional GUI elements 318 that enable the user to
indicate one or more parameter settings (e.g., process temperature, process gas composition,
process chamber pressure, etc.) associated with the indicated process recipes. In some
embodiments, GUI elements 314, 316, and/or 318 can include a text box that enables the user

to provide text indicating the data associated with the substrate process (e.g., the piece of
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equipment that is to perform the process, the one or more process recipes to be performed, one
or more parameter settings for the process recipes, etc.). In other or similar embodiments, GUI
elements 314, 316, and/or 318 can include other types of GUI elements (e.g., a drop down
menu, etc.) that enable the user to provide and/or select data to be associated with a substrate
process. FIG. 3A depicts a simplified example section 312 of a portion 310 of GUI 210 (i.e.,
section 312 includes GUI elements 318 that enable the user to indicate settings for parameters
A-N). However, in additional or alternative embodiments, section 312 can include multiple
additional GUI elements 318 that enable the user to indicate multiple settings and/or ranges of
settings for each operation or step of process recipes 136.

[0031] In other or similar embodiments, section 320 of portion 310 can include one or more
GUI elements that enable the user of system 100 to provide an indication of one or more
cleaning processes (also referred to as clean processes herein) to be performed at manufacturing
equipment 124. As described above, a cleaning process refers to a process performed before
(i.e., a pre-clean process), during, and/or after (i.e., a post-clean process) a substrate process at
manufacturing equipment 124. In some embodiments, the one or more cleaning process can be
associated with the substrate process indicated in section 312 of portion 310. For example, if
the user of system 100 indicates, via section 312, that an etch process is to be performed via
one or more process chambers of manufacturing equipment 124, the cleaning process indicated
by section 320 can be associated with the etch process and can be performed before, during,
and/or after the etch process. It should be noted that some embodiments the present disclosure
are directed to an etch process and/or a deposition process, or a cleaning process for an etch
process and/or a deposition process, at a process chamber of manufacturing equipment 124.
However, embodiments of the present disclosure can be applied to any type of process, or
cleaning process, performed at any piece of equipment of manufacturing equipment 124,
[0032] In some embodiments, section 320 can include one or more GUI elements (e.g., GUI
elements 322, 324, etc.) that enable the user to provide an indication of a pre-cleaning process
that is to be performed at the one or more pieces of equipment (i.e., before the substrate process
indicated by section 312 is performed). GUI element 322 can enable the user to provide (e.g.,
type) or select (e.g., via a drop down menu, etc.) an existing pre-clean process recipe that is to
be performed before the substrate process in some embodiments. In additional or alternative
embodiments, GUI element 324 can enable the user to provide a custom pre-clean process
sequence, in accordance with embodiments described with respect to FIG. 3B. Section 320 can
further include one or more GUI elements (e.g., GUI elements 326, 328, etc.) that enable the

user to provide an indication of a post-cleaning process that is to be performed at the one or
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more pieces of equipment (e.g., after the substrate process indicated by section 312 is
performed). GUI element 326 can enable the user to provide or select an existing post-cleaning
process recipe, as described above. In additional or alternative embodiments, GUI element 328
can enable the user to provide a custom post-clean process sequence, in accordance with
embodiments described with respect to FIG. 3C. In some embodiments, section 320 can
include additional GUI elements that enable the user to provide an indication of other cleaning
processes associated with the substrate process. For example, section 320 can include GUI
elements that enable the user to provide an indication of a periodic cleaning process (e.g., a
cleaning process that is to be performed in view of a time parameter rather than in view of a
substrate process performed at manufacturing equipment 124), and so forth.

[0033] Asindicated above, section 320 can include a GUI element 324 that enables the user
to provide a custom pre-clean process sequence. In response to the user engaging with GUI
element 324, another portion of GUI 210 can enable the user to provide data associated with
the custom pre-clean process sequence, in some embodiments. FIG. 3B depicts an example
portion 330 of GUI 210 that enables the user to provide data associated with a custom pre-
cleaning process sequence 332, according to some aspects of the present disclosure. In some
embodiments, portion 330 can provide one or more GUI elements that enable the user to
indicate one or more steps and/or operations associated with the pre-cleaning process sequence
332. For example, portion 330 can include a GUI element 334 that enables the user to add one
or more steps and/or operations to the cleaning process sequence 332. GUI element 334 can be
a button, or another type of GUI element. In response to detecting that the user has engaged
with GUI element 334, the cleaning component that provides GUI 210 can update portion 330
to enable the user to provide data associated with the added steps and/or operations, in
accordance with embodiments described herein.

[0034] In some embodiments, portion 330 can include a GUI element 336 that enables a user
to provide an indication of an ordering of a respective step or operation of cleaning process
sequence 332. For example, GUI element 336 can enable the user to indicate that a particular
step and/or operation of cleaning process sequence 332 is to be performed first in the sequence,
another step and/or operation is to be performed second in the sequence, and so forth. The
ordering of a respective step or operation of sequence 332 can correspond to an ordering or
priority at which each step or operation of sequence 332 is considered by system controller
142. Further details regarding the priority of a respective step and/or operation of sequence 332

are described with respect to FIGs. 4A-4B below.
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[0035] Insomeembodiments, portion 330 can further include a GUI element 338 that enables
a user to provide an indication of an event that can trigger execution of one or more instructions
associated with the step and/or operation (referred to as a triggering event herein). In some
embodiments, GUI element 338 can enable the user to select one or more triggering events
(e.g., from a list of triggering events for system 100). For example, GUI element 338 can be a
drop down menu, or other type of GUI element, that enables the user to select one or more
triggering events from a pre-defined list of triggering events. In other or similar embodiments,
GUI element 338 can enable the user to provide an indication (e.g., by typing, etc.) of the
triggering event. As illustrated in FIG. 3B, one or more steps and/or operations of sequence
332 can be associated with an “always”-type triggering event. An “always” type triggering
event can trigger execution of a step and/or operation of sequence 332 each instance that the
sequence 332 is considered by system controller 142. In other or similar embodiments, one or
more steps and/or operations of sequence 332 can be associated with other types of triggering
events, such as a “substrate ID change” type triggering event (e.g., an event that triggers
execution of a step and/or operation of sequence 332 when an identifier (ID) associated with a
prior substrate at manufacturing equipment 124 is different from the ID associated with a
current substrate at manufacturing equipment 124, etc.). Some examples of triggering events
can also include “sequence ID change” type triggering events (e.g., events that trigger a step
and/or operation when a sequence ID associated with a prior substrate is different from the
sequence ID associated a current substrate), “lot ID change” type triggering events (e.g., events
that trigger a step and/or operation when a lot ID associated with a prior substrate is different
from the lot ID associated a current substrate), “process job (PJ) ID change” type triggering
events (e.g., events that a trigger step and/or operation when a PJ ID associated with a prior
substrate is different from the PJ ID associated a current substrate), “carrier ID change” type
triggering events (e.g., events that trigger a step and/or operation when a carrier ID associated
with a prior substrate is different from the carrier ID associated a current substrate), “a force
pre-clean” type triggering event (e.g., events that trigger a step and/or operation when a force
pre-clean condition defined by the user is satisfied), “equipment fault,” type triggering events
(e.g., events that trigger a step and/or operation when one or more pieces of manufacturing
equipment 124 fail), and so forth.

[0036] Portion 330 can further include one or more GUI elements 340 that enable the user to
provide an indication of one or more triggering conditions associated with initiating the step
and/or operation of sequence 332. A triggering condition refers to one or more conditions that

are to be satisfied in order to trigger execution of the step and/or operation of sequence 332. In
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some embodiments, a triggering condition can be associated with the triggering event provided
by the user via GUI element 338. In other or similar embodiments, the triggering condition can
be independent of the provided triggering event. As illustrated in FIG. 3B, the user can provide,
using GUI elements 340, that an operation having a priority of “1” is to be performed if the
chamber idle time is greater than or equal to 1200 seconds. In another example, the user can
provide, using GUI elements 340, that an operation having a priority of “2” is to be performed
if the number of substrates processed at a process chamber is greater than or equal to 1. Other
types of triggering conditions can correspond to a thickness of a material deposited and/or
etched from a surface of a substrate, a number of carriers that have been processed at
manufacturing equipment 124, an amount of time that power equipment (e.g., RF power
equipment) has been idle at manufacturing equipment 124, an amount of time that power (e.g.,
RF power) has been provided at manufacturing equipment 124, an amount of power (e.g., RF
power, DC power) that has been provided at manufacturing equipment 124, and so forth. In
some embodiments, in response to detecting that the user has engaged with one or more GUI
elements 340, the cleaning component of system 100 can update GUI 210 to include an
additional portion (not shown) that enables the user to define the one or more triggering
conditions for a respective step and/or operation of sequence 332. For example, the additional
portion of GUI 210 can enable the user to select or otherwise provide a type of triggering
condition associated with the step and/or operation and provide an indication of the condition
that is to be satisfied. In an illustrative example, the additional portion of GUI 210 can enable
the user to select or otherwise provide a triggering condition of a substrate count and select or
otherwise provide a condition that the value of the substrate count is to equal 1 in order for the
step and/or operation to be triggered.

[0037] Portion 330 can include one or more GUI elements 342 that enable the user to provide
an indication of whether system controller 142 is to perform steps and/or operations of
sequence 332 one or more times (i.e., in a loop) before proceeding to the next step and/or
operation of the sequence 332. As illustrated in FIG. 3B, the user can provide, using GUI
elements 342, that an operation having a priority of “1” is to be performed twice before an
operation having a priority of “2” is to be performed. In additional or alternative embodiments,
GUI elements 342 can further enable the user to provide additional conditions associated with
the number of times a step and/or operation of sequence 332 is to be performed. For example,
GUI elements 342 can enable the user to provide that an operation having priority of “1” is to

be performed twice, only if the chamber idle time is greater than or equal to 1200 seconds.
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Otherwise, the system controller 142 is to execute instructions associated with the operation
having the priority of “2.”

[0038] One or more GUI elements 344 of portion 330 can enable the user to define when a
variable associated with a triggering condition is to be reset. As illustrated in FIG. 3B, the user
can provide, using GUI elements 344, that a variable is to be reset automatically after execution
of one or more steps and/or operations of cleaning process sequence 332 (e.g., indicated by
“Auto Reset.”). GUI elements 334 can enable the user to define other instances when a variable
associated with a triggering condition is to be reset, in some embodiments.

[0039] Portion 330 can include one or more GUI elements 346 that enable the user to provide
an indication of one or more process recipes 136 that are to be executed for the step and/or
operation of sequence 332. In some embodiments, in response to detecting that the user has
engaged with GUI elements 346, the cleaning component of system 100 can update GUI 210
to indicate one or more cleaning process recipes that are stored in data store 250. The user can
select (e.g., click) on a particular cleaning process recipe that is to be executed for the step
and/or operation of sequence 332. In other or similar embodiments, GUI elements 346 can
enable the user to provide (e.g., upload) a file associated with a cleaning process recipe that is
to be executed for the step and/or operation of sequence 332. As illustrated in FIG. 3B, GUI
elements 346 can enable the user to select (or otherwise provide) multiple different process
recipes 136 to be executed for the step and/or operation of sequence 332.

[0040] It should be noted that portion 330 can include additional GUI elements (not shown)
that enable the user to provide additional data associated with one or more steps and/or
operations of sequence 332. For example, portion 330 can include additional GUI elements
that enable the user to provide (e.g., type) a name or ID associated with each step and/or
operation of sequence 332. In another example, portion 330 can include an additional GUI
element that enables the user to provide an indication of whether each step and/or operation of
sequence 332 is to be considered by system controller 142 for execution at manufacturing
equipment 124 regardless of whether an operation having a higher priority is executed by
system controller 142 (referred to herein as a back-to-back cleaning process sequence). The
user can alternatively provide an indication, using the additional GUI element, of whether only
the triggered steps and/or operations (i.e., in view of the triggering event and/or triggering
condition) having the highest priority are to be considered by system controller 142 for
execution at manufacturing equipment 124 (referred to herein as a priority cleaning process
sequence). For a priority cleaning process sequence, once an operation of sequence 332 is

executed, operations having a lower priority than the triggered operations are not considered
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for execution. Portion 330 can further enable the user to indicate whether particular types of
components are to be used during execution of operations of sequence 332. For example,
portion 330 can include additional GUI elements that enable the user to provide an indication
of whether a dummy substrate (e.g., a substrate that is designated for cleaning processes) is to
be moved into a process chamber during one or more operations of sequence 332. The
additional GUI elements can further enable the user to provide an indication of how to select
which dummy substrate to be moved into the chamber (e.g., select the least recently used
dummy substrate, etc.).

[0041] Asindicated with respect to FIG. 3A, section 320 can include a GUI element 328 that
enables a user to provide a custom post-clean process sequence. In response to the user
engaging with GUI element 328, another portion of GUI 210 can enable the user to provide
data associated with the custom post-clean process sequence, in some embodiments. FIG. 3C
depicts an example portion 350 of GUI 210 that enables the user to provide data associated
with a custom post-cleaning process sequence 352, according to some aspects of the present
disclosure. In some embodiments, portion 350 can include one or more GUI elements that are
the same or similar to GUI elements included in portion 330. For example, portion 350 can
include one or more GUI elements 334 that enable a user to add one or more steps and/or
operations to the cleaning process sequence 352, as described above. Portion 350 can also
include one or more GUI elements 336 that enable the user to provide an indication of an
ordering or a priority of a respective step or operation of cleaning process sequence 352, in
accordance with previously described embodiments.

[0042] One or more GUI elements 338 can enable the user to provide an indication of an
event that can trigger execution of instructions associated with a respective step and/or
operation, as described previously. In some embodiments, the triggering events that can trigger
a respective step and/or operation of cleaning process sequence 352 can correspond to the
triggering events described with respect to sequence 332. For example, the triggering events
can include an “always” type triggering event, an “equipment fault” type triggering event, and
so forth. In other or similar embodiments, the triggering events that can trigger a step and/or
operation of cleaning process sequence 352 can be different from the triggering events
described with respect to sequence 332. For example, the triggering events can include a
“sequence end” type triggering event (e.g., events that trigger a step and/or operation when a
sequence of steps and/or operations associated with a substrate process are completed), a “last
substrate from carrier” type triggering event (e.g., events that trigger a step and/or operation

when a carrier associated with one or more prior substrates processed by manufacturing
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equipment 124 is empty), among other types of triggering events. In additional or alternative
embodiments, portion 350 can provide one or more GUI elements 340, 342, 344, and 346, as
described with respect to portion 330. Portion 350 can provide additional GUI elements that
enable the user to provide additional data associated with a respective step and/or operation of
cleaning process sequence 352, in accordance with previously described embodiments.

[0043] As indicated above, some embodiments of the present disclosure provide that a user
can provide data associated with steps and/or operations of a pre-cleaning process sequence
332 wvia portion 330 of GUI 210 and/or data associated with steps, operations, and/or data
associated with steps and/or operations of a post-cleaning process sequence 352 via portion
350 of GUI 210. However, it should be noted that the user can provide data associated with the
pre- and/or post-cleaning process sequences via portion 330 or alternatively via portion 350, in
some embodiments. It should also be noted that portion 330 and/or portion 350 can include
GUI elements that enable the user to provided data associated with other cleaning processes
(e.g., periodic cleaning processes, etc.), in accordance with embodiments described herein.
[0044] Referring back to FIG. 2, the user of system 100 can provide data associated with the
pre-and/or post-cleaning process sequences via GUI 210, in accordance with previously
described embodiments. In some embodiments, client device 106 can store the provided data
at data store 250 (e.g., as data associated with cleaning process sequence 352). In other or
similar embodiments, client device 106 can provide the data associated with cleaning process
sequence 352 to sequencer engine 152. Process sequence data module 212 of sequencer engine
152 can be configured to obtain data associated with a cleaning process sequence (e.g.,
sequence 332, 352, etc.) provided by a user of system 100, as described above. In some
embodiments, process sequence data module 212 can obtain process sequence data 252 from
data store 250. In other or similar embodiments process sequence data module 212 can obtain
process sequence data 252 directly from client device 106, as described above.

[0045] In some embodiments, process sequence data module 212 can determine whether the
sequence provided by client device 106 satisfies a validation criterion in view of one or more
conditions associated with the process chamber. For example, process sequence data module
212 can determine whether a particular step and/or operation of the sequence can be performed
following another step and/or operation of the sequence, in view of one or more conditions
and/or constraints associated with the process chamber. In response to determining the steps
and/or operations can be performed in view of the conditions and/or constraints of the process
chamber, process sequence data module 212 can determine that the sequence satisfies the

validation criterion. In response to determining that the steps and/or operations cannot be
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performed in view of the conditions and/or constraints, process sequence data module 212 can
determine that the sequence does not satisfy the validation criterion. In such embodiments,
process sequence data module 212 can provide a notification to client device 106 indicating
that the cleaning sequence cannot be performed at the process chamber. Client device 106 can
provide the notification to the user (e.g., via GUI 210).

[0046] In response to process sequence data module 212 obtaining process sequence data
252, dependency tree generator module 214 can generate and/or update a dependency tree
associated with the cleaning process sequence (e.g., sequence 332, 352) corresponding to the
obtained process sequence data 252. The dependency tree can be a semantic dependency tree,
in some embodiments. In some embodiments, dependency tree generator module 214 can parse
through the process sequence data 252 and identify one or more cleaning criteria associated
with the sequence of steps and/or operations of the sequence 332, 352. The cleaning criteria
associated with the steps and/or operations of the sequence 332, 352 can correspond to data
provided by the user via GUI elements 336, 338, 340, 342, 344, and/or 346 (e.g., step and/or
operation priority, triggering event, triggering condition, loop, reset variable, clean recipe, etc.).
Dependency tree generator module 214 can generate and/or update the dependency tree based
on the triggering events and/or conditions of the identified cleaning criteria, in some
embodiments. In some embodiments, dependency tree generator module 214 can further
generate and/or update the dependency tree based on additional data associated with the
sequence 332, 352 (e.g., whether sequence 332, 352 is a back-to-back process sequence or a
priority process sequence, etc.).

[0047] FIG. 4A illustrates an example semantic dependency tree 400 associated with pre-
cleaning process sequence 332, according to some aspects of the present disclosure.
Dependency tree 400 can include one or more nodes that correspond to cleaning criteria and/or
cleaning process recipes provided by the user via portion 330 of GUI 210, as described above.
As described with respect to FIG. 3B, instructions associated with a step and/or operation
associated with a priority of “1” (referred to as a first step and/or operation of sequence 332)
can be executed (i.e., in accordance with the “always” based triggering event) if the chamber
idle time associated with a particular process chamber of manufacturing equipment 124 is equal
to or greater than 1200 seconds (i.e., as defined by the triggering condition for the step and/or
operation). If the triggering event and/or triggering condition associated with the first step
and/or operation are satisfied, then instructions associated with cleaning process recipe 1 and
cleaning process recipe 2 (i.e., as indicated by GUI element 346 of portion 330) are to be
executed twice in a loop (i.e., as indicated by GUI element 342). As illustrated in FIG. 4A,
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dependency tree 400 can include a first node 402 that provides that a determination is to be
made (e.g., by system controller 142), upon execution of the set of instructions associated with
sequence 332, of whether the triggering condition for the step and/or operation is satisfied (i.e.,
whether the chamber idle time is equal or greater than 1200 seconds). The determination
associated with node 402 can always be considered (e.g., by system controller 142) in
accordance with the indication of the “always” type triggering event for the first step and/or
operation of sequence 332, as described above.

[0048] If the triggering condition associated with node 402 is not satisfied, dependency tree
400 provides that node 416 is to be considered, in accordance with embodiments described
below. If the triggering condition associated with node 402 is satisfied, cleaning process recipe
1 and cleaning process recipe 2 are to be performed (e.g., by system controller 142), as
indicated by nodes 404 and 406 of dependency tree 400. After a performance of cleaning
process recipes 1 and 2, node 408 provides that a determination is to be made as to whether
each or cleaning process recipes 1 and 2 have been performed twice (i.e., in accordance with
the loop condition indicated by GUI element 342 of portion 330). If cleaning process recipes 1
and 2 have not been performed twice, dependency tree 400 provides that cleaning process
recipes 1 and 2 are to be performed again, as indicated by edge 410. If cleaning process recipes
1 and 2 have been performed twice, node 412 of dependency tree 400 provides that, optionally,
the chamber idle time counter (i.e., which indicates the amount of time that the process chamber
associated with sequence 332 has been idle) can be reset (e.g., in view of the “Auto Reset”
indication of GUI element 344 of portion 330). In additional or alternative embodiments, the
chamber idle time counter can be reset before operations associated with nodes 404-408 are
performed, as illustrated in FIG. 4A.

[0049] In some embodiments, the user of system 100 can indicate (i.e., via GUI 210) whether
sequence 332 is a back-to-back cleaning process sequence or a priority cleaning process
sequence, as described above. If the user indicates that sequence 332 is a priority cleaning
process sequence, dependency tree 400 can provide that sequence 332 is to terminate after
cleaning process recipes 1 and 2 are performed (e.g., in accordance with the loop condition
described above). If the user indicates that sequence 332 is a back-to-back cleaning process
sequence, dependency tree 400 can provide that additional nodes associated with other steps
and/or operations of sequence 332 are to be evaluated (e.g., by system controller 142), upon
execution of the set of instructions associated with sequence 332.

[0050] As described with respect to FIG. 3B, instructions associated with a step and/or

operation associated with a priority of “2” (referred to as a second step and/or operation of
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sequence 332) can be executed if a substrate ID triggering event has occurred (i.e., in
accordance with the “substrate ID” type triggering event of GUI element 338) and if the number
of substrates indicated by a substrate counter corresponds to and/or exceeds one substrate (i.e.,
in accordance with the triggering condition of GUI element 340). If the triggering event and
the triggering condition associated with the second step and/or operation are satisfied,
instructions associated with cleaning process recipe 3 (i.e., as indicated by GUI element 346)
are to be executed once (i.e., in accordance with the loop condition indicated by GUI element
342). As illustrated in FIG. 4A, node 416 can provide that a determination is to be made as to
whether a substrate ID has changed (i.e., in accordance with the triggering event of the second
step and/or operation of sequence 332). If the substrate ID has not changed, dependency tree
400 provides that the steps and/or operations of sequence 332 are to be re-considered in
accordance to order of priorities, (e.g., as indicated by the process or flow of tree 400 ending
or terminating). If the substrate ID has changed, node 420 can provide that a determination is
to be made as to whether the value of the substrate counter is greater than or equal to one (i.e.,
in accordance with the triggering condition of the second step and/or operation of sequence
332). If the substrate counter is not greater than or equal to one, dependency tree 400 provides
that the steps and/or operations of sequence 332 are to be re-considered, as described above. If
the substrate counter is greater than or equal to one, node 422 provides that cleaning process
recipe 3 is to be performed (i.e., only once, in accordance with the loop condition indicated by
GUI element 342). In some embodiments, after cleaning process recipe 3 is performed, node
424 indicates that the substrate counter is to be reset (i.e., in accordance with the “Auto Reset”
indication of GUI element 344). In other or similar embodiments, the substrate counter can be
reset before clean process recipe 3 is performed, as illustrated in FIG. 4A.After the substrate
counter is reset and/or clean process recipe 3 is performed, dependency tree 400 provides that
the steps and/or operations of sequence 332 are to be re-considered, as described above.

[0051] FIG 4B illustrates another example semantic dependency tree 450 associated with
post-cleaning process sequence 352, according to some aspects of the present disclosure.
Dependency tree 450 can include one or more nodes that correspond to cleaning criteria and/or
cleaning process recipes provided by the user via portion 350 of GUI 210, as described above.
The nodes and edges of dependency tree 450 can correspond to the indications provided via
GUI elements 336, 338, 340, 342, 344, and/or 346, as described with respect to FIG. 3B and
4A above. For example, nodes 452, 454, 456 and/or 458 can correspond to a step and/or
operation associated with a priority of “1” in sequence 352 (i.e., a first step and/or operation of

sequence 352). Nodes 460, 462, and/or 464 can correspond to the second step and/or operation
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of sequence 352 (i.e., a step and/or operation associated with a priority of “2”). Nodes 466,
468, 470, and/or 472, can correspond to a step and/or operation associated with a second step
and/or operation of sequence 352 (i.e., a step and/or operation associated with a priority of
“37). For purposes of explanation and illustration only, the dashed lines of dependency tree 450
can indicate optional flow paths of dependency tree 450 (e.g., corresponding to whether
sequence 352 is a back-to-back cleaning process or a priority cleaning process). Additionally,
“SC” included in FIG. 4B refers to “substrate count” and “CH” included in FIG. 4B refers to
“chamber hours” in accordance with the triggering events and/or conditions of sequence 352.
[0052] Referring back to FIG. 2, dependency tree generator module 214 can generate a
dependency tree associated with a respective cleaning sequence indicated by the user via GUI
210, such as dependency tree 400 and/or dependency tree 450 described above. Instruction set
generator module 216 can generate a set of instructions associated with the cleaning sequence
based on the generated dependency tree, in some embodiments. For example, instruction set
generator module 216 can parse through a dependency tree and translate each node and edge
into instructions that correspond to respective operations of the sequence of operations. In some
embodiments, instruction set generator module 216 can include instructions associated with a
respective process recipe in the generated set of instructions. For example, in response to
detecting that a node of a dependency tree corresponds to a particular process recipe 136 (e.g.,
cleaning process recipe 1 of node 404, cleaning process recipe 2 of node 406, etc.), instruction
set generator module 216 can identify the process recipe 136 from data store 250 and/or one or
more libraries (e.g., from clean library 134) that correspond to the identified process recipe
136. Instruction set generator module 216 can include instructions associated with executing
one or more operations for the identified process recipe 136 in the generated set of instructions,
in some embodiments. In other or similar embodiments, instruction set generator module 216
can include a reference (e.g., a pointer, a mapping, etc.) to the identified process recipe 136. In
some embodiments, instruction set generator module 216 can store the generated instruction
set at data store 250 (e.g., as generated instruction set 254).

[0053] Instruction set execution module 220 of system controller 142 can be configured to
execute the generated instruction set 254 in order to perform the cleaning process, in some
embodiments. In some embodiments, instruction set execution module 220 can obtain the
generated instruction set 254 (e.g., from data store 250 and/or from sequencer engine 152) and
can execute the generated instruction set 254. The executed instruction set can cause the
cleaning process to be performed at manufacturing equipment 124 in accordance with the

sequence provided by the user via GUI 210.
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[0054] In some embodiments, the user of system 100 can update and/or modify a cleaning
process sequence via GUI 210, in accordance with previously described embodiments. For
example, the user can add additional steps and/or operations to sequence 332 or 352, modify
one or more process recipes and/or conditions associated with existing steps and/or operations
of sequence 332 or 352, and/or modify a priority associated with each step, operation, and/or
condition of sequence 332 or 352 via GUI 210. Client device 106 can provide an indication of
the update and/or modification to the cleaning process sequence to sequencer engine 152, as
described above. Dependency tree generator module 214 can update a dependency tree
associated with the sequence in view of the indicated update and/or modification and
instruction set generator module 216 can generate an updated set of instructions for the
sequence, in accordance with previously described embodiments. Instruction set execution
module 220 can execute the updated set of instructions to perform the updated and/or modified
cleaning process sequence at manufacturing equipment 124, in accordance with previously
described embodiments.

[0055] In some embodiments, one or more modules of sequencer engine 152 can use one or
more machine learning models for obtaining an instruction set for the sequence. In one
embodiment, dependency tree generator module 214 can use one or more machine learning
models to generate dependency trees 400, 450 based on process sequence data 252. For
example, dependency tree generator module 214 can provide process sequence data 252 as
input to a machine learning model trained to generate a dependency tree based on given process
sequence data. Dependency tree generator module 214 can obtain dependency tree 400 and/or
450 based on one or more outputs of the trained model. In an additional or alternative
embodiment, instruction set generator module 216 can use one or more machine learning
models to generate instruction set 254. For example, instruction set generator module 216 can
provide a generated dependency tree (e.g., dependency trees 400, 450, etc.) and/or process
sequence data 252 as input to a machine learning model trained to generate a set of instructions
for a cleaning process based on a given dependency tree and/or process sequence data.
Instruction set generator module 216 can obtain instruction set 254 based on one or more
outputs of the trained model.

[0056] FIG. 5 is a flow diagram for an example method 500 of cleaning process sequence
management, according to aspects of the present disclosure. FIG. 6 is a flow diagram for
another example method 600 of cleaning process sequence management, according to aspects
of the present disclosure. Methods 500 and/or 600 can be performed by processing logic that

can include hardware (circuitry, dedicated logic, etc.), software (such as is run on a general
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purpose computer system or a dedicated machine), firmware, or some combination thereof. In
one implementation, methods 500 and/or 600 can be performed by a computer system, such as
computer system architecture 100 of FIG. 1. In other or similar implementations, one or more
operations of methods 500 and/or 600 can be performed by one or more other machines not
depicted in the figures. In some aspects, one or more operations of methods 500 and/or 600 can
be performed by a cleaning process component, as described above.

[0057] For simplicity of explanation, the methods are depicted and described as a series of
acts. However, acts in accordance with this disclosure can occur in various orders and/or
concurrently, and with other acts not presented and described herein. Furthermore, not all
illustrated acts can be performed to implement the methods in accordance with the disclosed
subject matter. In addition, those skilled in the art will understand and appreciate that the
methods could alternatively be represented as a series of interrelated states via a state diagram
or events. Additionally, it should be appreciated that the methods disclosed in this specification
are capable of being stored on an article of manufacture to facilitate transporting and
transferring such methods to computing devices. The term article of manufacture, as used
herein, is intended to encompass a computer program accessible from any computer-readable
device or storage media.

[0058] Referring now to FIG. 5, at block 510, processing logic receives an indication of a
sequence of cleaning operations associated with at least one substrate process at a
manufacturing system and an indication of one or more cleaning criteria that trigger initiation
of the sequence of cleaning operations during a cleaning process. In some embodiments, the
processing logic can receive the indications from a client device, such as client device 106. A
user of client device 106 can provide data associated with the cleaning operations and the one
or more cleaning criteria via GUI 210, in accordance with previously described embodiments.
The sequence of cleaning operations can correspond to sequence 332 and/or sequence 352, as
described herein. The one or more cleaning criteria can correspond to a priority, a triggering
event, a triggering condition, a loop, a reset variable, and/or any other cleaning criteria, in
accordance with previously described embodiments.

[0059] At block 512, processing logic generates a set of instructions corresponding to the
sequence of cleaning operations. In some embodiments, processing logic can generate the set
of instructions by generating a dependency tree associated with the sequence of cleaning
operations and generating the set of instructions based on the dependency tree (e.g., in
accordance with embodiments described with respect to dependency tree generator module 214

and/or instruction set generator module 216 of FIG. 2). At block 514, processing logic detects
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that at least one of the one or more cleaning criteria is satisfied. For example, processing logic
can detect that at least one of a priority, a triggering event, a triggering condition, etc. associated
with the sequence is satisfied. At block 516, processing logic executes the generated set of
instructions to initiate the sequence of cleaning operations at the process chamber.

[0060] As indicated above, FIG. 6 is a flow diagram for another example method 600 of
cleaning process sequence management, according to aspects of the present disclosure. At
block 610, processing logic provides a GUI of a cleaning process sequence component (also
referred to as cleaning component herein) associated with a manufacturing system. The
provided GUI can correspond to GUI 210, in some embodiments. At block 612, processing
logic receives, via the GUIL, an indication of a sequence of operations associated with a cleaning
process to be performed at a process chamber of the manufacturing system. A user of system
100 can provide an indication of the sequence of operations via GUI elements of GUI 210, as
described with respect to FIGs. 3A-3C. At block 614, processing logic generates a set of
instructions associated with the cleaning process based on the provided indication of the
sequence, in accordance with previously described embodiments. At block 616, processing
logic transmits the generated set of instructions to a system controller (e.g., system controller
142) associated with the manufacturing system. System controller 142 can execute the
generated set of instructions to perform the sequence of operations for the cleaning process, in
accordance with previously described embodiments.

[0061] FIG. 7 is a block diagram illustrating a computer system 700, according to certain
embodiments. FIG. 7 illustrates a diagrammatic representation of a machine in the example
form of a computing device 700 within which a set of instructions, for causing the machine to
perform any one or more of the methodologies discussed herein, can be executed. In alternative
embodiments, the machine can be connected (e.g., networked) to other machines in a Local
Area Network (LAN), an intranet, an extranet, or the Internet. The machine can operate in the
capacity of a server or a client machine in a client-server network environment, or as a peer
machine in a peer-to-peer (or distributed) network environment. The machine can be a personal
computer (PC), a tablet computer, a set-top box (STB), a Personal Digital Assistant (PDA), a
cellular telephone, a web appliance, a server, a network router, switch or bridge, or any machine
capable of executing a set of instructions (sequential or otherwise) that specify actions to be
taken by that machine. Further, while only a single machine is illustrated, the term “machine”
shall also be taken to include any collection of machines (e.g., computers) that individually or

jointly execute a set (or multiple sets) of instructions to perform any one or more of the
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methodologies discussed herein. In embodiments, computing device 700 can correspond to any
of client device 106, server machine 140 and/or server machine 150 of FIG. 1.

[0062] The example computing device 700 includes a processing device 702, a main memory
704 (e.g., read-only memory (ROM), flash memory, dynamic random access memory (DRAM)
such as synchronous DRAM (SDRAM), etc.), a static memory 706 (e.g., flash memory, static
random access memory (SRAM), etc.), and a secondary memory (e.g., a data storage device
728), which communicate with each other via a bus 708.

[0063] Processing device 702 can represent one or more general-purpose processors such as
a microprocessor, central processing unit, or the like. More particularly, the processing device
702 can be a complex instruction set computing (CISC) microprocessor, reduced instruction
set computing (RISC) microprocessor, very long instruction word (VLIW) microprocessor,
processor implementing other instruction sets, or processors implementing a combination of
instruction sets. Processing device 702 can also be one or more special-purpose processing
devices such as an application specific integrated circuit (ASIC), a field programmable gate
array (FPGA), a digital signal processor (DSP), network processor, or the like. Processing
device 702 can also be or include a system on a chip (SoC), programmable logic controller
(PLC), or other type of processing device. Processing device 702 is configured to execute the
processing logic (instructions 726) for performing operations and steps discussed herein.
[0064] The computing device 700 can further include a network interface device 722 for
communicating with a network 764. The computing device 700 also can include a video display
unit 710 (e.g., a liquid crystal display (LCD) or a cathode ray tube (CRT)), an alphanumeric
input device 712 (e.g., a keyboard), a cursor control device 714 (e.g., a mouse), and a signal
generation device 720 (e.g., a speaker).

[0065] The data storage device 728 can include a machine-readable storage medium (or more
specifically a non-transitory computer-readable storage medium) 724 on which is stored one
or more sets of instructions 726 embodying any one or more of the methodologies or functions
described herein. Wherein a non-transitory storage medium refers to a storage medium other
than a carrier wave. The instructions 726 can also reside, completely or at least partially, within
the main memory 704 and/or within the processing device 702 during execution thereof by the
computer device 700, the main memory 704 and the processing device 702 also constituting
computer-readable storage media.

[0066] While the computer-readable storage medium 724 is shown in an example
embodiment to be a single medium, the term “computer-readable storage medium” should be

taken to include a single medium or multiple media (e.g., a centralized or distributed database,
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and/or associated caches and servers) that store the one or more sets of instructions. The term
“computer-readable storage medium” shall also be taken to include any medium that is capable
of storing or encoding a set of instructions for execution by the machine and that cause the
machine to perform any one or more of the methodologies of the present disclosure. The term
“computer-readable storage medium” shall accordingly be taken to include, but not be limited
to, solid-state memories, and optical and magnetic media.

[0067] The preceding description sets forth numerous specific details such as examples of
specific systems, components, methods, and so forth in order to provide a good understanding
of several embodiments of the present disclosure. It will be apparent to one skilled in the art,
however, that at least some embodiments of the present disclosure can be practiced without
these specific details. In other instances, well-known components or methods are not described
in detail or are presented in simple block diagram format in order to avoid unnecessarily
obscuring the present disclosure. Thus, the specific details set forth are merely exemplary.
Particular implementations can vary from these exemplary details and still be contemplated to
be within the scope of the present disclosure.

[0068] Reference throughout this specification to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus, the appearances of the phrase “in
one embodiment” or “in an embodiment” in various places throughout this specification are
not necessarily all referring to the same embodiment. In addition, the term “or” is intended to
mean an inclusive “or” rather than an exclusive “or.” When the term “about” or
“approximately” is used herein, this is intended to mean that the nominal value presented is
precise within = 10%.

[0069] Although the operations of the methods herein are shown and described in a particular
order, the order of operations of each method can be altered so that certain operations can be
performed in an inverse order so that certain operations can be performed, at least in part,
concurrently with other operations. In another embodiment, instructions or sub-operations of
distinct operations can be in an intermittent and/or alternating manner.

[0070] It is understood that the above description is intended to be illustrative, and not
restrictive. Many other embodiments will be apparent to those of skill in the art upon reading
and understanding the above description. The scope of the disclosure should, therefore, be
determined with reference to the appended claims, along with the full scope of equivalents to

which such claims are entitled.
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CLAIMS

What is claimed is:

1. A method comprising:

receiving, from a client device coupled to a manufacturing system, an indication of a
sequence of cleaning operations associated with at least one of a plurality of substrate processes
at the manufacturing system and an indication of one or more cleaning criteria that trigger
initiation of the sequence of cleaning operations during a cleaning process at a process chamber
of the manufacturing system;

generating a set of instructions corresponding to the sequence of cleaning operations;
and

responsive to detecting that at least one of the one or more cleaning criteria is satisfied,
executing the generated set of instructions to initiate the sequence of cleaning operations at the

process chamber.

2. The method of claim 1, wherein generating the set of instructions corresponding to the
sequence of cleaning operations comprises:

determining a triggering condition associated with the sequence of cleaning operations
in view of the one or more cleaning criteria received from the client device;

updating a semantic dependency tree in view of the determined triggering condition,
wherein the updated semantic dependency tree comprises one or more nodes that correspond
to each cleaning operation of the sequence of cleaning operations; and

translating each cleaning operation associated with a respective node of the updated

semantic dependency tree into one or more respective instructions of the set of instructions.

3. The method of claim 1, further comprising:

receiving, from the client device, an indication of a modified sequence of cleaning
operations associated with the at least one of the plurality of substrate processes, wherein the
modified sequence of cleaning operations includes one or more cleaning operations that are
different than the sequence of cleaning operations;

generating an updated set of instructions corresponding to the modified sequence of
cleaning operations; and

responsive to detecting that at least one of the one or more cleaning criteria is satisfied,

executing the updated set of instructions.
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4. The method of claim 1, further comprising:

determining whether the sequence of cleaning operations satisfies a validation criterion
in view of one or more conditions associated with the process chamber; and

responsive to determining that the sequence of cleaning operations does not satisfy the
validation criterion, transmitting a notification to the client device indicating that the sequence

of cleaning operations cannot be performed at the process chamber.

5. The method of claim 1, wherein the indication of the sequence of cleaning operations
is received responsive to a user of the manufacturing system providing the sequence of cleaning
operations as input to a user interface provided by a cleaning process sequence component

associated with the manufacturing system.

6. The method of claim 1, wherein the cleaning process corresponds to at least one of a
pre-clean process to prepare the process chamber before execution of the at least one of the
plurality of substrate processes or a post-clean process to clean the process chamber after

execution of the at least one of the plurality of substrate processes.

7. The method of claim 1, wherein the plurality of substrate processes comprises at least

one of an etch process or a deposition process.

8. A system comprising:

a memory; and
a processing device coupled to the memory, the processing device to:

provide a graphical user interface (GUI) of a cleaning process sequence
component associated with a manufacturing system, wherein the GUI enables a user of
the manufacturing system to provide a corresponding sequence of operations for one or
more cleaning processes at the manufacturing system;

receive, via the GUI, an indication of a sequence of operations associated with
a cleaning process to be performed at a process chamber of the manufacturing system;

generate a set of instructions associated with the cleaning process based on the
provided indication of the sequence of operations; and

transmit the generated set of instructions to a system controller associated with
the manufacturing system, wherein the system controller is to perform the cleaning

process at the process chamber in accordance with the generated set of instructions.
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9. The system of claim 8, wherein to generate the set of instructions associated with the
cleaning process, the processing device is to:

determine a triggering condition associated with the sequence of operations of the
cleaning process;

update a semantic dependency tree in view of the determined triggering condition,
wherein the updated semantic dependency tree comprises one or more nodes that correspond
to each cleaning operation of the sequence of the cleaning operations; and

translate each cleaning operation associated with a respective node of the updated

semantic dependency tree into a respective instruction of the set of instructions.

10.  The system of claim 8, wherein the processing device is further to:

receive, via the GUI, an indication of a modified sequence of cleaning operations
associated with the cleaning process, wherein the modified sequence of operations includes
one or more cleaning operations that are different than the sequence of operations;

generate an updated set of instructions corresponding to the modified sequence of
cleaning operations; and

transmit the updated set of instructions to the system controller.

11. The system of claim 8, wherein the processing device is further to:

determine whether the sequence of operations satisfies a validation criterion in view of
one or more conditions associated with the process chamber; and

responsive to determining that the sequence of operations does not satisfy the validation
criterion, update the GUI to include a notification indicating that the sequence of operations

cannot be performed at the process chamber.

12. The system of claim 8, wherein the cleaning process corresponds to at least one of a
pre-clean process to prepare the process chamber before execution of one or more substrate
processes at the manufacturing system or a post-clean process to clean the process chamber

after execution of the one or more substrate processes.
13.  The system of claim 8, wherein the cleaning process corresponds to one or more of a

plurality of substrate processes at the manufacturing system, the plurality of substrate processes

comprising at least one of an etch process or a substrate process.
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14. A non-transitory computer readable storage medium comprising instructions that, when
executed by a processing device, cause the processing device to:

receive, from a client device coupled to a manufacturing system, an indication of a
sequence of cleaning operations associated with at least one of a plurality of substrate processes
at the manufacturing system and an indication of one or more cleaning criteria that trigger
initiation of the sequence of cleaning operations during a cleaning process at a process chamber
of the manufacturing system;

generate a set of instructions corresponding to the sequence of cleaning operations; and

responsive to detecting that at least one of the one or more cleaning criteria is satisfied,
execute the generated set of instructions to initiate the sequence of cleaning operations at the

process chamber.

15.  The non-transitory computer readable storage medium of claim 14, wherein to generate
the set of instructions corresponding to the sequence of cleaning operations, the processing
device is to:

determine a triggering condition associated with the sequence of cleaning operations in
view of the one or more cleaning criteria received from the client device;

update a semantic dependency tree in view of the determined triggering condition,
wherein the updated semantic dependency tree comprises one or more nodes that correspond
to each cleaning operation of the sequence of cleaning operations; and

translate each cleaning operation associated with a respective node of the updated

semantic dependency tree into a respective instruction of the set of instructions.

16.  The non-transitory computer readable storage medium of claim 14, wherein the
processing device is further to:

receive, from the client device, an indication of a modified sequence of cleaning
operations associated with the at least one of the plurality of substrate processes, wherein the
modified sequence of cleaning operations includes one or more cleaning operations that are
different than the sequence of cleaning operations;

generate an updated set of instructions corresponding to the modified sequence of
cleaning operations; and

responsive to detecting that at least one of the one or more cleaning criteria is satisfied,

execute the updated set of instructions.
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17.  The non-transitory computer readable storage medium of claim 14, wherein the
processing device is further to:

determine whether the sequence of cleaning operations satisfies a validation criterion
in view of one or more conditions associated with the process chamber; and

responsive to determining that the sequence of cleaning operations does not satisfy the
validation criterion, transmit a notification to the client device indicating that the sequence of

cleaning operations cannot be performed at the process chamber.

18.  The non-transitory computer readable storage medium of claim 14, wherein the
indication of the sequence of cleaning operations is received responsive to a user of the
manufacturing system providing the sequence of cleaning operations as input to a user interface

provided by a cleaning process sequence component associated with the manufacturing system.

19. The non-transitory computer readable storage medium of claim 14, wherein the
cleaning process corresponds to at least one of a pre-clean process to prepare the process
chamber before execution of the at least one of the plurality of substrate processes or a post-
clean process to clean the process chamber after execution of the at least one of the plurality of

substrate processes.

20.  The non-transitory computer readable storage medium of claim 14, wherein the

plurality of substrate processes comprise at least one of an etch process or a deposition process.
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