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TIME CONSTRAINT MANAGEMENT AT A MANUFACTURING SYSTEM

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

and more particularly to time constraint management.

BACKGROUND

[0002] Before a substrate becomes a finished product (e.g., a wafer, an electronic device,
etc.), the substrate can be processed according to a set of operations each performed at a tool
of a manufacturing system. In some instances one or more operations can be subject to a time
constraint. A time constraint refers to a particular amount of time after an operation is
completed that a subsequent operation is to be completed. For example, a substrate can be
processed according to a first operation where a first material is deposited on a surface of the
substrate and a second operation where a second material is deposited on the first material. The
first operation and the second operation can be subject to a time constraint where the second
material is to be deposited on the first material within a particular amount of time, otherwise
the first material can begin to degrade and the substrate cannot be used to produce a finished
product (i.e., becomes unusable). A time constraint window refers to a particular amount of
time to complete an operation that prompts a time constraint (referred to as an initiating
operation) and the amount of time after the initiating operation is completed that a subsequent
operation (referred to a completion operation) is to be completed. In some instances, one or
more operations can be performed between the initiating operation and the completion
operation.

[0003] In most instances, an operation cannot be started for a substrate when the substrate
arrives at the tool, as the tool can be processing other substrates. As such, an operator of the
manufacturing system (e.g., an industrial engineer, a process engineer a system engineer, etc.)
schedules operations to run at particular times in order to satisfy a time constraint associated
with the operation. For example, an operator can delay an operation from being performed for
a substrate until each tool set to perform an operation associated with a time constraint has
capacity to perform the operation within the time constraint window.

[0004] In some instances, a completion operation for a first time constraint window can also
be an initiating operation for a second time constraint window. In such instances, an operator
of a manufacturing system can schedule an initiating operation for the first time constraint

window to start at a particular time to satisfy a first time constraint of the first time constraint
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window and a second time constraint of the second time constraint window. In other instances,
an operation can be a completion operation for both a first time constraint window and a second
time constraint window. In such instances, an operator can schedule initiating operations for
the first time constraint window and the second time constraint window to start at a particular
time to satisfy a first time constraint of the first time constraint window and a second time
constraint of the second time constraint window

[0005] As manufacturing systems become more complex, more operations are subject to time
constraints. In order to schedule a substrate to be started at an initiating operation, an operator
(e.g., using a computing system) accounts for all time constraints that could be prompted by
the initiating operation. To account for all time constraints that could be prompted by the
initiating operation, the operator accounts for a capacity of each tool that can perform the
initiating operation, the completion operation, and each operation in between. In some
instances a time constraint window including the initiating operation can correspond to a
significant amount of time (e.g., 6 hours, 8 hours, 12 hours, 24 hours, etc.). The operator can
have difficulty in accounting for each time constraint and capacities for each tool of the
manufacturing system for a significant amount of time into the future. For some computing
systems, this accounting can be classified as a NP-hard (non-deterministic polynomial-time
hard) problem. As such, the operator can be unsuccessful in scheduling a substrate to be started
at each initiating operation of the set of operations so that each time constraint can be satisfied.
As a result, the substrate can violate a time constraint of the set of operations and become
unusable. Each substrate that becomes unusable can reduce overall system throughput and

contribute to increasing overall system latency.

SUMMARY

[0006] Some of the embodiments described cover a method including receiving a first
request to initiate a set of operations to be run at a manufacturing system. The set of operations
include one or more operations that each have one or more time constraints. The method further
includes determining a first set of candidate substrates to be processed during the set of
operations. The method further includes running a first simulation of the set of operations for
the first set of candidate substrates over a first time period. The first simulation generates a first
simulation output indicating a first number of candidate substrates that were successfully
processed during each of the simulated set of operations to reach an end of the first time period.
The method further includes initiating the set of operations at the manufacturing system to

process the first number of candidate substrates over the first time period.
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[0007] In some embodiments, a memory and a processing device coupled to the memory.
The processing device is to receive a first request to initiate a set of operations to be run at a
manufacturing system. The set of operations comprises one or more operations that each have
one or more time constraints. The processing device is further to determine a first set of
candidate substrates to be processed during the set of operations. The processing device is
further to run a first simulation of the set of operations for the first set of candidate substrates
over a first time period. The first simulation generates a first simulation output indicating a first
number of candidate substrates that were successfully processed during each of the simulated
set of operations to reach an end of the first time period. The processing device is further to
initiate the set of operations at the manufacturing system to process the first number of
candidate substrates over the first time period.

[0008] 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
a first request to initiate a set of operations to be run at a manufacturing system. The set of
operations comprises one or more operations that each have one or more time constraints. The
processing device is further to determine a first set of candidate substrates to be processed
during the set of operations. The processing device is further to run a first simulation of the set
of operations for the first set of candidate substrates over a first time period. The first simulation
generates a first simulation output indicating a first number of candidate substrates that were
successfully processed during each of the simulated set of operations to reach an end of the
first time period. The processing device is further to initiate the set of operations at the
manufacturing system to process the first number of candidate substrates over the first time

period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] 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.

[0010] FIG. 1 is ablock diagram illustrating a production environment, according to aspects
of the present disclosure.

[0011] FIG. 2 is a flow diagram of a method for time constraint management, according to

aspects of the present disclosure.
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[0012] FIG. 3 is a flow diagram of another method for time constraint management,
according to aspects of the present disclosure.

[0013] FIGs. 4 illustrates a set of operations subject to one or more time constraints,
according to aspects of the present disclosure.

[0014] FIG. S illustrates a graphical user interface (GUI) to provide one or more simulation
outputs to a user of a manufacturing system, according to aspects of the present disclosure.
[0015] FIG. 6 is a block diagram illustrating a computer system, according to certain

embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Embodiments disclosed herein include methods and systems for time constraint
management at a manufacturing system. In some processes, a series of operations can be
performed at various stations of the manufacturing system. For example, a series of operations
can be performed to deposit a coating (or multiple coatings) on a surface of a substrate and etch
a three-dimensional pattern into the coating. In some instances, one or more of the series of
operations can be subject to a time constraint. A time constraint can refer to a limitation or
protocol in which, after an operation is performed at the manufacturing system, a subsequent
operation is to be completed within a particular amount of time. For example, the
manufacturing system can be subject to a time constraint where the etch process is to be
performed for the substrate within a particular number of hours (e.g., 12 hours) after the coating
is deposited on the surface of a substrate. If the time constraint is not satisfied (e.g., if the etch
process is not performed within the particular number of hours), the substrate can become
defective and unusable.

[0017] Embodiments of the present disclosure are directed to managing time constraints at a
manufacturing system. A processing device, such as a processing device executing a time
constraint window manager (e.g., time constraint window manager 110 of FIG. 1), can receive
a request to initiate operations to be run at a manufacturing system, where one or more
operations are subject to a time constraint. The processing device can determine, in view of the
time constraints, a number of substrates that can be successfully processed at the manufacturing
system within a particular time period. For example, the processing device can identify a set of
candidate substrates at the manufacturing system to be processed during the set of operations.
In some embodiments, the processing device can determine the set of candidate substrates

based on a queue of substrates to be processed at the manufacturing system.
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[0018] The processing device can run a simulation of the set of operations for the set of
candidate substrates over a particular time period. The simulation can be performed based on
dispatching rules for the manufacturing system (e.g., rules used to determine which action
should be performed at the manufacturing system at a given time), state data associated with
the manufacturing system, and/or user data provided by a user of the manufacturing system
(e.g., an operation, an industrial engineer, a process engineer, a system engineer, etc.).

[0019] The processing device can determine the simulation time period by determining a set
of time constraint windows associated with each operation that has one or more time
constraints. A time constraint window refers to a particular amount of time to complete an
operation that initiates the time constraint (referred to as an initiating operation) and the amount
of time after the initiating operation is completed that a subsequent operation (referred to a
completion operation) is to be completed. In some embodiments, one or more operations can
be performed between the initiating operation and the completion operation and are associated
with the time constraint window. The processing device can determine time constraint windows
for each time constraint associated with the set of operations and can determine the simulation
time period based on the largest time constraint window.

[0020] The simulation can generate an output indicating the number of candidate substrates
that were successfully processed during each of the simulated set of operations to reach an end
of the simulation time period. The processing device can initiate the set of operations at the
manufacturing system to process the number of candidate substrates over the time period based
on the simulation output. For example, the output of the first simulation can indicate 90 of 100
candidate substrates were successfully processed during each of the simulated operations to
reach the end of a 12 hour time period. As such, the processing device can initiate the set of
operations at the manufacturing system to process 90 substrates during a 12 hour time period.
In some embodiments, the processing device can initiate the set of operations at the
manufacturing system by setting a substrate counter value for a first operation of the set of
operations to correspond to the number of candidate substrates from the simulation output. The
substrate counter defines a total number of substrates at the manufacturing system (e.g., in the
substrate queue) to be initiated at the first operation over the time period (e.g., the 12 hour time
period).

[0021] In some embodiments, the simulation can generate another simulation output that
indicates a number of additional substrates that could be successfully processed at the
manufacturing equipment within the time period. For example, the simulation can be

performed for 100 candidate substrates at the manufacturing system. An output of the
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simulation can indicate that 100 candidate substrates were successfully processed at each of
the simulated steps and another output of the simulation can indicate that the manufacturing
system could have successfully processed 10 additional candidate substrates during the
simulation time period (i.e., the manufacturing system has additional substrate capacity). Based
on the additional simulation output, the processing device can identify additional candidate
substrates (e.g., from the substrate queue) and can initiate the set of operations to process the
number of candidate substrates from the simulation output and the additional candidate
substrates over the time period.

[0022] Implementations of the present disclosure address the above described deficiencies
of the current technology by providing techniques for predicting a number of substrates at
manufacturing system that will be successfully processed according to a set of operations
having one or more time constraints. A processing device can run a simulation of the set of
operations for a set of candidate substrates for time period corresponding to a significant
amount of time into the future (e.g., 6 hours, 8 hours, 12 hours, 24 hours, etc.). By running the
simulation, the processing device can obtain a prediction for a future state of the manufacturing
system at the end of the time period. The future state of the manufacturing system can indicate
a number of substrates that are likely to be successfully processed according to the set of
operations over the time period. By obtaining the number of substrates that are likely to be
successfully processed over the time period, the processing device can schedule an appropriate
number of substrates to be initiated at the set of operations within the time period so that few
or no substrates violate a time constraint for the set of operations. As a result, a small number
of substrates, or approximately zero substrates, violate a time constraint of the set of operations,
resulting in a significant number of substrates processed at the manufacturing system
containing no or few defects. As a result, an overall system throughput increases and an overall
system latency decreases, as a higher number of substrates processed at the manufacturing
system become useable final products.

[0023] FIG. 1 is a block diagram illustrating a production environment 100, according to
aspects of the present disclosure. A production environment 100 can include multiple systems,
such as, and not limited to, a production dispatcher system 103, a simulation system 105, a
time constraint window manager 110, manufacturing equipment 112 (e.g., manufacturing tools,
automated devices, etc.), a user device 114, and one or more computer integrated
manufacturing (CIM) systems 101. Examples of a production environment 100 can include,

and are not limited to, a manufacturing plant, a fulfillment center, etc. For brevity and
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simplicity, a manufacturing system is used as an example of a production environment 100
throughout this description.

[0024] In some embodiments, production environment 100 can be a semiconductor
manufacturing environment. In such embodiments, manufacturing equipment 112 can perform
multiple different operations related to the fabrication of semiconductor wafers. For example,
manufacturing equipment 112 can perform cutting operations, cleaning operations, deposition
operations, etching operations, testing operations, and so forth. Aspects of the present
disclosure are described with regard to fabrication of semiconductor substrates in a
semiconductor manufacturing environment. However, it should be noted that implementations
of the present disclosure can be applied to other production environments 100 configured to
fabricate or otherwise process lots different from semiconductor substrates.

[0025] The CIM 101, production dispatcher system 103, simulation system 105, time
constraint simulation module 107, time constraint window manager 110, manufacturing
equipment 112, user device 114, and data stores 150, 170 can be coupled to each other via a
network. The network 120 can be a local area network (LAN), a wireless network, a mobile
communications network, a wide area network (WAN), such as the Internet, or similar
communication system. The CIM system 101, production dispatcher system 103, simulation
system 105, time constraint simulation module 107, and time constraint window manager 110
can be individually hosted or hosted in any combination together by any type of machine
including server computers, gateway computers, desktop computers, laptop computers, tablet
computers, notebook computers, PDAs (personal digital assistants), mobile communication
devices, cell phones, smart phones, hand-held computers, or similar computing devices. In one
embodiment, simulation module 107 is part of a server that is hosted on a machine.

[0026] A data store 150,170 can be a persistent storage unit. A persistent storage unit can be
a local storage unit or a remote storage unit. Persistent storage units can be a magnetic storage
unit, optical storage unit, solid state storage unit, electronic storage unit (main memory) or
similar storage unit. Persistent storage units can be a monolithic device or a distributed set of
devices. A 'set', as used herein, refers to any positive whole number of items.

[0027] A user device 114 can include a computing device such as a personal computer (PC),
laptop, mobile phone, smart phone, tablet computer, netbook computer, network-connected
television, etc. In some embodiments, user device 114 may provide information to a user (e.g.,
an operator, an industrial engineer, a process engineer, a system engineer, etc.) of production

environment 100 via one or more graphical user interfaces (GUIs).
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[0028] Examples of CIM systems 101 can include, and are not limited to, a manufacturing
execution system (MES), enterprise resource planning (ERP), production planning and control
(PPC), computer-aided systems (e.g., design, engineering, manufacturing, processing planning,
quality assurance), computer numerical controlled machine tools, direct numerical control
machine tools, controllers, etc.

[0029] The production dispatcher system 103 can make dispatching decisions for the
production environment 100. A dispatching decision decides what action should be performed
at a given time in the production environment 100. Dispatching often involves decisions such
as whether the start processing a batch that has fewer substrates than allowed, or wait to start
the batch until additional substrates are available so a full batch can be started. Examples of
dispatching decisions can include, and are not limited to, where a substrate should be processed
next in the production environment, which substrate should be picked for an idle piece of
equipment in the production environment, and so forth.

[0030] The production dispatcher system 103 can use one or more dispatching rules 151 that
are stored in the data store 150 to make a dispatching decision. Dispatching rules 151 can be
logic that can be executed by the production dispatcher system 103. The dispatching rules 151
can be user (e.g., industrial engineer, process engineer, system engineer, etc.) defined.
Examples of dispatching rules 151 can include, and are not limited to, select the highest priority
substrate to work on next, select a substrate that uses the same set up which the tool is currently
configured for, package items when a purchase order is complete, ship items when packaging
is complete, etc. The individual dispatching rules 151 can be associated with a large number of
data processes to implement the corresponding dispatching rule 151. Examples of data
processes can include, and are not limited to import data, compress data, index data, filter data,
perform a mathematical function on data, etc.

[0031] In some instances, manufacturing processes can include of hundreds of operations
performed by manufacturing equipment 112 (e.g., tools or automated devices) within the
production environment 100. In many instances, one or more operations can be subjected to a
time constraint. As discussed previously, a time constraint refers to a particular amount of time
after an operation is completed that a subsequent operation is to be completed. For example,
after a first material is deposited on a surface of a substrate, a second material is to be deposited
on the first material within a particular amount of time after the deposition of the first material.
If the second coating is not deposited on the first material within the particular amount of time,
the first material can begin to degrade, leaving the substrate unusable. A time constraint

window refers to an amount of time to complete a first operation (referred to as an initiating
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operation) and the particular amount of time a second operation (referred to as a completion
operation) is to be completed. In some embodiments, one or more operations performed
between the initiating operation and the completion operation are also associated with the time
constraint window. In accordance with the previous example, a time constraint window can
refer to a first amount of time to deposit the first material on the surface of the substrate and
the particular amount of time in which the second material is to be deposited on the first
material. Multiple operations can be subject to one or more time constraints. In some
embodiments, a completion operation for a first time constraint window can also be an
initiating operation for a second time constraint window.

[0032] Time constraint window manager 110 can determine a number of substrates to start
at an initiating operation of a time constraint window for a particular time period. In some
embodiments, time constraint window manager 110 can determine the number of substrates to
be started at the initiating operation in response to a request (e.g., from production dispatcher
system 103, from an operator, etc.). The determined number of substrates is referred to as a
substrate limit 111. Production dispatcher system 103 can monitor whether a number of
substrates started at the initiating operation satisfies the substrate limit 111 by maintaining a
substrate counter value. Production dispatcher system 103 can update the substrate counter
value (e.g., decrease the substrate counter value by one) for each substrate started at the
initiating operation. In some embodiments, production dispatcher system 103 can prevent a
substrate from starting at the initiating operation in response to determining the substrate
counter value is zero. Time constraint window manager 110 can provide the substrate counter
value to production dispatcher system 103 (e.g., as a result of running a simulation at simulation
system 105).

[0033] A simulation system 105 can run a simulation that is generally faster than the real-
time operation of the production environment 100. For example, the simulation system 105 can
run a simulation for a week of simulated time in a couple of seconds to test how well the
production environment 100 operates. In one embodiment, the simulation system 105 includes
a simulation module 107 to simulate dispatching rules 151 applied to one or more operations
of a process at the production environment 100. In another embodiment, the simulation system
105 communicates with an external simulation module 107 to simulate dispatching rules 151.

[0034] Simulation module 107 can execute a simulation model 173 to simulate one or more
operations performed at production environment 100. Simulation model 173 is a model
configured to generate predictions regarding future states of manufacturing equipment 112

and/or substrates 113 processed at manufacturing equipment 113. Simulation model 173 can
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generate predictions by executing one or more operations based on dispatching rules 152, state
data 154, and/or user data 156. In some embodiments, simulation model 173 can generate
predictions by making calculations, forecasting, statistical predictions, trend analysis, and so
forth. In some embodiments, simulation model 173 can be a heuristic simulation model. In
other or similar embodiments, simulation model 173 can be a machine learning model.

[0035] In some embodiments, simulation module 107 can apply one or more simulation
conditions 175 to the one or more operations simulated by simulation model 173. For example,
simulation module 107 can execute simulation model 173 to simulate a particular set of
operations, simulate one or more operations for a particular time period, simulate a particular
number of substrates, simulate substrates having particular identifiers, and so forth. In some
embodiments, simulation conditions 175 can be default conditions set by a component of
production environment 100 (e.g., CIM system 101, time constraint manager 110, production
dispatcher system 103) during the initialization of production environment 110. In other or
similar embodiments, simulation conditions 175 can be provided to simulation module 107
during operation of production environment 100 by a component of production environment
100 or a user of production environment 100 (e.g., via user device 114).

[0036] During execution of the simulation model 173, an operation can invoke a dispatching
decision. For example, an operation can trigger (e.g., call) a decision of a simulated
manufacturing equipment 112 to perform a simulated operation for a simulated substrate.
Simulation module 107 can identify a dispatching rule 151 (e.g., from data store 150)
associated with the dispatching decision and use simulation model 173 to make the dispatching
decision in accordance with the identified dispatching rule 151.

[0037] In some embodiments, one or more input parameters can be provided to the
dispatching rule 151 for simulation model 173 to make the dispatching decision. The one or
more input parameters can include state data 153 associated with one or more simulated
manufacturing equipment 112. State data 153 can include a state of manufacturing equipment
112 (e.g., an operating temperature, an operating pressure, a number of substrates being
processed at the manufacturing equipment, a number of substrates in a manufacturing
equipment queue, etc.) at a particular instance of time. State data 153 can be generated by
manufacturing equipment 112 during operation of production environment 100 and stored at
data store 150. In other or similar embodiments, the one or more input parameters can include
user data 155. User data 155 can include data provided by a user of production environment
100 (e.g., an operator, a process engineer, industrial engineer, system engineer, etc.). In some

embodiments, user data 155 can be provided via user device 114. Simulation module 107 can
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identify a parameter value (e.g., state data 153, user data 155, etc.) from data store 150 and
provide the parameter value to simulation model 173 to be used for the one or more input
parameters provided for dispatching rule 151.

[0038] Simulation module 107 can run simulation model 173 to represent an extended
amount of time at production environment 100. For example, simulation module 107 can run
simulation model 173 to simulate an hour, several hours, several days, a week, and so forth, of
operation of production environment 100. During the simulation, simulation model 173 can
make a significant number of dispatching decisions. Simulation module 107 can generate a
report associated with the simulation and/or the dispatching decisions made by simulation
model 173. In some embodiments, the report can include data corresponding to, for example,
production cycle time, production throughput, equipment utilization, etc. Simulation module
107 can provide the report to one or more components of production environment 100 (e.g.,
time constraint manager 110, production dispatcher system 103, CIM system 101, etc.) and/or
to a user of production environment 100 (e.g., via user device 114).

[0039] In some embodiments, time constraint window manager 110 can determine the
number of substrates to be initiated for a set of operations for a particular time period of the
manufacturing system based on a simulation of the production environment 100. Time
constraint window manager 110 can determine one or more simulation conditions 175 to be
applied to a simulation performed by simulation model 173. The one or more simulation
conditions can include, the particular set of operations to be simulated, the particular time
period to be simulated, a number of substrates to be simulated, an identification of particular
substrates to be simulated, etc. In some embodiments, time constraint window manager 110
determines the one or more simulation conditions 175 based on a notification received from
production dispatcher system 103 or a user of production environment 100 (e.g., viauser device
114). In other or similar embodiments, time constraint window manager 110 determines the
one or more simulation conditions 175 based on state data 154 associated with manufacturing
equipment 112. For example, time constraint window manager 110 can determine, based on
state data 154, that 100 substrates were successfully processed according to a first set of
operations having time constraints within a 12 hour time period. As such, time constraint
window manager 110 can determine the set of operations to be simulated are the first set of
operations, the particular time period to be simulated is a 12 hour time period, and a number of
substrates to be simulated is 100. Time constraint window manager can provide the simulation

conditions to simulation module 107 and simulation module 107 can execute simulation
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models 173 based on the simulation conditions, in accordance with previously described
embodiments.

[0040] Simulation module 107 can generate a report associated with the simulation for the
set of operations for the particular time period of the manufacturing system. In some
embodiments, the report can include data corresponding to, for example, a production
throughput for a particular number of substrates simulated by simulation model 173. For
example, the report can include an indication that, for 100 simulated substrates, 90 simulated
substrates were successfully processed during each of the simulated set of operations to reach
the end of the particular time period. Simulation module 107 can transmit the report to time
constraint manager 110. In some embodiments, simulation module 107, or time constraint
window manager 110, can transmit the report to user device 114. User device 114 can provide
data from the report to a user of the manufacturing system via a graphical user interface (GUI)
displayed via the user device 114, such as GUI 500 illustrated in FIG. 5.

[0041] In response to receiving the report from simulation module 107, time constraint
manager 110 can determine the number of substrates to be started at an initiating operation
(i.e, of a set of operations to be performed at manufacturing equipment 112) of a time
constraint window for a particular time period. As discussed previously, the determined
number of substrates is referred to as a substrate limit 111. Time constraint window manager
110 can provide the substrate limit 111 to production dispatcher system 103. As described
previously, production dispatcher system 103 can use the substrate limit 111 to determine
whether to start processing of one or more substrates at the initiating operation during the
particular time period.

[0042] FIGs. 2 and 3 are flow diagrams for methods 200, 300 for time constraint
management, according to aspects of the present disclosure. Methods 200, 300 are performed
by processing logic that can include hardware (circuitry, dedicated logic, etc.), software (such
as 1s run on a general purpose computer system or a dedicated machine), firmware, or some
combination thereof. Some operations of methods 200, 300 can be performed by a processing
device, such as time constraint window manager 110 of FIG. 1.

[0043] For simplicity of explanation, methods 200, 300 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
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methods could alternatively be represented as a series of interrelated states via a state diagram
or events.

[0044] Referring now to FIG. 2, at block 210, the processing device receives a request to
initiate a set of operations to be run at a manufacturing system. In some embodiments, the
manufacturing system can be production environment 100 of FIG. 1. In some embodiments,
the request can be a request to initiate the set of operations to be run at the manufacturing
system at a particular instance in time. For example, the request can be a request to initiate the
set of operations at 8:00 p.m.

[0045] In some embodiments, the set of operations can be the set of operations illustrated by
FIG. 4. FIG. 4 illustrates a set of operations 400 subject to one or more time constraints,
according to embodiments of the present disclosure. Each operation 410 can correspond to an
individual process performed at one or more manufacturing facilities of a production
environment, such as manufacturing equipment 112 (e.g., a tool or automated device) of
production environment 100. In some embodiments, each of the set of operations 400 can be
consecutive operation (i.e., each operation 410 is performed in accordance with a particular
ordering). In some embodiments, each operation 410 can correspond to an individual process
performed at a front-end manufacturing facility, including, but not limited to, photolithography,
deposition, etching, cleaning, ion implantation, chemical and mechanical polishing, etc. In
other or similar embodiments, each operation 410 can correspond to an individual process
performed at a back-end manufacturing facility, including, but not limited to, dicing a
completed wafer into individual semiconductor die, testing, assembly, packaging, etc.

[0046] As described previously, one or more operations 410 can be subjected to a time
constraint. For example, operation 2 can be a first deposition operation to deposit a first
material on a surface of a substrate and operation 3 can be a second deposition operation to
deposit a second material on the first material. Operations 2 and 3 can be subject to a first time
constraint where the second material is to be deposited on the first material within a particular
amount of time (e.g., 6 hours) after deposition of the first material on the surface of the
substrate. An amount of time for manufacturing equipment 112 to perform operations 2 and 3
can correspond to a time constraint window 412. The time constraint window 412 can include
a first amount of time to complete an initiating operation (i.e., an operation 410 that initiates a
time constraint window 412) and the particular amount of time in which manufacturing
equipment 112 is to complete a completion operation (i.e., an operation 410 that completes the

time constraint window 412). In accordance with the previous example, operation 2 is to be
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started for a substrate at manufacturing equipment 112 so that operations 2 and 3 will be
completed for the substrate within a first time constraint window 412A.

[0047] In some embodiments, a completion operation of a time constraint window 412 can
be an initiating operation for another time constraint window 412. For example, operation 3
can be a second deposition operation and operation 6 can be an etching operation. Operations
3,4, 5, and 6 can be subject to a time constraint where the second material is to be etched at
operation 6 within a particular amount of time (e.g., 12 hours) after deposition of the second
material at operation 3. A second time constraint window 412B can include an amount of time
to deposit the second material at operation 3 and the particular amount of time to complete
operation 6. Operation 3 is to be started at manufacturing equipment 112 so that operations 3,
4,5, and 6 will be completed within the second time constraint window 412B. In accordance
with the previous example, operation 3 can be subject to a time constraint with operation 2. As
such, operation 2 is to be started for a substrate so that operations 2 and 3 will be completed
for the substrate within the first time constraint window 412A and that operations 3, 4, 5, and
6 will be completed within the second time constraint window 412B. The first time constraint
window 412A and the second time constraint window 412B together are referred to a cascading
time constraint window.

[0048] In some embodiments, an operation 410 can be subject to more than one time
constraint. For example, operations 6, 7, 8, 9, and 10 can be subject to a first time constraint
where operation 10 is to be completed within a particular amount of time after operation 6 is
completed. A third time constraint window 412C can include an amount of time to perform
operation 6 and the particular amount of time to complete operation 10. Operations 9 an 10 can
also be subject to a second time constraint where operation 10 is to be completed within a
particular amount of time after operation 9 is completed. A fourth time constraint window 412D
can include an amount of time to complete operation 9 and the particular amount of time to
complete operation 10. As such, operation 6 is to be started so that operations 6, 7, 8, 9, and 10
will be completed within the third time constraint window 412D and operations 9 and 10 will
be completed within the fourth time constraint window. The third time constraint window 412C
and the fourth time constraint window 412 together are referred to a nested time constraint
window.

[0049] Referring back to FIG. 2, at block 220, the processing device (e.g., time constraint
window manager 110) determines a set of candidate substrates to be processed during the set
of operations. The set of candidate substrates can be a simulation condition, as described with

respect to FIG. 1 In some embodiments, time constraint window manager 110 can identify
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particular candidate substrates to be processed during the set of operations 400. For example,
a component of production environment 100 (e.g., CIM system 101, production dispatcher
system 103, etc.) can maintain a queue of substrates to be processed according to the set of
operations 400. In some embodiments, time constraint window manager 110 can determine the
set of candidate substrates includes each substrate of the queue. In other or similar
embodiments, time constraint window manager 110 can determine the set of candidate
substrates includes particular substrates included in the queue of substrates. For example, time
constraint window manager 110 can identify a particular number of substrates (e.g., 100
substrates) that at a top of the queue (i.e., the next substrates in the queue to be processed during
the set of operations) to be included in the set of candidate substrates. In some embodiments,
the particular number of substrates can be identified based on a previous number of substrates
to be processed during the set of operations. Time constraint window manager 110 can
determine additional simulation conditions, in accordance with previously described
embodiments.

[0050] At block 230, the processing device runs a first simulation of the set of operations for
the set of candidate substrates over a time period. In some embodiments, the processing device
(e.g., time constraint window manager 110), can determine a particular time period the set of
operations 400 are to be run at the manufacturing system. The particular time period can be a
simulation condition, in accordance with previously described embodiments. Time constraint
window manager 110 can determine the time period by identifying a largest time constraint
window for the set of operations 400. For example, time constraint window manager 110 can
determine a set of time constraint windows (e.g., time constraint windows 412A, 412B, 412C,
412D) for the set of operations 400. The set of time constraint windows can also include each
cascading time constraint and nested time constraint window for the set of operations 400.
Time constraint window manager 110 can identify the largest time constraint window of the
set of time constraint windows for the set of operations 400. For example, as discussed
previously, time constraint windows 412A, B, and C can be a cascading time constraint
window. As such, operation 2 is to be started so that each of operations 2-10 will be completed
within the first time constraint window 412A, second time constraint window 412B, and third
time constraint window 412C. As seen in FIG. 4A, the cascading time constraint window
including time constraint windows 412A, 412B, and 412C is the largest time constraint window
for the set of operations 400. As such, time constraint window manager 110 can determine the

specific time period for the simulated set of operations to be the amount of time corresponding

-15-



WO 2022/026331 PCT/US2021/043037

to the cascading time constraint window including time constraint windows 412A, 412B, and
412C.

[0051] In some embodiments, the particular time period can be further determined based on
a particular instance in time the set of operations are to be run at the manufacturing system. For
example, at block 210, time constraint window manager 110 can receive a request to initiate
the set operations 400 to be run at the manufacturing system at 8:00 p.m. Time constraint
window manager 110 can determine that the largest time constraint window for the set of
operations 400 is 12 hours, in accordance with previously described embodiments, Therefore,
time constraint window manager 110 can determine the time period to be between 8:00 p.m.
and 8:00 a.m.

[0052] In response to determining the one or more simulation conditions to be applied to the
simulated set of operations (e.g., the time period, etc.), time constraint window manager 110
can run the first simulation of the set of operations over the time period (e.g., between 8:00
p.m. and 8:00 a.m.), in accordance with previously described embodiments.

[0053] At block 240, the processing device receives a first output of the simulation that
indicates a number of candidate substrates that were successfully processed during each of the
simulated set of operations to reach the end of the time period. In some embodiments,
simulation module 107 can generate a report associated with the simulation, in accordance with
previously described embodiments. The report can indicate the number of candidate substrates,
of the set of candidate substrates, that were successfully processed during each of the simulated
set of operations to reach the end of the time period. For example, referring to FIG. 4A, the
processing device (e.g., time constraint window manager 110) can run the simulation for the
set of operations 400 for a set of 100 candidate substrates over the time period associated with
the cascading time constraint window including time constraint windows 412A, 412B, and
412C (e.g., 12 hours). The output of the simulation can indicate that 90 candidate substrates of
the 100 candidate substrates were successfully processed during each of the simulated set of
operations to reach the end of the time period (e.g., to complete operation 10).

[0054] In some embodiments, time constraint window manager 110 can run a second
simulation to verify the number of candidate substrates identified by the first simulation. For
example, time constraint window manager 110 can run a second simulation of the 90 successful
candidate substrates included in the first simulation output. Time constraint window manager
110 can receive a second simulation output indicating a second number of successful candidate

substrates. Responsive to determining that each of the number of candidate substrates identified
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by the first simulation are included in the second simulation output, method 200 can continue
to block 250.

[0055] At block 250, the processing device initiates, in view of the first simulation output,
the set of operations at the manufacturing system to process the first number of candidate
substrates over the time period. In some embodiments, the processing device initiates the set
of operations 400 at the manufacturing system by setting a substrate limit 111 for a first
operation 410 of the set of operations 400 to correspond to the first number of candidate
substrates. As described previously, time constraint window manager 110 can set the substrate
limit 111 for the first operation 410 by providing the first number of candidate substrates to
production dispatcher system 103. Production dispatcher system 103 can use a substrate
counter value to monitor whether a number of substrates started at the initiating operation
satisfies the substrate limit 111 over the time period. For example, for each substrate started at
the initiating operation of the set of operations 400, production dispatcher system 103 can
update the substrate counter value by decreasing the substrate counter value by one. The
updated substrate counter value can indicate to the production dispatcher system 103 the
number of substrates of the substrate queue that can be started that the initiating operation
within the time period. (e.g., between 8:00 p.m. and 8:00 a.m_, based on the previous example).
[0056] The processing device can run multiple simulations of the set of operations 410 during
the time period (e.g., between 8:00 p.m. and 8:00 a.m.). In some embodiments, a user of the
manufacturing system can request that a simulation be run for the manufacturing system at
particular instances of time (e.g., every 4 hours). In other or similar embodiments, the
processing device can run another simulation in response to determining a state of the
manufacturing system has changed. For example, at 8:00 p.m., one or more manufacturing
equipment 112 at the manufacturing system may be unable to perform any of the set of
operations 410 (e.g., the manufacturing equipment 112 is unavailable for repair, etc.). At 12:00
a.m., the manufacturing equipment 112 may be available to perform an operation 410 (e.g., the
manufacturing equipment 112 has been repaired). At or prior to 12:00 p.m., an operator of the
manufacturing system can transmit a request to initiate the set of operations to be run at the
manufacturing system at 12:00 a.m. Responsive to receiving the request, time constraint
window manager 110 can determine a second set of candidate substrates to be processed during
the set of operations 400 and run a second simulation of the set of operations for the second set
of substrates over another time period. In such example, the time constraint window manager
110 can determine the time period is to be between 12:00 a.m. and 12:00 p.m., in accordance

with previously disclosed embodiments. The second simulation can generate a second
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simulation output indicating a second number of candidate substrates that were successfully
processed during each of the simulated set of operations to reach the end of the second time
period. In response to receiving the second number of candidate substrates, time constraint
window manager 110 can update the substrate limit 111 for the first operation 410 of the set of
operations 400 by providing the second number of candidate substrates to the production
dispatcher system 103. Production dispatcher system 103 can use a substrate counter value to
monitor whether a number of substrates started at the first operation 410 satisfies the substrate
limit 111 over the time period of 12:00 a.m. to 12:00 a.m.

[0057] FIG. 3 is a flow diagram of another method 300 for time constraint management,
according to aspects of the present disclosure. As described previously, method 300 can be
performed by a processing device, such as time constraint window manager 110 of FIG. 1. In
some embodiments, one or more acts depicted and described for method 300 can correspond
to an act depicted and described for method 20. In other or similar embodiments, the one or
more of the series of acts depicted and described for method 300 can be performed responsive
to a performance of one or more of the series of acts depicted and described for method 200.
[0058] At block 310, the processing device receives a second output of the first simulation
that indicates an additional substrate processing capacity for manufacturing equipment of the
manufacturing system. In some embodiments, the manufacturing equipment can be
manufacturing equipment 112 of production environment 100, described with respect to FIG.
1. The first simulation can be the simulation described with respect to FIG. 2. In some
embodiments, the second output of the first simulation can indicate a number of substrates not
included in the first set of candidate substrates that could have been processed at manufacturing
equipment 112 during the time period. For example, referring to FIG. 4, time constraint
window manager 110 can run the first simulation for the set of operations 400 for a set of 100
candidate substrates over the time period associated with the cascading time constraint window
including time constraint windows 412A, 412B, and 412C (e.g., 12 hours). The a first output
of the first simulation can indicate that each of the 100 candidate substrates were successfully
processed during each of the simulated set of operations to reach the end of the time period
(e.g., to complete operation 10). The second output of the first simulation can indicate that 10
additional substrates not included in the set of 100 candidate substrates could have been
successfully processed during each of the simulated set of operations to reach the end of the
time period.

[0059] In other or similar embodiments, the second output of the first simulation can

correspond to estimated state data for the manufacturing equipment 112 during a portion of the
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first time period. For example, the second output can indicate an amount of time during the
first time period that the manufacturing equipment 112 was idle (i.e., not processing any
substrates).

[0060] At block 320, the processing device (e.g., time constraint window manager 110)
determines a second number of candidate substrates based on the additional substrate
processing capacity of manufacturing equipment of a manufacturing system. In some
embodiments, time constraint window manager 110 can determine the second number of
candidate substrates based on a number of substrates not included in the first set of candidate
substrates that could have been processed at manufacturing equipment 112. In other or similar
embodiments, time constraint window manager 110 can determine the second number of
candidate substrates based on the estimated state data for manufacturing equipment 112 during
a portion of the first time period. For example, time constraint window manager 110 can
determine a number of substrates that could have been processed during the first time period
that the manufacturing equipment 112 was idle.

[0061] At block 330, the processing device optionally identifies a second set of candidate
substrates to be processed during the set of operations. The processing device can determine
the second set of candidate substrates based on the second number of candidate substrates. In
some embodiments, the processing device can identify the second set of substrates from a
substrate queue, in accordance with previously described embodiments. In accordance with the
previous example, the second output of the first simulation can indicate that 10 additional
substrates not included in the set of 100 candidate substrates could have been successfully
processed during each of the simulated set of operations to reach the end of the time period. As
described previously, time constraint window manager 110 determines the set of 100 candidate
substrates by identifying 100 substrates at the top of the queue. Time constraint window
manager 110 can determine the second set of candidate substrates by identifying 10 substrates
of the queue that follow the identified 100 substrates at the top of the queue.

[0062] At block 340, the processing device optionally runs a second simulation for the set of
operations for the first set of candidate substrates and the second set of candidate substrates
over the time period. The processing device can run the second simulation in accordance with
previously described embodiments. At block 350, the processing device optionally receives an
output of the second simulation that indicates a third number of candidate substrates that were
successfully processed during each of the simulated operations to reach an end of the time

period.
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[0063] At block 360, the processing device optionally determines that the third number of
candidate substrates corresponds to a sum of the first number of candidate substrates and the
second number of candidate substrates. In response to the processing device determining the
third number of candidate substrates corresponds to the sum of the first number of candidate
substrates and the second number of candidate substrates, method 300 continues to block 370.
In accordance with the previous example, time constraint window manager 110 can run the
second simulation for the set of operations for the set of 100 candidate substrates and the set of
10 candidate substrates. The output of the second simulation can indicate that 110 total
candidate substrates (e.g., the each of the set of 100 candidate substrates and each of the set of
10 candidate substrates) were successfully processed during each of the simulated operations
to reach the end of the time period. Time constraint window manager 110 can therefore
determine that the third number of candidate substrates (e.g.,, 110 candidate substrates)
corresponds to the sum of the first number of candidate substrates (e.g., 100 candidate
substrates) and the second number of candidate substrates (e.g., 10 candidate substrates).
[0064] In some embodiments, the processing device can optionally determine that the third
number of candidate substrates does not correspond to the sum of the first number of candidate
substrates and the second number of candidate substrates. In accordance with the previous
example, the output of the second simulation can indicate that 105 total candidate substrates
were successfully processed during each of the simulated operations to reach the end of the
time period. Time constraint window manager 110 can determine that the third number of
candidate substrates (e.g., 105 candidate substrates) does not correspond to the sum of the first
number of candidate substrates (e.g., 100 candidate substrates) and the second number of
candidate substrates (e.g., 10 candidate substrates). In such embodiments, the processing
device can optionally run a third simulation for the set of operations for the third number of
candidate substrates (e.g., 105 candidate substrates) and receive an output of the third
simulation that indicates a fourth number of candidate substrates that were successfully
processed during each of the simulated operations to reach an end of the time period. In other
or similar embodiments, the processing device can initiate the set of operations to process the
third number of candidate substrates over the time period.

[0065] At block 370, the processing device initiates the set of operations to process the first
number of candidate substrates and the second number of candidate substrates over the period
of time, in accordance with previously described embodiments.

[0066] FIG. S illustrates a graphical user interface (GUI) 500 to provide one or more

simulation outputs to a user of a manufacturing system, according to aspects of the present
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disclosure. In some embodiments, GUI 500 can be presented to a user of a manufacturing
system (i.e., via user device 114 of FIG. 1) after a simulation is performed for the
manufacturing system. GUI 500 can depict data corresponding to an output of a simulation of
the manufacturing system for a particular period of time. For example a simulation can be run
for each of a set of substrates, illustrated by GUI elements 520, for a time period between 8:00
p.m. and 8:00 a.m., as indicated by GUI elements 520. GUI elements 530 can indicate one or
more operations performed at manufacturing equipment 112 of the manufacturing system. A
size and/or style of GUI elements 530 can correspond to an amount of time the operation was
performed and the type of operation performed at the manufacturing equipment 112. A user of
the manufacturing system can determine whether a substrate is likely to be successfully
processed within a time constraint window using data provided by GUI 500. For example, a
time constraint window can correspond to an amount of time between 8:00 p.m. and 8:00 a.m.
Four operations, illustrated by GUI elements 530, are to be completed within the time constraint
window. A user can determine the substrates that are likely to be successfully processed during
the time constraint window by identifying the substrates 510 that have been processed
according to all four operations 530 prior to the end of the time constraint window (i.e.,
substrates, 1, 2, and N), illustrated by line 540. A user can similarly determine the substrates
that are not likely to be successfully processed during the time constraint window by identifying
the substrates 510 that are not processed according to all four operations 530 prior to the end
of the time constraint window (i.e., substrates 3 and 4).

[0067] FIG. 6 is a block diagram illustrating a computer system 600, according to certain
embodiments. FIG. 6 illustrates a diagrammatic representation of a machine in the example
form of a computing device 600 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 600 can correspond to
time constraint window manager 110 of FIG. 1.

[0068] The example computing device 600 includes a processing device 602, a main memory
604 (e.g., read-only memory (ROM), flash memory, dynamic random access memory (DRAM)
such as synchronous DRAM (SDRAM), etc.), a static memory 606 (e.g., flash memory, static
random access memory (SRAM), etc.), and a secondary memory (e.g., a data storage device
528), which communicate with each other via a bus 608.

[0069] Processing device 602 can represent one or more general-purpose processors such as
a microprocessor, central processing unit, or the like. More particularly, the processing device
602 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 602 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 602 can also be or include a system on a chip (SoC), programmable logic controller
(PLC), or other type of processing device. Processing device 602 is configured to execute the
processing logic (instructions 626) for performing operations and steps discussed herein.
[0070] The computing device 600 can further include a network interface device 622 for
communicating with a network 664. The computing device 600 also can include a video display
unit 610 (e.g., a liquid crystal display (LCD) or a cathode ray tube (CRT)), an alphanumeric
input device 612 (e.g., a keyboard), a cursor control device 614 (e.g., a mouse), and a signal
generation device 620 (e.g., a speaker).

[0071] The data storage device 628 can include a machine-readable storage medium (or more
specifically a non-transitory computer-readable storage medium) 624 on which is stored one
or more sets of instructions 626 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 626 can also reside, completely or at least partially, within
the main memory 604 and/or within the processing device 602 during execution thereof by the
computer device 600, the main memory 604 and the processing device 602 also constituting
computer-readable storage media.

[0072] While the computer-readable storage medium 624 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.

[0073] 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.

[0074] 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%.

[0075] 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.

[0076] 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 a first request to initiate a set of operations to be run at a manufacturing
system, wherein the set of operations comprises one or more operations that each have one or
more time constraints;

determining a first plurality of candidate substrates to be processed during the set of
operations;

running a first simulation of the set of operations for the first plurality of candidate
substrates over a first time period, wherein the first simulation generates a first simulation
output indicating a first number of candidate substrates that were successfully processed
during each of the simulated set of operations to reach an end of the first time period; and

initiating, in view of the first simulation output, the set of operations at the
manufacturing system to process the first number of candidate substrates over the first time

period.

2. The method of claim 1, further comprising;
determining a set of time constraint windows based on each of the one or more
operations of the set of operations that each have the one or more time constraints; and
identifying, a largest time constraint window of the set of time constraint windows,
wherein the first time period corresponds to an amount of time associated with the largest

time constraint window.

3. The method of claim 1, wherein initiating the set of operations at the manufacturing
system to process the first number of candidate substrates comprises:

setting a substrate counter value for a first operation of the set of operations to
correspond to the first number of candidate substrates, wherein the substrate counter value
defines a total number of substrates at the manufacturing system to be initiated at the first

operation over the first time period.

4. The method of claim 3, further comprising:
receiving a second request to initiate the set of operations to be run at the

manufacturing system;
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determining a second plurality of candidate substrates to be processed during the set
of operations;

running a second simulation of the set of operations for the second plurality of
substrates over a second time period, wherein the second simulation generates a second
simulation output indicating a second number of candidate substrates that were successfully
processed during each of the simulated set of operations to reach an end of the second time
period; and

updating the substrate counter value for the first operation of the set of operations to

correspond to the second number of candidate substrates.

5. The method of claim 1, wherein the first simulation further generates a second
simulation output indicating an additional substrate processing capacity for a manufacturing
equipment of the manufacturing system, the additional substrate processing capacity
corresponding to a number of substrates that could be successfully processed at the
manufacturing equipment within the first time period, and wherein the method further
comprises:

determining, based on the additional substrate processing capacity for the
manufacturing equipment, a second number of candidate substrates, wherein the set of
operations are initiated to process the first number of candidate substrates and the second

number of candidate substrates over the first time period.

6. The method of claim 5, further comprising;

identifying a second plurality of candidate substrates to be processed during the set of
operations based on the second number of candidate substrates;

running a second simulation of the set of operations for the first plurality of candidate
substrates and the second plurality of substrates over the first time period, wherein the second
simulation generates a third simulation output indicating a third number of candidate
substrates that were successfully processed during each of the simulated set of operations to
reach the end of the first time period; and

determining whether the third number of candidate substrates corresponds to a sum of
the first number of candidate substrates and the second number of candidate substrates,
wherein the set of operations are initiated to process the first number of candidate substrates

and the second number of candidate substrates responsive to a determination that the third
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number of candidate substrates corresponds to a sum of the first number of candidate

substrates and the second number of candidate substrates.

7. The method of claim 1, wherein the one or more time constraints for an operation of
the set of operations each comprise an amount of time after completion of the operation that

one or more subsequent operations of the plurality of operations are to be completed.

8. The method of claim 1, wherein the first simulation comprises a heuristic simulation
configured to simulate at least one of: one or more substrates being processed during the set
of operations, a state of one or more manufacturing equipment of the manufacturing system,
one or more operations of a process recipe associated with a substrate at the manufacturing

system, or actions performed by an operator at the manufacturing system.

9. A system comprising:

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

receive a first request to initiate a set of operations to be run at a
manufacturing system, wherein the set of operations comprises one or more
operations that each have one or more time constraints;

determine a first plurality of candidate substrates to be processed during the
set of operations;

run a first simulation of the set of operations for the first plurality of candidate
substrates over a first time period, wherein the first simulation generates a first
simulation output indicating a first number of candidate substrates that were
successfully processed during each of the simulated set of operations to reach an end
of the first time period; and

initiate, in view of the first simulation output, the set of operations at the
manufacturing system to process the first number of candidate substrates over the first

time period.
10.  The system of claim 9, wherein the processing device is further to:

determine a set of time constraint windows based on each of the one or more

operations of the set of operations that each have the one or more time constraints; and

6-



WO 2022/026331 PCT/US2021/043037

identify, a largest time constraint window of the set of time constraint windows,
wherein the first time period corresponds to an amount of time associated with the largest

time constraint window.

11. The system of claim 9, wherein to initiate the set of operations at the manufacturing
system to process the first number of candidate substrates, the processing device is to:

set a substrate counter value for a first operation of the set of operations to correspond
to the first number of candidate substrates, wherein the substrate counter value defines a total
number of substrates at the manufacturing system to be initiated at the first operation over the

first time period.

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

receive a second request to initiate the set of operations to be run at the manufacturing
system;

determine a second plurality of candidate substrates to be processed during the set of
operations;

run a second simulation of the set of operations for the second plurality of substrates
over a second time period, wherein the second simulation generates a second simulation
output indicating a second number of candidate substrates that were successfully processed
during each of the simulated set of operations to reach an end of the second time period; and

update the substrate counter value for the first operation of the set of operations to

correspond to the second number of candidate substrates.

13.  The system of claim 9, wherein the first simulation further generates a second
simulation output indicating an additional substrate processing capacity for a manufacturing
equipment of the manufacturing system, the additional substrate processing capacity
corresponding to a number of substrates that could be successfully processed at the
manufacturing equipment within the first time period, and wherein the processing device is
further to:

determine, based on the additional substrate processing capacity for the
manufacturing equipment, a second number of candidate substrates, wherein the set of
operations are initiated to process the first number of candidate substrates and the second

number of candidate substrates over the first time period.
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14.  The system of claim 13, wherein the processing device is further to:

identify a second plurality of candidate substrates to be processed during the set of
operations based on the second number of candidate substrates;

run a second simulation of the set of operations for the first plurality of candidate
substrates and the second plurality of substrates over the first time period, wherein the second
simulation generates a third simulation output indicating a third number of candidate
substrates that were successfully processed during each of the simulated set of operations to
reach the end of the first time period; and

determine whether the third number of candidate substrates corresponds to a sum of
the first number of candidate substrates and the second number of candidate substrates,
wherein the set of operations are initiated to process the first number of candidate substrates
and the second number of candidate substrates responsive to a determination that the third
number of candidate substrates corresponds to a sum of the first number of candidate

substrates and the second number of candidate substrates.

15.  The system of claim 9, wherein the one or more time constraints for an operation of
the set of operations each comprise an amount of time after completion of the operation that

one or more subsequent operations of the plurality of operations are to be completed.

16. A non-transitory computer readable storage medium comprising instructions that,
when executed by a processing device, cause the processing device to:

receive a first request to initiate a set of operations to be run at a manufacturing
system, wherein the set of operations comprises one or more operations that each have one or
more time constraints;

determine a first plurality of candidate substrates to be processed during the set of
operations;

run a first simulation of the set of operations for the first plurality of candidate
substrates over a first time period, wherein the first simulation generates a first simulation
output indicating a first number of candidate substrates that were successfully processed
during each of the simulated set of operations to reach an end of the first time period; and

initiate, in view of the first simulation output, the set of operations at the
manufacturing system to process the first number of candidate substrates over the first time

period.
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17.  The non-transitory computer readable storage medium of claim 16, wherein the
processing device is further to:
determine a set of time constraint windows based on each of the one or more
operations of the set of operations that each have the one or more time constraints; and
identify, a largest time constraint window of the set of time constraint windows,
wherein the first time period corresponds to an amount of time associated with the largest

time constraint window.

18.  The non-transitory computer readable storage medium of claim 16, wherein to initiate
the set of operations at the manufacturing system to process the first number of candidate
substrates, the processing device is to:

set a substrate counter value for a first operation of the set of operations to correspond
to the first number of candidate substrates, wherein the substrate counter value defines a total
number of substrates at the manufacturing system to be initiated at the first operation over the

first time period.

19.  The non-transitory computer readable storage medium of claim 18, wherein the
processing device is further to:

receive a second request to initiate the set of operations to be run at the manufacturing
system;

determine a second plurality of candidate substrates to be processed during the set of
operations;

run a second simulation of the set of operations for the second plurality of substrates
over a second time period, wherein the second simulation generates a second simulation
output indicating a second number of candidate substrates that were successfully processed
during each of the simulated set of operations to reach an end of the second time period; and

update the substrate counter value for the first operation of the set of operations to

correspond to the second number of candidate substrates.

20. The non-transitory computer readable storage medium of claim 16, wherein the first
simulation further generates a second simulation output indicating an additional substrate
processing capacity for a manufacturing equipment of the manufacturing system, the

additional substrate processing capacity corresponding to a number of substrates that could be
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successfully processed at the manufacturing equipment within the first time period, and
wherein the processing device is further to:

determine, based on the additional substrate processing capacity for the
manufacturing equipment, a second number of candidate substrates, wherein the set of
operations are initiated to process the first number of candidate substrates and the second

number of candidate substrates over the first time period.
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