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SEMICONDUCTOR PROCESSING METHOD USING VIRTUAL MODULES

Cross-reference to Related Applications

[0001] This PCT application is based on, and relies for priority on, United
States Non-Provisional Patent Application Number 10/927,500, filed August

27, 2004, the entire contents of which are incorporated herein by reference.

Field of the Invention

[0002] The invention relates to developing process models for

semiconductor wafer processing. More particularly, the invention relates to a
run-to-run controller to create virtual modules to control a multi-pass process
performed by a multi-chamber tool during the processing of a semiconductor

wafer.

Background of the Invention

[0003] Processing tools used in the semiconductor industry have developed
into complex processing systems having a number of associated process
modules. Due at least in part to this development trend, the dividing line
between the tool control systems and the factory control systems are
becoming increasingly blurred. The factory system can allow the tool control
system to control certain segments of the process sequence. This can create
new opportunities for tailored control and optimization of segments of the
process sequence on a lot-to-lot basis or even on a wafer-to-wafer basis, but
new challenges can also be created. If the factory control system cedes
control over the wafers to the tool platform, then it also must cede direct
knowledge of what actually happens to the wafers to the same platform. As a
result, a new architecture should be created for the integration of the tool
platform with the factory control system. The new architecture would require
the tool platform to report what happened to the wafers including recipes,
measured data, events, exceptions, etc. The new architecture must require

the factory system to set up a framework to be followed by the tool platform,
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including process limits, allowable conditions, and required response to
exceptions.

[0004] In addition, multi-module tools need to interface with factory systems
that adhere to Semiconductor Equipment and Materials International (SEMI)
standards.

[0005] Data from multiple events performed in a particular module, which
need to be reported to the factory system, can be written by the controller of
the tool platform or by the factory system controllers upon a subsequent visit
of the wafer to the same module. One limitation of this arrangement is that
recipes cannot be associated with the physical module, because the physical
module is used more than once. Moreover, the physical module may perform
different operations.

[0006] One way to resolve this problem is to find a way for the factory and
tool information systems to deal with multiple passes to the same module in a
multi-chamber process tool. In addition, for a multi-chamber system having
the problem of establishing routing that may be different for each wafer (wafer
sampling) and/or establishing a dynamic routing which is determined by the
tool (again including wafer sampling), a secondary solution is required. In
particular, demand has developed for an information systems architecture that
is able to function when each module samples the wafers differently, when the
wafers can make more that one pass through a physical module, and when
the tool can change the sequence or sampling.

[0007] For semiconductor processing, it is well-established that feedforward
controllers may be used in the fabrication of semiconductor integrated circuits
by semiconductor manufacturing facilities (fabs). Until recently, wafers were
treated as a batch or a lot and the same processing was performed on each
of the wafers in the lot. The size of the lot varies depending on the
manufacturing practices of the fab but is typically limited to a maximum of 25
wafers. Measurements were routinely made on a few wafers in the lot and
adjustments were made to the processing based on these sample
measurements. This method of control which is based on sample
measurements on the current lot and process recipe adjustments for ensuing
lots is called lot-to-lot control (L2L). The process models and information

necessary to modify the process recipes for L2L control were stored and the
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computations were performed at the fab level. Recently, manufacturers of
semiconductor processing equipment (SPE) have included the ability to
measure each wafer immediately before and after processing is performed.
The capability to measure each wafer on the processing tool is called
integrated metrology (IM). IM, in turn, enabled the ability to measure and
adjust the process recipe at the wafer-to-wafer (W2W) level. Because of the
high volume of data collected and the short period of time between the
measurements and subsequent processing of the wafer, it may be necessary
to provide the ability to perform wafer-to-wafer (W2W) control at the tool
rather than at the fab level.

Summary of the Invention

[0008] One embodiment of the invention provides a method of operating a
processing system controller in a semiconductor processing system including
a host system and a processing system. The method includes receiving a
static virtual module plan (SVMP), where the SVMP includes a desired
process result for at least one wafer, a process sequence for at least one
wafer, the process sequence comprising (N) virtual module (VM) objects. A
first number (Nag) of the VM objects are visited virtual module (VVM) objects,
and a second number (Nnon) of the VM objects are non-visited virtual module
(NVVM) objects. A VVM object can be associated with a visit by a wafer to a
physical module, and a NVVM object can be associated with a non-visit by a
wafer to a physical module. The method can also include executing the
process sequence, collecting visited virtual module (VVM) data when a VVM
object in the process sequence is executed, and collecting non-visited virtual
module (NVVM) data when a NVVM object in the process sequence is
executed.

[0009] Another embodiment provides a method of operating a host controller
in a semiconductor processing system that includes a host system and a
processing system. The method includes creating a static virtual module plan
(SVMP), where the SVMP comprises a desired process result for at least one
wafer and a process sequence for the at least one wafer. The process

sequence includes (N) virtual module (VM) objects. A first number (Ngc) of
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the VM objects are visited virtual module (VVM) objects, and a second
number (Nyon) of the VM objects are non-visited virtual module (NVVM)
objects. A VVM object can be associated with a visit by a wafer to a physical
module, and a NVVM object can be associated with a non-visit by a wafer to a
physical module. The method can aiso include sending the SVMP to the
processing system.

[0010] Another embodiment provides another method of operating a
processing system controller in a semiconductor processing system including
a host system and a processing system. The method includes receiving a
desired process result for at least one wafer from the host system and
creating a dynamic virtual module plan (DVMP). The DVMP has a process
sequence for the at least one wafer. The process sequence is created to
achieve the desired process result for the at least one wafer. The process
sequence can include (N) virtual module (VM) objects. A first number (Nact) of
the VM objects are visited virtual module (VVM) objects, and a second
number (Nqon) of the VM objects are non-visited virtual module (NVVM)
objects. A VVM object can be associated with a visit by a wafer to a physical
module, and a NVVM object can be associated with a non-visit by a wafer to a
physical module. The method also includes sending the DVMP to the host
system.

[0011] Another embodiment provides another method of operating a host
controller in a semiconductor processing system that includes a host system
and a processing system. The method includes receiving, by a host system,
a dynamic virtual module plan (DVMP) from the processing system. The
DVMP can include a process sequence for at least one wafer. The process
sequence can be created to achieve the desired process result for the at least
one wafer. The process sequence can comprise (N) virtual module (VM)
objects, where (Nae) VM objects are visited virtual module (VVM) objects and
(Nnon) VM objects are non-visited virtual module (NVVM) objects. A VVM
object can be associated with a visit by the at least one wafer to a physical
module, and a NVVM object can be associated with a non-visit by the at least
one wafer to a physical module. The method can also include executing the
DVMP.
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[0012] Other aspects of the present invention will become apparent from the
description that follows and from the drawings appended hereto. The scope of
the invention is not limited solely to the aspects described or the embodiments

discussed, but extends to any and all equivalents thereof.

Brief Description of the Drawings

[0013] A more complete appreciation of various embodiments of the
invention and many of the attendant advantages thereof will become readily
apparent with reference to the following detailed description, particularly when
considered in conjunction with the accompanying drawings, in which:

[0014] FIG. 1 shows an exemplary block diagram of a processing system in
accordance with an embodiment of the present invention;

[0015] FIG. 2 shows a simplified block diagram of a factory integration
configuration in accordance with an embodiment of the invention;

[0016] FIG. 3 shows a simplified block diagram of an integrated processing
system in accordance with an embodiment of the invention;

[0017] FIG. 4 shows a simplified flow diagram for an integrated
measurement process in accordance with an embodiment of the invention;
[0018] FIG. 5 shows a simplified flow diagram of a multi-step process
sequence in accordance with an embodiment of the invention;

[0019] FIG. 6 shows a simplified block diagram of a control process in
accordance with an embodiment of the invention;

[0020] FIG. 7 shows an exemplary relationship diagram for physical modules
in accordance with an embodiment of the invention;

[0021] FIG. 8 shows a flow diagram for a method of operating a processing
system controller in accordance with an embodiment of the invention;

[0022] FIG. 9 shows a flow diagram for a method of operating a host system
controller in accordance with another embodiment of the invention;

[0023] FIG. 10 shows a flow diagram for a method of operating a processing
system controller in accordance with another embodiment of the invention;
[0024] FIG. 11 shows a flow diagram for a method of operating a host

system controller in accordance with another embodiment of the invention;
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[0025] FIG. 12 illustrates an exemplary view of a virtual module (VM) Control
Strategy Screen in accordance with an embodiment of the invention; and
[0026] FIG. 13 illustrates an exemplary view of virtual module (VM) Control

Plan Screen in accordance with an embodiment of the invention.

Detailed Description of the Embodiments

[0027] FIG. 1 shows an exemplary block diagram of a processing system in
accordance with an embodiment of the present invention. In the illustrated
embodiment, a processing system 100 comprises a processing tool 110, a
controller 120 coupled to the processing tool 110, and a manufacturing
equipment system (MES) 130 that is coupled to the controller 120 and to the
processing tool 110. In addition, at least one of the processing tool 110, the
controller 120, and the MES 130 can comprise a Graphical User Interface
(GUI) component and/or a database component (not shown). In alternate
embodiments, the GUI component and/or the database component are not
required.

[0028] Some setup and/or configuration information can be obtained by the
processing tool 110 and/or the controller 120 from the factory system 130.
Factory level business rules can be used to establish a control hierarchy. For
example, the processing tool 110 and/or the controller 120 can operate
independently, or can be controlled to some degree by the factory system
130. In addition, factory level business rules can be used to determine when
a process is paused and/or stopped, and what is done in response to
determining that a process has been paused and/or stopped. In addition,
factory level business rules can be used to determine when, as well as how,
to change the process.

[0029] Business rules can also be used to specify the action taken for
normal processing and the actions taken on exceptional conditions. The
actions can include: (a) initial model loading; (b) pre-etch metrology data
filtering; (c) controller recipe selection;(d) post-etch metrology data filtering;
(e) feedback calculation; and (f) a model update.

[0030] Business rules can be defined at a control strategy level, a control

plan level, or a control model level. Business rules can be assigned to
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execute whenever a particular context is encountered. When a matching
context is encountered at a higher level as well as a lower level, the business
rules associated with the higher level can be executed. GUI screens can be
used for defining and maintaining the business rules. Business rule definition
and assignment can be allowed for users with greater than normal security
level. The business rules can be maintained in the database. Documentation
and help screens can be provided on how to define, assign, and maintain the
business rules.

[0031] The MES 130 can monitor some system processes using data
reported from the databases associated with the processing tool 110 and/or
the controller 120. Factory level business rules can be used to determine
which processes are monitored and which data is used. For example, the
processing tool 110 and/or the controller 120 can independently collect data
or the data collection process can be controlled to some degree by the factory
system 130. In addition, factory level business rules can be used to
determine how to manage the data when a process is changed, paused,
and/or stopped.

[0032] In addition, the MES 130 can provide run-time configuration
information to the processing tool 110 and/or the controlier 120. For example,
automated process control (APC) settings, targets, limits, rules, and
algorithms can be downloaded from the factory to the processing tool 110
and/or the controller 120 as an “APC recipe”, an “APC system rule”, and “APC
recipe parameters” at run-time.

[0033] Some setup and/or configuration information can be determined by
the processing tool 110 and/or the controller 120 when they are initially
configured by the system 100. System-level business rules (system rules)
can be used to establish a control hierarchy. For example, the processing
tool 110 and/or the controller 120 can operate independently or the
processing tool 110 can be controlled to some degree by the controller 120.
In addition, system rules can be used to determine when a process is paused
and/or stopped, and what is done when a process is paused and/or stopped.
In addition, system rules can be used to determine when to change a process
and how to change the process. Furthermore, the controller 120 can use tool

level rules to control some tool level operations.
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[0034] In general, rules allow system and/or tool operation to change based
on the dynamic state of the system.

[0035] Although FIG. 1 depicts one processing tool 110 and one controller
120, it will be appreciated that this is not required for the invention. The
semiconductor processing system 100 can comprise any number of
processing tools 110 having any number of controllers 120 associated with
them in addition to the independent process tools 110 and modules.

[0036] The processing tool 110 and/or the controller 120 can be used to
configure any number of processing tools 110 having any number of
processing tools 110 associated with them in addition to any number of
independent process tools 110 and modules. The processing tool 110 and/or
the controller 120 can collect, provide, process, store, and display data from
processes involving processing tools, processing subsystems, process
modules, and sensors.

[0037] The processing tool 110 and/or the controller 120 can comprise a
number of applications, including: (a) at least one tool-related application; (b)
at least one module-related application; (c) at least one sensor-related
application; (d) at least one interface-related application; (e) at least one
database-related application; (f) at least one GUI-related application; and (g)
at least one configuration application.

[0038] For example, the system 100 can comprise an Automatic Process
Control (APC) system from Tokyo Electron Limited that can include a Unity
Tool, a Telius Tool, and/or a Trias Tool and their associated processing
subsystems and process modules. In addition, the system can comprise a
run-to-run (R2R) controller, such as the Ingenio TL ES server from Tokyo
Electron Limited, and an integrated metrology module (IMM) from Tokyo
Electron Limited. Alternately, the controller 120 can support other process
tools and other process modules.

[0039] A GUI component (not shown) can provide easy to use interfaces
that enable users to: (a) view tool status and process module status; (b)
create and edit x-y charts of summary and raw (trace) parametric data for
selected wafers; (c) view tool alarm logs; (d) configure data collection plans
that specify conditions for writing data to the database or to output files; (e)
input files to statistical process control (SPC) charting, modeling and

-8-
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spreadsheet programs; (f) examine wafer processing information for specific
wafers, and review data that is currently being saved to the database; (g)
create and edit SPC charts of process parameters, and set SPC alarms which
generate e-mail warnings; (h) run multivariate PCA and/or PLS models; and
(i) view diagnostics screens in order to troubleshoot and report problems with
the controller 120.

[0040] Raw data and trace data from the tool can be stored as files in a
database. In addition, IM data and host metrology data can be stored in the
database. The amount of data depends on the data collection plans that are
configured, as well as the frequency with which processes are performed and
processing tools are run. The data obtained from the processing tools, the
processing chambers, the sensors, and the operating system can be stored in
the database.

[0041] In an alternate embodiment, the system 100 can comprise a client
workstation (not shown). The system 100 can support a plurality of client
workstations. A client workstation can allow a user to perform configuration
procedures: (a) to view status including tool, controller, process, and factory
status; (b) to view current and historical data; (c) to perform modeling and
charting functions; and (d) to input data to the controller. For example, a user
may be provided with administrative rights that allow the user to control one or
more processes performed by a controller.

[0042] The processing tool 110 and the controller 120 can be coupled to the
MES 130 and can be part of an E-Diagnostic System. The processing tool
110 and/or the controller 120 can exchange information with a factory system.
In addition, the MES 130 can send command and/or override information to
the processing tool 110 and/or the controller 120. For example, the MES 130
can feed-forward to the processing tool 110 and/or the controller 120
downloadable recipes for any number of process modules, tools, and
measuring devices, with variable parameters for each recipe. Variable
parameters can include final critical dimension (CD) targets, limits, offsets,
and variables in the tool level system that needs to be adjustable by lot. In
addition, factory litho CD metrology data can be feed-forwarded to the

controller 120.
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[0043] Furthermore, the MES 130 can be used to provide measurement
data, such as critical dimension scanning electron microscope (CD SEM)
information, to the controller 120. Alternately, the CD SEM information can be
provided manually. Adjustment factors are used to adjust for any offset
between the IM and CD SEM measurements. Manual and automated input of
CD SEM data includes a timéstamp, such as a date, for proper insertion in to
the history of the feedback (FB) control loop in the R2R controller.

[0044] Configurable items can be configured as a set of variable parameters
sent from the factory system using Generic Model SEMI Equipment
Communications Standard (GEM SECS) communications protocol. For
example, variable parameters can be passed as part of an “APC Recipe”. An
APC recipe may contain more than one sub recipes and each sub recipe can
contain variable parameters.

[0045] As noted above, a single processing tool 110 is also shown in FIG. 1,
but this is not required for the invention, as additional processing tools can be
used. In one embodiment, the processing tool 110 can comprise one or more
processing modules. The processing tool 110 can comprise, for example, at
least one of an etch module, a deposition module, a polishing module, a
coating module, a developing module, and a thermal treatment module.
[0046] The processing tool 110 can comprise the links 112, 114 for coupling
to at least one other processing tool and/or controiler. For example, other
processing tools and/or controllers can be associated with a process that has
been performed previously and/or other controllers can be associated with a
process that is performed subsequently. The links 112,114 can be used to
feed forward and/or feed back information. For example, feed forward
information can comprise data associated with an in-coming wafer. This data
can include lot data, batch data, run data, composition data, and wafer history
data. The data can comprise pre-process data that can be used to establish
an input state for a wafer. A first part of the pre-process data can be provided
to the controller 120, and a second part of the pre-process data can be
provided to the processing tool 110. Alternately, the two parts can comprise
the same data.

[0047] The processing tool 110 can comprise a single integrated metrology

module (IMM) device (not shown) or multiple measurement devices. The
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system 100 can include module related measurement devices, tool-related
measurement devices, and external measurement devices. For example,
data can be obtained from sensors coupled to one or more process modules
and sensors coupled to the processing tool. In addition, data can be obtained
from an external device such as a SEM tool and an Optical Digital Profiling
(ODP) tool. An ODP tool is available from Timbre Technologies Inc. (a TEL
company) that provides a patented technique for measuring the profile of a
feature in a semiconductor device. For example, ODP techniques can be
used to obtain critical dimension (CD) information, feature profile information,
or via profile information.

[0048] The controller 120 is coupled to the processing tool 110 and the MES
130, and information, such as pre-processing data and post-processing data,
can be exchanged between them. For example, when an internal reset event
is being generated from the tool 110, the controller 120 can send a message,
such as an alarm, to the MES 130. This can allow the factory system and/or
factory personnel to make the necessary changes to minimize the number of
wafers at risk after a major change occurs, such as those that occur during
corrective or preventative maintenance.

[0049] A single controller 120 is also shown in FIG. 1, but this is not required
for the invention, as additional controllers can be used. For example, one
controller 120 can comprise a run-to-run (R2R) controller, a feed-forward (FF)
controller, a process model controller, a feedback (FB) controller, or a process
controller, or a combination of two or more thereof (all not shown in FIG. 1).
[0050] The controller 120 can comprise the links 122, 124 for coupling to at
least one other controller 120. For example, other controllers 120 can be
associated with a process that has been performed previously, and/or other
controllers 120 can be associated with a process that is performed
subsequently. The links 122, 124 can be used to feed forward and/or feed
back information.

[0051] The controller 120 can use the difference between a measured
critical dimension of the incoming material (input state) and a target critical
dimension (desired state) to predict, select, or calculate a set of process
parameters to achieve a desired process result that is changing the state of

the wafer from the input state to the desired state. For example, this
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predicted set of process parameters can be a first estimate of a recipe to use
based on an input state and a desired state. In one embodiment, data, such
as the input state and/or the desired state data, can be obtained from a host.
[0052] In one case, the controller 120 knows the input state and a model
equation for the desired state for the wafer, and the controller 120 determines
a set of recipes that can be performed on the wafer to change the wafer from
the input state to a processed state. For example, the set of recipes can
describe a multi-step process involving a set of process modules.

[0053] The time constant for the controller 120 can be based on the time
between measurements. When measured data is available after a lot is
completed, the controller's time constant can be based on the time between
lots. When measured data is available after a wafer is completed, the
controller's time constant can be based on the time between wafers. When
measurement data is provided real-time during processing, the controller's
time constant can be based on processing steps, within a wafer. When
measured data is available while a wafer is being processed or after a wafer
is completed or after the lot is completed, the controller 120 can have multiple
time constants that can be based on the time between process steps,
between wafers, and/or between lots.

[0054] One or more controllers can be operating at any point in time. For
example, one controller can be in an operating mode while a second
controller can be in a monitoring mode. In addition, another controller can be
operating in a simulation mode. A controller can comprise a single loop or
multiple loops, and the loops can have different time constants. For example,
loops can be dependent on wafer timing, lot timing, batch timing, chamber
timing, tool timing, and/or factory timing.

[0055] The controller 120 can operate as a single input single output (SISO)
device, as a single input multiple output (SIMO) device, as a multiple input
single output (MISO) device, and as a multiple input multiple output (MIMO)
device. In addition, inputs and outputs can be within a controller and/or
between one or more controllers. For example, when multiple inputs such as
CD and sidewall angle are being used, inputs and outputs can be fed forward
and backward between two modules, (i.e., one for CD control and one for

sidewall angle control). In addition, a mask open controller can also be used.
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In a multi-process case including multiple modules, information can be fed-
forward or fed-back from one controller to another controller.

[0056] The controller 120 can compute a predicted state for the wafer based
on the input state, the process characteristics, and a process model. For
example, a trim rate model can be used along with a processing time to
compute a predicted trim amount. Alternately, an etch rate model can be
used along with a processing time to compute an etch depth, and a deposition
rate model can be used along with a processing time to compute a deposition
thickness. In addition, models can include SPC charts, PLS models, PCA
models, Fitness Distance Correlation (FDC) models, and Multivariate Analysis
(MVA) models.

[0057] The controller 120 can receive and utilize externally provided data for
process parameter limits in a process module. For example, the controller
GUI component provides a means for the manual input of the process
parameter limits. In addition, a factory level controller can provide limits for
process parameters for each process module.

[0058] The controller 120 can receive and execute models created by
commercially available modeling software. For example, the controller 120
can receive and execute models (PLS, PCA, etc.) that were created by
external applications and sent to the controller 120.

[0059] The controller 120 can comprise one or more filters (not shown) to
filter the metrology data in order to remove the random noise. An outlier filter
can be used to remove outliers that are statically not valid and should not be
considered in the calculation of the mean of a wafer measurement. A noise
filter can be used to remove random noise and stabilize the control loop, an
Exponentially Weighed Moving Average (EWMA) or Kalman filter can be
applied.

[0060] The controller 120 can send and receive notification of an exception
condition. For example, the controller 120 can send and receive notifications
to and from a factory level controller or a tool level controller. In addition, a
notification can be sent via the e-Diagnostics network, e-mail, or pager after
the identification of an exception condition.

[0061] The controller 120 can comprise a database component for archiving

input and output data. For example, the controller 120 can archive received
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inputs, sent outputs, and actions taken by the controller 120 in a searchable
database. In addition, the controller 120 can comprise means for data backup
and restoration. In addition, the searchable database can include model
information, configuration information, and historical information and the
controller 120 can use the database component to backup and restore model
information and model configuration information both historical and current.
[0062] The controller 120 can comprise a web based user interface. For
example, the controller 120 can comprise a web enabled GUI component for
viewing the data in the database. The controller 120 can comprise a security
component that can provide for multiple levels of access depending on the
permissions granted by a security administrator. The controller 120 can
comprise a set of default models that are provided at installation time, so that
the controller can reset to default conditions.
[0063] The controller 120 can take various actions in response to an
exception, depending on the nature of the exception. The actions taken on
exception can be based on the business rules established for the context
specified by the system recipe, process recipe, module type, module
identification number, load port number, cassette number, lot number, control
job ID, process job ID and/or slot number.
[0064] The controller 120 has the capability of managing multiple process
_models that are executed at the same time and are subject to different sets of
process recipe constraints. The controller 120 can run in three different
modes: simulation mode, test mode, and standard mode. The controller 120
can operate in simulation mode in parallel with the actual process mode.
[0065] When two different recipes may be performed by the same physical
module (PM), and if virtual modules are not used, the data associated with the
first pass through the physical module can become confused with the data
associated with the second pass through the physical module. If virtual
modules are not used, the controller 120 and/or a host controller may over-
write the data from the first pass through a module with the data from the
second pass through the module.
[0066] In one embodiment, a naming convention such as (VM,) can be used.
For example, the first virtual module can be identified as VM, and the n(th)

virtual module can be identified as VM,. Alternately, other naming
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conventions can be used, such as module(xx) or (MODxx). For example,
virtual module data can be stored in a database using the virtual module
name as an index item.

[0067] In another embodiment, the host system can comprise one or more
external measurement modules, such as a CD SEM module or transmission
electron microscopy (TEM) module, and virtual modules can be used to
establish process sequences that include visits to external measurement
modules and to establish a naming convention for data files associated with
external measurement modules. The host level controller and/or the R2R
controller can use the data files associated with the external measurement
module. In addition, different external measurement modules can be used to
perform different recipes. Virtual modules can be used to allow tool level
and/or system level controllers to schedule external measurement module
usage to maximize external measurement module utilization and minimize the
throughput time. |

[0068] In addition, virtual modules can be used when processing system
controllers execute simulation models. The results from simulation model
executions can be stored and tracked using virtual modules.

[0069] In one case, the host can provide a routing sequence that instructs
the controller 120 to use one or more virtual modules. The host can provide
the naming convention to use when data is stored and/or passed between the
controller and the host. The host can assign virtual module names to one or
more of the process steps in the process sequence. The controller 120 can
create a process job for each virtual module and associate a physical module
(PM) with each virtual module (VM). In another case, the host can allow a
lower level controller to create virtual modules. As processing tools become
more complex tool level and/or system level controllers may be used to
determine which processing and/or measurement modules to use based on
maximizing resource utilization and minimizing throughput time. Virtual
modules can be used to allow tool level and/or system level controllers to
schedule physical module usage to maximize process module utilization and
minimize the throughput time.

[0070] The controller 120 can create a process job for each virtual module

and associate a physical with each virtual module (VM).
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[0071] When the semiconductor processing system 100 includes a host
system and one or more processing systems, the host system can operate as
the master system and can control and/or monitor a major portion of the
processing operations. The host system can create a static virtual module
plan (SVMP) that includes a process sequence, and can send the SVMP to
the processing system. In one embodiment, the process sequence can
comprise a sequence of virtual module (VM) objects.

[0072] FIG. 2 shows a simplified block diagram of a factory integration
configuration, in accordance with an embodiment of the invention. In the
illustrated embodiment, a factory system is shown coupled to a processing
system. One processing system contemplated for use with the invention is
the TELIUS ™ processing system offerd by Tokyo Electron Limited. As would
be appreciated by those skilled in the art, however, other processing systems
may be employed without departing from the scope of the invention.

[0073] As illustrated, the factory system is the MES 130, which includes,
inter alia, advanced process control (APC) capabilities, data collection
strategies (DCS), fitness distance correlation modules (FDC), and diagnostic
systems E1. In the example shown, the MES 130 factory system
communicates and exchanges information with the TELIUS™ processing
system via E diagnostic links.

[0074] FIG. 3 shows a simplified block diagram of an integrated processing
system, in accordance with an embodiment of the invention. In the illustrated
embodiment, a processing system, such as the TELIUS™ processing
system, is shown which comprises a processing tool, an integrated metrology
module (IMM), and a tool level Advanced Process Control (APC) controller.
[0075] FIG. 4 shows a simplified diagram for an integrated measurement
process, in accordance with an embodiment of the invention. In the illustrated
embodiment, the Integrated Metrology (IM) process is based on Optical Digital
Profilometry (ODP) techniques. For example, spectra data are collected on a
processed (e.g., etched and/or timmed) wafer and matched to simulated
spectra in ODP Library. The matched spectra correspond to a profile with
CD, film thickness and sidewall polymer information. The metrology data can

be reported to processing system and/or the host system.
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[0076] FIG. 5 shows a simplified flow diagram of a multi-step process
sequence, in accordance with an embodiment of the invention. In the
illustrated embodiment, a number of measurement steps are shown and a
number of processing éteps (e.g., resist trim, etch, cor trim, etc.), as well as
feedback and feedforward control capabilities are shown. One or more virtual
module objects can be created for each measurement step and each
processing step shown. This is not required for the invention. Alternate
process sequences can be used, and a different number of virtual module
objects can be used.

[0077] FIG. 6 shows a simplified block diagram of a control process, in
accordance with an embodiment of the invention. In the illustrated
embodiment, a simplified block diagram of a control plan is shown. Virtual
module control plans and/or strategies can be created and mapped to
physical modules.

[0078] FIG. 7 shows an exemplary relationship diagram for physical
modules, in accordance with an embodiment of the invention. In the
illustrated embodiment, six physical modules are shown and the six physical
modules include four processing modules (PM1-PM4) and two measurement
modules (IMM1 and IMM2). This is not required for the invention. As in
alternate embodiments, the number of physical modules and their
arrangement can be different.

[0079] An exemplary routing or process sequence is also shown, but this is
not required for the invention. In an alternate embodiment, a different
sequence can be used. For example, a virtual module can be used for each
routing step.

[0080] FIG. 8 provides a flow diagram for a method of operating a
processing system controller, in accordance with an embodiment of the
invention. In the illustrated embodiment, a wafer-based procedure 800 is
shown, but this is not required for the invention. That is, the procedure may
be a lot-based or a batch-based procedure. Procedure 800 starts in task 810,
and a start event can be, for example,a host event, a wafer-in event, a lot-
start event, a batch start event, or an end event from another process.
[0081] The processing system can comprise processing modules and

measurement modules. The processing module may comprise an etch
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module, a deposition module, a chemical oxide removal (COR) module, a
heating module, a transfer module, a cooling module, a development module,
or a combination of two or more processing modules thereof. The
measurement modules can include an optical measurement module, an
optical digital profile (ODP) module, a SEM module, a TEM module, or
combination of two or more measurement modules thereof. A

[0082] In task 820, the processing system controller receives a static virtual
module plan (SVMP) for a wafer from a host system. The SVMP may
comprise a set of instructions for the processing system to use in order to
process one or more wafers. When a SVMP is used, the host system acts as
the master controller.

[0083] The SVMP may also comprise a desired process result for the wafer
that can be determined by the host system. The desired process result may
include a trim amount, an etch amount, a deposition amount, or a combination
of two or more thereof.

[0084] Moreover, the SVMP can comprise an actual number of passes (Nac)
through a physical module that the wafer can use to achieve the desired
process result, a maximum number of passes (Nmax) through a physical
module that the wafer can use to achieve the desired process result, and a
number of non-visits (Nnon) to @ physical module. The SVMP may comprise a
process recipe for each physical module.

[0085] Furthermore, the SVMP can comprise a multi-visit plan in which the
plan can be used when different wafers make a different number of visits to a
processing module. The multi-visit plan can be wafer-dependent, that is,
some wafers will require multiple visits to a processing module while other
wafers may require a single or no visit to a processing module.

[0086] In one embodiment, the multi-visit plan can be determined by the host
controller and sent to the R2R controller. In an alternate embodiment,
another controller, such as a R2R controller, can be used to create and/or
modify a multi-visit plan.

[0087] Additionally, the SVMP can comprise a sampling plan in which the
sampling plan can be used when different wafers make a different number of
visits to a measurement module. The sampling plan can also be used to

determine when pre-process and post-process measurements are made.
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Like the multi-visit plan, the sampling plan can be wafer-dependent where
some wafers require multiple visits to a measurement module while other
wafers may require a single or no visit to a measurement module.

[0088] In one embodiment, the sampling plan can be determined by the host
controller and sent to the R2R controller. In an alternate embodiment,
another controller, such as a R2R controller, can be used to create and/or
modify a sampling plan.

[0089] The SVMP can require a wafer to visit a physical module X number of
times, where X is an integer that is equal to or greater than zero, and the
SVMP can require the wafer to skip a physical module Y number of times,
where Y is an integer that is equal to or greater than zero. The process
sequence can comprise N virtual modules, where (N = Xyax + Ymax), and Xwuax
is the maximum number of visits and Ywuax is the maximum number of non-

visits (skipped visits).

Table 1

ProcessSeq. # | 1| 2| 3| 4|5|6| 7|8
Virtual Module | Physical Module
VM4 IMO1(1) X X[ XX |XIX[XiX
VM, PMO1(1) XXX [ X|[X[|X[X]|X
VM3 PMO01(2) X I X[ X | XX
VM4 IM01(2) XXX [X[X[X][|X
VMs PM02(1) XXX |X X | X
VMg PMO02(2) X1X | X
VM-, IM01(3) X | X X
VMg IM02(1) X

[0090] Table 1, depicted above, shows a number of different exemplary
process sequences for eight virtual modules. In this example, the maximum

number of visits to a first measurement module (IM01) is equal to three, the
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maximum number of visits to a second measurement module (IM02) is equal
to one, the maximum number of visits to a first processing module (PM01) is
equal to two, and the maximum number of visits to a second processing
module (PM02) is equal to two. In alternate embodiments, the number of
processing modules may be different, the number of measurement modules
may be different, and the maximum number of visits may be different.

[0091] In process sequence #1, the actual number of visits a wafer can
make to the first measurement module is equal to the maximum number
allowable in this example. Similarly, the actual number of visits the wafer can
make to the second measurement module is equal to the maximum number
allowable in this example. Moreover, the actual number of visits the wafer
can make to the first processing module is equal to the maximum number
allowable in this example. Similarly, the actual number of visits the wafer can
make to the second processing module is equal to the maximum number
allowable in this example. This is not required for the invention. The process
sequences shown can be applicable to one or more wafers.

[0092] In the first process sequence, the first virtual module VM object can
be associated with the first visit to a first measurement module IM01(1); the
second virtual module VM, object can be associated with the first visit to a first
processing module PM01(1); the third virtual module VM3 object can be
associated with the second visit to the first processing module PM01(2); the
fourth virtual module VM, object can be associated with the second visit to the
first measurement module IM01(2); the fifth virtual module VMs object can be
associated with the first visit to a second processing module PM02(1); the
sixth virtual module VMg object can be associated with the second visit to the
second processing module PM02(2); the seventh virtual module VM7 object
can be associated with the third visit to the first measurement module
IMO1(3); and the eighth virtual module VMg object can be associated with a
first visit to a second measurement module IM02(1).

[0093] As discussed above regarding the SVMP, a wafer can make one or
more visits (e.g., multi-visit plan) to a physical module, and a wafer can skip
one or more visits (e.g., sampling plan) to a physical module.

[0094] The first exemplary process sequence can occurred when the desired

process result requires three visits to a first measurement module, two visits
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to a first processing module, two visits to a second processing module, and
one visit to a second measurement module. The other process sequences
can occur when the desired process result can be achieved with different
combinations of process steps. Multiple visits to a processing module can be
required when a desired process result cannot be achieved in a single pass
through a processing module or set of processing modules. For example, a
required etch amount, a required trim amount, or a required deposition
amount may be larger than the amount that can be achieved by a single pass
through a processing module. Multiple visits to a measurement module can
occur when pre-procesé and/or post-process measurements are required.
[0095] Table 1 also illustrates examples of some other process sequences
that may occur when the actual number of visits a wafer makes to a physical
module is less than the maximum number allowable. The actual number of
visits to a processing module can be equal to or greater than zero. For
example, when a process, such as a trimming process or an etching process,
is not required, the actual number of visits to a processing module can be
zero. In addition, the actual number of visits to a measurement module can
be equal to or greater than zero. For example, when a measurement
process, such as a processing tool related measurement process or a host
system related measurement process is not required, the actual number of
visits to a measurement module can be zero.

[0096] In the second process sequence, the eighth virtual module VMg can
be associated with the non-visit (skipped visit) to the second measurement
module (IM02). In a process sequence that includes virtual module objects, a
wafer is allowed to skip one or more visits to a physical module, and a
“placeholder” virtual module can be established. When virtual modules are
used as placeholders, a minimum amount of data is generated. For example,
the database can comprise a virtual module name and a “null” identifier.
[0097] When a different number of visits to a physical may be required to
achieve a desired process result for different wafers, the SVMP can be
configured to use virtual modules to represent the different number of visits to
the physical module. The number of virtual module objects required in a

process sequence can be equal to the maximum number of visits required to
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one or more physical module. In an alternate embodiment, a multiple visit
plan or a sampling plan may be used. '

[0098] A visited virtual module (VVM) object can represent a single pass
through (visit) a physical module. The maximum number of VVM objects is
equal to the maximum number of passes through a physical module. In this
case, the actual number of VVM objects is equal to the actual number of
passes through one or more visited physical modules. VVM data, such as
event data and measurement data, can be sent to the host system for the
VVM objects.

[0099] A non-visited virtual module (NVVM) object can represent a non-visit
(skipped visit) to a physical module. The maximum number of NVVM objects
is equal to the maximum number of non-visits to a physical module. In this
case, the actual number of NVVM objects is equal to the actual number of
non-visits to one or more non-visited physical modules. NVVM data, such as
event data and placeholder data can be uploaded to the host system for the
NVVM objects. '

Table 2
Wafer # 1 2 3 4 5 6 7 8
Virtual | Physical
Module | Module
VM IMO1(1) | VWMs | VWM; | VWM | WMy | VWM WMy | VWM | WM,
VMz PMO1(1) [ VWMz | VWM, | VWM: | VWM VWM | VWM | NVWM; | VWM,

VM; PMO1(2) | VWMs | WMs | VWM: | VWM; | VWM, NVVM; | NVWM; | NVVM,

VM4 IMO1(2) | VWMs | VWMs | VWMs | NVVM; | WMy | VWMs | NVWM;s | NVVM;
VMs PMO02(1) | VWMs | VWMs | VWMs | VWMq4 NVVM; [ WMy | VWM NVVM;
VMs PM02(2) | VWMs | VWMs | VWMs | NVVM2 | NVVMz | NVVM: | NVVM4 | NVVM4
VM IMO1(3) | VWM7 | VWM; | NVWWMy | VWMs | VWMs | NVWMs | NVVMs | NVVMs
VMs IMO2(1) | VVMs | NVWM; | NVWMz | NVWWM3 | VWMs | NVWMy | NVVMg | NVVMs

[00100] Table 2, illustrated above, shows the visited virtual module (VVM)
objects and non-visited virtual module (NVVM) objects associated with the
process sequences shown in Table 1. In this example, the maximum number
of visits to a first measurement module (IM01) is equal to three, the maximum
number of visits to a second measurement module (IM02) is equal to one, the
maximum number of visits to a first processing module (PM01) is equal to

two, and the maximum number of visits to a second processing module
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(PMO02) is equal to two. The exemplary process sequence has a length equal
to eight (e.g., 3+ 1+ 2 + 2 =8). In alternate embodiments, the number of
processing modules may be different, the number of measurement modules
may be different, and the maximum number of visits may be different.
[00101] Inthe example represented in Table 2, the actual nhumber of visited
virtual module (VVM) objects associated with wafer #1 is equal to the actual
number of visits wafer #1 makes to the first measurement module plus the
actual number of visits wafer #1 makes to the second measurement module
plus the actual number of visits wafer #1 makes to the first processing module
plus the actual number of visits wafer #1 makes to the second processing
module in this example. This is not required for the invention. The process
sequence shown for wafer #1 can be applicable to one or more wafers.
[00102] Table 2 also illustrates examples of other process sequences that
may occur when the actual number of visits a wafer makes to a module is less
than the maximum number allowable. The number of non-visits can be equal
to the maximum number of visits minus the actual number of visits to a
physical module, and the number of non-visited virtual module (NVVM)
objects can be equal to the maximum number of visits minus the actual
number of visits to a physical module. For example, when a physical process
is not required, the actual number of non-visits to a physical module can be
equal to the maximum number of allowable visits.

[00103] In this example, the number of VVM objects associated with a wafer
is equal to the actual number of visits the wafer makes to a physical module,
and the number of NVVM objects associated with a wafer is equal to the
actual number of non-visits the wafer makes to a physical module.

[00104] In one embodiment, a measurement module can be controlled using
a sample plan that is wafer-dependent and determined by the Process Job.
With a sample plan, the system recipe can be configured with a wafer route
with the maximum number of measurement module visits needed and then
use the same system recipe for different measurement module samplings.
Measurement module data can be sent to a Control Plan or a Feedback Plan.
[00105] Returning to Fig. 8, wafer-based procedure 800 executes the process
sequence in task 830. It will be appreciated that one or more processing

system controllers, such as a R2R controller, can be used to execute the
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process sequence. In one embodiment, the process sequence comprises N
virtual module objects and can be written as (VM1, VM, - VMy). The process
sequence can include a first number of VVM objects and a second number of
NVVM objects.

[00106] The processing system controller can contain a number of APC
Recipes (Control Strategies) for controlling the operation of the system, a
Control Strategy can be associated with a system recipe. Control Strategies
can contain Control Plans, and a physical module under control can have at
least one Control Plan defined for a visit to the physical module. Control
Plans may contain models, limits, targets, and can cover multiple process
steps within a module. In one embodiment, a virtual control strategy and/or
plan can be established and mapped to a physical module. Control strategies
and/or plans can be established when a Process Job (PJ) is received and/or
created.

[00107] The processing system controller can additionally execute a visited
virtual module (VVM) data collection (DC) strategy, the VVM data collection
(DC) strategy comprising at least one visited virtual module (VVM) data
collection (DC) plan. The VVM DC strategy selection and initiation can also
be context-based. When a VVM DC strategy is executed, VVM data can be
collected for a wafer that is being processed in a physical module.

[00108] A DC plan determines which data is collected, how the data is
collected, and where the data is stored. The process system controller can
auto-generate data collection plans for virtual modules. Typically, one data
collection plan can be active at a time for a specific module, and the controller
can select and use a data collection plan that matches the wafer context.
Data can include trace data, process log information, recipe data,
maintenance counter data, OES data, VIP data, or analog data, or a
combination of two or more thereof. Measurement devices and/or sensors
can be started and stopped by a DC pian. A DC plan can also provide
information for trimming data, clipping data, and dealing with spike data and
outliers.

[00109] Furthermore, the processing system controller can execute a visited
virtual module (VVM) analysis strategy when a VVM object in the process

sequence is executed. The VVM analysis strategy can comprise a visited
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virtual module (VVM) analysis plan, or a visited virtual module (VVM)
judgment plan, or a combination thereof. When a VVM analysis strategy is
executed, wafer data, process data, and/or module data can be analyzed, and
fault conditions can be identified.

[00110] For example, after the data has been collected, the data can be sent
to a Statistical Process Control (SPC) program for run-rule evaluation. SPC
limits can be calculated automatically based on historical data or entered
manually based on the customer’s experience or process knowledge, or
obtained from a host computer. SPC charts can be automatically generated
by the controller for the virtual modules.

[00111] The data can be compared with the warning and control limits, and
when a run-rule is violated, an SPC alarm can be generated that indicates the
process has exceeded statistical limits. When an alarm is generated, the
process system controller can perform either notification or intervention.
Notification can be via e-mail or by an e-mail activated pager. In addition, the
process system controller can intervene by either pausing the process at the
end of the current lot or pausing the process at the end of the current wafer.
The process system controller can identify the virtual module that caused the
alarm to be generated.

[00112] In one embodiment, the processing system controller can determine
a process recipe for each VVM object in the process sequence. Alternately,
process recipes can be determined, sent, and/or verified by the host system.
[00113] The processing system controller can also execute a non-visited
virtual module (NVVM) control strategy when a virtual module in the process
sequence is associated with a non-visit to a physical module. The non-visited
virtual module (NVVM) control strategy can comprise one or more non-visited
virtual module (NVVM) control plans. A non-visited virtual module (NVVM)
data collection (DC) strategy can also be executed, and the NVVM data
collection (DC) strategy can comprise one or more non-visited virtual module
(NVVM) data collection (DC) plans for collecting NVVM data.

[00114] When a NVVM control strategy is executed, a wafer is not processed
in a physical module. When a NVVM DC strategy is executed, NVVM data

can be collected for a wafer.
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[00115] In one embodiment, a processing system controller can be used to
determine a “null” recipe for each NVVM object in the process sequence. For
example, a “null” recipe can be used to move a wafer into a physical module
as a “holding” type of operation. Alternately, a “null” recipe can be used to
move a wafer to a temporary storage point, such as a transfer module, a
loading module, a storing module, a heating module, or a cooling module.
[00116] When a NVVM object is executed, the process system controller can
create a data file having a minimum amount of data. A NVVM object can
occur when a wafer does not require one or more processing steps in one of
the physical modules. A process system controller can leave the wafer in its
current location or move it to a holding location during the execution of a
NVVM object. Alternately, a “null” recipe can be used to move a wafer to a
temporary storage point, such as a transfer module, a loading module, a
storing module, a heating module, or a cooling module.

[00117] When virtual modules are used as placeholders, a minimum amount
of data is generated. For example, the data file can comprise a virtual module
name and a “null” identifier.

[00118] In task 840, a wafer-based procedure 800 collects the data. In
particular, a processing system controller can collect visited virtual module
(VVM) data when a virtual module object in the process sequence is
associated with an actual pass through a physical module. Also, a processing
system controller can collect non-visited virtual module (NVVM) data when a
virtual module in the process sequence is associated with a non-visit to a
physical module. The VVM data and the NVVM data can be stored in a
database associated with the processing system.

[00119] In one embodiment, a processing system controller can send the
visited virtual module (VVM) data, or the non-visited virtual module (NVVM)
data, or a combination thereof to the host system. In addition, the VVM data
and the NVVM data can be stored in a database associated with the host
system.

[00120] After the VVM and NVVM data are collected, procedure 800 may
issue a query as indicated by task 850, to determine whether another wafer
requires processing. If so, procedure 800 branches back to task 830 to

continue the process sequence as shown in FIG. 8. When another wafer
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does not require processing, procedure 800 branches to task to terminate the
procedure.

[00121] FIG. 9 shows a flow diagram for a method of operating a host system
controller, in accordance with another embodiment of the invention. In the
illustrated embodiment, a wafer-based procedure 900 is shown, but this is not
required for the invention. Alternately, the procedure can be lot-based or
batch-based. Procedure 900 starts in task 910 where, for example, a start
event can be a wafer-in event, a lot-start eveht, or a batch start event, or an
end event from another process.

[00122] In task 920, the host controller determines a required process
sequence using the desired process result for a wafer. Upon determining the
process sequence, the host controller, in task 930,can create a static virtual
module plan (SVMP). The SVMP may comprise the process sequence,
process sequence length (N), the number of VVM objects (Nact), the number
of NVVM objects (Nnon), the maximum number of passes (Nmax) through each
physical module, or a combination of two or more thereof.

[00123] The host controller can determine an actual number of passes (Nact)
through a physical module the wafer actually uses to achieve the desired
process result, and can establish a VVM object for each actual pass the wafer
makes through a physical module. In addition, the host controller can
determine an actual number of non-visits (N4 to a physical module the wafer
actually uses to achieve the desired process result, and can establish a
NVVM object for each non-visit (skipped visit) associated with a wafer. The
host controller can also determine a maximum number of passes (Nmax)
through each physical module a wafer can use to achieve the desired process
result. In addition, the host controller can determine a process sequence
length (N) for the wafer, wherein the process sequence length (N) is equal to
a sum of the maximum number of visits and non-visits associated with each
physical module. Moreover, a host controller can determine a number of
visits (Nagt) to the physical modules associated with the wafer, where (Naq) is
an integer equal to or larger than zero, and can establish a visited virtual
module (VVM) object for each visit (Nac) to a physical module associated with
the wafer. In addition, the host controller can determine a number of non-
visits (Nnon) to the physical modules associated with the wafer, wherein (Nnpon =
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Nmax - Nact) and (Nnon) is an integer equal to or larger than zero, and can
establish a non-visited virtual module (NVVM) object for each non-visit (Nnon)
to a physical module associated with the wafer. In addition, the host controller
can determine a process sequence comprising (Nact) VVM objects, and (Nnon)
NVVM objects, and each VVM object in the process sequence can be
associated with an actual pass through a physical module, and each NVVM
object in the process sequence is associated with a non-visit to a physical
module.

[00124] After creating the SVMP, the host sends the SVMP to the processing
system, as indicated in task 940. Procedure 900 may terminate in task 950.
[00125] When the processing system executes the SVMP, the processing
system can exchange data with the host system. For example, the host
system can receive visited virtual module (VVM) data when the processing
system executes the process sequence and a VVM object is executed.
Additionally, the host system can receive non-visited virtual module (NVVM)
data when the processing system executes the process sequence and a
NVVM object is executed.

[00126] In one embodiment, a host controller can determine a proceés recipe
for each VVM object in the process sequence and can send the process
recipe for each VVM object in the process sequence to the processing
system. The host controller can determine a process recipe for each NVVM
object in the process sequence, and the host controller can send the process
recipe for each NVVM object in the process sequence to the processing
system.

[00127] The host controller can also determine the desired process result and
the desired process result can comprise a trim amount, an etch amount, or a
deposition amount, or a combination of two or more thereof.

[00128] When the semiconductor processing system includes a host system
and one or more processing systems, the host system and the processing
system can operate together to control and/or monitor the processing
operations. The processing system in concert with the host system can
create a dynamic virtual module plan (DVMP) that includes a process

sequence, and the processing system controller can send the DVMP to the
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host system. In one embodiment, the process sequence can comprise a
sequence of virtual module (VM) objects.

[00129] FIG. 10 shows a flow diagram for a method of operating a processing
system controller, in accordance with another embodiment of the invention. In
the illustrated embodiment, a wafer-based procedure 1000 is shown, but this
is not required for the invention. Alternately, the procedure can be lot-based
or batch-based. Procedure 1000 starts in task 1010. For example, a start
event can be a wafer-in event, a lot-start event, or a batch start event, or an
end event from another process.

[00130] In task 1020, a processing system controller may receive a desired
process result from the host system. The desired process result may
comprise a trim amount, an etch amount, or a deposition amount, or a
combination of two or more thereof.

[00131] In one embodiment, the processing system and the host system co-
operate to determine the correct process sequence to use to process a wafer.
For example, in a trimming process, such as a COR process, some of the
wafers may require no passes through the COR modules, some wafers may
require one pass through the COR modules, and other wafers may require
more than one pass through the COR modules. In this case, the host system
allows the processing system to determine the number of passes through the
COR modules and virtual modules. The number of passes can be
established to manage the different number of process objects in the process
sequences for the different wafers.

[00132] Based on the desired process results received from the host system,
the processing system controller creates a dynamic virtual module plan
(DVMP) for a wafer, as indicated in task 1030, using the received desired
result. In one embodiment, the DVMP may comprise the desired process
result for the wafer, an actual number of passes (Naqt) through a physical
module the wafer may use to achieve the desired process result, a maximum
number of passes (Nmax) through a physical module the wafermay use to
achieve the desired process result, a process sequence, and a process
sequence length (N) for the wafer. The process sequence length (N) may be
equal to the maximum number of passes (Nmax) through the physical module.

The process sequence may include Nyoq Virtual module objects, and a visited

=29 -



WO 2006/025945 PCT/US2005/023945

virtual module (VVM) object in the process sequence may be associated with
an actual pass through a physical module, and a non-visited virtual module
(NVVM) object may be associated with a non-visit to a physical module.
[00133] In task 1040, the processing system controller sends the DVMP to
the host system.

[00134] When the process sequence has been determined, the processing
system controller can execute the process sequence, and the process
sequence can comprise N virtual module objects and can include a VVM
object, or a NVVM object, or a combination thereof. Visited virtual moduie
(VVM) data can be collected when a VVM object in the process sequence is
executed, and non-visited virtual module (NVVM) data can be collected when
a NVVM object in the process sequence is executed. The processing system
controller can send the visited virtual module (VVM) data, or the non-visited
virtual module (NVVM) data, or a combination thereof to the host system. In
addition, the VVM data and/or the NVVM data can be stored in a database
associated with the processing system and/or the host system.

[00135] Procedure 1000 may terminate in task 1050.

[00136] The processing system controller can execute a visited virtual module
(VVM) control strategy when a VVM object in the process sequence is
executed. The VVM control strategy can include one or more visited virtual
module (VVM) control plans. The VVM control strategy selection and initiation
can be context-based. When a VVM control strategy is executed, a wafer can
be processed in a physical module.

[00137] In addition, the processing system controller can execute a visited
virtual module (VVM) data collection (DC) strategy, the VVM data collection
(DC) strategy comprising at least one visited virtual module (VVM) data
collection (DC) plan. The VVM DC strategy selection and initiation can also
be context-based. When a VVM DC strategy is executed, VVM data can be
collected for a wafer that is being processed in a physical module.

[00138] Furthermore, the processing system controller can execute a visited
virtual module (VVM) analysis strategy when a VVM object in the process
sequence is executed. The VVM analysis strategy can comprise a visited
virtual module (VVM) analysis plan, or a visited virtual module (VVM)

judgment plan, or a combination thereof. When a VWM analysis strategy is
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executed, wafer data, process data, and/or module data can be analyzed, and
fault conditions can be identified.

[00139] In one embodiment, the processing system controller can determine
a process recipe for each VVM object in the process sequence. Alternately,
process recipes can be determined, sent, and/or verified by the host system.
[00140] The processing system controller can also execute a non-visited
virtual module (NVVM) control strategy when a virtual module in the process
sequence is associated with a non-visit to a physical module. The non-visited
virtual module (NVVM) control strategy can comprise one or more non-visited
virtual module (NVVM) control plans. A non-visited virtual module (NVVM)
data collection (DC) strategy can also be executed, and the NVVM data
collection (DC) strategy can comprise one or more non-visited virtual module
(NVVM) data collection (DC) plans for collecting NVVM data.

[00141] When a NVVM control strategy is executed, a wafer is not processed
in a physical module. When a NVVM DC strategy is executed, NVVM data
can be collected for a wafer.

[00142] In one embodiment, a processing system controller can be used to
determine a “null” recipe for each NVVM object in the process sequence. For
example, a “null” recipe can be used to move a wafer into a physical module
as a “holding” type of operation. Alternately, a “null” recipe can be used to
move a wafer to a temporary storage point, such as a transfer module, a
loading module, a storing module, a heating module, or a cooling module.
[00143] In one embodiment, a processing system controller can receive a
process recipe for one or more virtual module objects in the process
sequence. For example, the host system may require a specific process
recipe to be performed by a physical module. In addition, the host system
may require a specific set of process steps for a “sampled” wafer. For
example, a wafer may be sent to an external measurement module.

[00144] The processing module can comprise an etch module, a deposition
module, a chemical oxide removal (COR) module, a heating module, a
transfer module, a cooling module, or a development module, or a
combination of two or more thereof. The measurement modules can include
an optical measurement module, an optical digital profile (ODP) module, a

SEM module, or a TEM module, or combination of two or more thereof.
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[00145] When the semiconductor processing system includes a host system
and one or more processing systems, the host system and the processing
system can operate together to control and/or monitor the processing
operations. The processing system in concert with the host system can
create a dynamic virtual module plan (DVMP) that includes a process
sequence. The processing system controller can send the DVMP to the host
system, and the host system can execute the DVMP. In one embodiment, the
process sequence can comprise a sequence of virtual module (VM) objects.
[00146] FIG. 11 shows a flow diagram for a method of operating a processing
system controller in accordance with another embodiment of the invention. In
the illustrated embodiment, a wafer-based procedure 1100 is shown, but this
is not required for the invention. Alternately, the procedure can be lot-based
or batch-based. Procedure 1100 starts in task 1110 where a start event can
be, for example, a wafer-in event, a lot-start event, or a batch start event, or
an end event from another process.

[00147] In task1120, a host controller receives a dynamic virtual module plan
(DVMP) from the processing system. The DVMP comprises a desired
process result for the wafer, an actual number of passes (Nac) through a
physical module the wafer can use to achieve the desired process result, a
maximum number of passes (Nmax) through a physical module the wafer can
use to achieve the desired process result, a process sequence, and a process
sequence length (N) for the wafer. The process sequence length (N) can be
equal to the maximum number of passes (Nmax) through the physical module.
The process sequence can have N virtual module objects. The process
sequence can include a visited virtual module (VVM) object for each virtual
module object in the process sequence associated with an actual pass
through a physical module, and can include a non-visited virtual module
(NVVM) object for each virtual module object in the process sequence
associated with a non-visit to a physical module.

[00148] Upon receiving the DVMP, the host controller executes the DVMP in
task 1130. In task 1140, procedure 1100 can end.

[00149] In one embodiment, the host controller can receive visited virtual
module (VVM) data when the processing system executes the process

sequence and a VVM object is executed and can receive non-visited virtual

-32-



WO 2006/025945 PCT/US2005/023945

module (NVVM) data when the processing system executes the process
sequence and a NVVM object is executed.

[00150] The host controller can determine and/or verify a process recipe for at
least one visited virtual module (VVM) object in the process sequence, and
can send a the process recipe for one or more visited virtual module (VVM)
objects in the process sequence to a database.

[00151] The host controller can determine and/or verify a process recipe for at
least one non-visited virtual module (NVVM) object in the process sequence,
and can send a the process recipe for one or more non-visited virtual module
(NVVM) objects in the process sequence to a database.

[00152] In one embodiment, a visited virtual module (VVM) data object can be
established for each actual pass the wafer makes through the physical
module; a non-visited virtual module (NVVM) data object can be established
for each non-visit (Nnon) to the physical module associated with the wafer.
[00153] When the semiconductor processing system includes a host system
and one or more processing systems, the host system can operate as the
master system and can control and/or monitor a major portion of the
processing operations. The host system can create a static virtual module
plan (SVMP) that includes a process sequence, and can send the SVMP to
the processing system. In one embodiment, the process sequence can
comprise a sequence of physical module (PM) and virtual module (VM)
objects. _

[00154] A SVMP and/or DVMP can be wafer dependent, that is some wafers
will require multiple visits to a physical module; other wafers will require a
single visit to a physical module; and still other wafers will require zero visits
to a physical module.

[00155] FIG. 12 illustrates an exemplary view of a virtual module (VM) Control
Strategy Screen, in accordance with an embodiment of the invention. AVM
Control Strategy Screen can comprise a number of configuration items. The
Strategy Name field can be used enter/edit a VM Control Strategy name. A
Description field can be used to enter/edit a VM Control Strategy Description.
The mode field can be used to enter/edit a mode for the VM Control Strategy.
For example, modes can include a standard mode and a simulation mode.

An Enabled box can be used enable or disable a VM Control Strategy
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[00156] A Load Port field can be used to obtain a list of load port information
from the processing tool. A Load Port Update Button can be used as a
refresh function, and can be used to obtain the current load port information
from the processing tool.

[00157] A System Recipe field can be used to obtain a list of system recipes
from the processing tool. A System Recipe Update button can be used as a
refresh function, and can be used to obtain the current recipe information from
the processing tool. For example, the system recipe name can be used to
trigger the VM control strategy by matching one or more context items such
as the system recipe name.

[00158] A Transfer Route field can be used to obtain the transfer route for
selected load port and system recipe from the pfocessing tool. A Transfer
Route Update button can be used as a refresh function, and can be used to
obtain the current recipe information from the processing tool.

[00159] A Transfer Route field can be used to obtain the transfer route for
selected load port and system recipe from the processing tool. For example,
a transfer route can be used to determine when a wafer is transferred into an
integrated metrology module (IMM), and when a wafer is being processed in a
process module (PMxx). A Description field can be used to provide a
description for the VM model.

[00160] The transfer route can show that the wafers go to an IM module for a
pre-process measurement and post process measurements. During a VM
process, one or more integrated metrology modules (IMM) can be used. In
the illustrated embodiment, the transfer route shows a six-step process
(IMM1-PM01-IMM1-PM02-LLM2-IMM1), but this is not required for the
invention. In alternate embodiments, different transfer routes may be used,
and different modules may be used. Alternately, virtual module names may
be shown.

[00161] The Metrology Data Failure field can be used to enter/edit the
metrology data failure action from the following options: Use Tool Process
Recipe (Nominal Recipe) —- the software sends the indication to the process
tool and the process tool uses the tool process recipe. Do Not Use Process
Recipe (“null” Recipe) — The software sends the “null” recipe information

associated with the wafer to the process tool and the wafer goes in and out of
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the chamber without being processed. PM Pause — Pauses the process
module, and System Pause - Pauses the system including transfer system.
[00162] The Control Failure field can be used to enter/edit the Control Failure
option from the following options: Use Tool Process Recipe (Nominal Recipe)
— the software sends the indication to the process tool and the process tool
uses the tool process recipe. Do Not Use Process Recipe (“null” Recipe) -
The software sends the “null” recipe information associated with the wafer to
the process tool and the wafer goes in and out of the chamber without being
processed. PM Pause — Pauses the process module, and System Pause -
Pauses the system including transfer system.

[00163] A tool level and/or system level controller can detect control failures.
If control failure occurs, the system can be configured to use the tool process
recipe (nominal recipe), use the “null” recipe, or to stop the VM process, or to
pause the process module, or to pause the entire system.

[00164] In addition, a number of Usage Context Specification fields can be
used to provide additional context matching items when these additional
context items are required. A LotID(s) field can be used to enter/edit the lot
identifiers; a Wafer ID(s) field can be used to enter/edit the wafer identifiers; a
CJID(s) field can be used to enter/edit the control job identifiers; a PJID(s)
field can be used to enter/edit the process job identifiers; a Cassette 1D(s)
field can be used to enter/edit the cassette identifiers; a Carrier ID(s) field can
be used to enter/edit the carrier identifiers; a Slot(s) field can be used to
enter/edit the slot numbers; a Substrate ID(s) field can be used to enter/edit
the substrate identifiers; a Wafer Type(s) field can be used to enter/edit the wafer types;
time.

[00165] As shown in FIG. 12, a VM Control Strategy can comprise one or
more VM control plans. Using a Control Strategy Screen, a user can perform
a VM Control Strategy configuration, view an existing VM Control Strategy,
create a new VM Control Strategy, copy an existing VM Control Strategy, edit
an existing VM Control Strategy, delete an existing VM Control Strategy, and ’
test a VM Control Strategy. For example, a dropdown list can be used to
select a course of action.

[00166] FIG. 13 illustrates an exemplary view of Control Plan Editor Screen in

accordance with an embodiment of the invention. In FIG 13, a VM Control
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Plan screen is shown for a control plan for managing a virtual module that can
comprise a process module (PMO01). Alternately, other modules can be used,
such as other process modules (PMxx) and measurement modules (IMyy).
[00167] To create a VM Control Plan, a user can select the plan name item
and select a new Control Plan or an existing plan or model. For example, on
a VM Control Strategy screen, a drop-down menu can appear and the Add
Plan selection can be chosen.

[00168] A VM Control Plan screen can comprise a number of fields. The Plan
Name field can be used to enter/edit a name for a VM control plan. A Module
field can be used to enter/edit a module name. For example, if the plan is
associated with a strategy, the module field may be automatically filled in. If
the plan is unassociated, the module field can be used to select a process
module or a measurement module. The Recipe field can be used to enter/edit
a recipe. For example, if the plan is associated with a strategy, the recipe
field may be automatically filled in. If the plan is unassociated, the field can
be used to select a process recipe for a process module or a measurement
recipe for a measurement module.

[00169] The Description field can be used to enter/edit a description for the
plan. The Updated field displays the last time the plan was changed.

[00170] The Data Sources table can be used to enter/edit a data source. For
example, a VM Plan Data Source screen may be opened. The Data source
table can include a source type, a data source description, and a data source
parameter/value. For example, the selected source type determines the
options displayed on the Data Source screen; a “Telius ODP" type can be
used to define integrated metrology module data sources that are part of the
processing tool; a “Desired Output” type allows the user to enter a fixed unit
for the controller; a “Feedback Offset” type allows the user to define a
persistent feedback variable; a “Control Plan Value” allows the user to create
a variable that references the results of a different control plan (creates
nested plans); the “Integrated Metrology Site Filtering” type creates tables
with descriptions of each option when each data source is selected; and a
“Contextitem” type allows a user to create a variable that references a context

item, such as a Slot_Id, a Wafer_id, or a wafer number.
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[00171] The symbol can be selected from the Symbol drop-down list, and a
source type can be selected from the Data Source Type drop-down menu.
For example, the data source information fields can vary depending on the
chosen data source.

[00172] One input data source (d1) is shown, but this is not required. A
different number of input data sources can be used, and each input data
source can have a different symbol value. For example, one data source can
be an ODP tool, and it can be part of the processing tool, such as a Telius. In
addition, another data source can be a SEM, and the Parameter/Value can be
actual measured data such as a CD-SEM data.

[00173] In general, process control can include updating a process module
recipe using metrology information measured on the wafer prior to its arrival in
the process module. The controller can use the pre-processing data to
determine how many visits are required to the various physical modules. The
desired process result can be a “y” value in a model equation. The task is
determine when the desired process result “y” is the correct value.

[00174] In the target calculation field, on a VM Control Plan screen, the target
calculation can be entered. For example, the target Calculation can be set
equal to the data source item. Alternately, an equation may be entered that
correlates one set of data with another set of data. In addition, target
calculation may comprise an additional compensation term. For example, the
additional compensation factor can be used to correct for errors introduced in
another step, such as a gate stack etch step. A new target value can be a
variable that is calculated at or before run time, and an equation can be used
to calculate the target value.

[00175] In addition, new lower and upper limit values can be used, and these
values can be entered in the lower limit field and upper limit field. For
example, the new lower and upper limit values can be constants or variables
that are calculated at or before run time, and equations can be used to
calculate the new lower and upper limit values.

[00176] The Model Selections field can be used to edit/enter a static model
and/or a formula model. For example, under the model type selection item, a
selection item in the table can be used to enter and/or edit a model type. A
drop down list can be activated from the table item and a selection can be
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made from the drop down list. One option in the drop down list allows a new
model to be created; other options can be used to display and select existing
models to use or to modify. Each model type can have a module name,
target value, lower limit, upper limit, and recipe output associated with it.
When creating a new model, a new model type can be used and entered in
the model type field, and a new model name can be used and entered in the
model name field.

[00177] The Predicted Result Calculation field can be used to enter a new
predicted result value or select an existing predicted result value. The
predicted result value can be an equation for the expected result. For
example, a Control Plan can be saved when Name, Target Calculation, and
Model Selection information is entered.

[00178] The # field comprises a number of the model in the list of models.
The model type allows either a Static or a Formula model to be selected. The
Model Name field lists the names of available models. For example, to create
a new model, a “New Static Recipe” option or a “New Formula Recipe” option
can be selected from a drop down list. A static control plan can be created
that comprises one or more static recipes. For example, ten or more static
models can be shown. The static models are shown with the same target
value (1), but this is not required. A different number of static and/or formula
models can be used, and each model can have a different target value. A
new target value can be calculated when each static recipe is used. As
shown in FIG. 13, the static recipe models can have different operating
ranges as defined by the lower limit values and the upper limit values. In
addition, the static recipe models can have different static recipe outputs, and
a different static recipe output can be determined for each static recipe.
[00179] The virtual module control plan can include a static model recipe, or a
formula model recipe, or a combination thereof. The controller can auto-
generate control plans for virtual modules. A process recipe can comprise
one or more processes each comprising one or more processing steps. The
process recipe can be performed in a single chamber or multiple chambers.
The process recipe can be configured using at least one of a nominal recipe,

a static recipe, and a formula model.
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[00180] A static recipe can be a single set of recipe adjustments that are used
to achieve a specific process result. A set of static recipes can be used to set
up a table-based controller, or static recipes can be used along with formula
models to treat ranges of the desired output where the same recipe should be
used. When using feedback with static recipes, a single predicted process
result can be specified in the control plan for each static recipe used. A
formula model can comprise a pre-model adjustment, a model equation, a
series of post model adjustments, and a recipe parameter assignment map.
The pre-model adjustment can allow the re-expression of the desired process
result (usually t1) into the correct units that are used in a model equation
(resulting in a value of y), and the model equation can be an expression that
calculates the predicted process result as a function of one manipulated
variable (x). When the model is executed, it will solve for x given the re-
expressed desired process result (y). Once x is determined, the post model
adjustments can be calculated, and their values will be assigned to the
appropriate recipe parameters specified in the recipe parameter map.

[00181] In addition, one or more process models can be provided. A process
model can be used to define a process space. A process model represents
the verified relationship between the desired results (outputs) and the
received variables needed to achieve those results. Process models can
include equations that can include formula-based models. Formula-based
models can comprise equations that contain the piecewise associations of
desired results with recipe variables based on some evaluated experimental
data. A process model can be linear or non-linear. A process model can be
used to verify a new process recipe, and update an existing process recipe.
[00182] Although only certain embodiments of this invention have been
described in detail above, those skilled in the art will readily appreciate that
many modifications are possible in the embodiments without materially
departing from the novel teachings and advantages of this invention.
Accordingly, all such modifications are intended to be included within the

scope of this invention.
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What is claimed is:

1. A method of operating a processing system controller in a
semiconductor processing system including a host system and a processing
system, the method comprising:

~ receiving a static virtual module plan that comprises a desired process
result for at least one wafer, a process sequence for at least one wafer, the
process sequence comprising a plurality of virtual module objects, wherein the
plurality of virtual module objects comprise visited virtual module objects
associated with a visit by a wafer to a physical module, and/or non-visited
virtual module objects, associated with a non-visit by a wafer to a physical
module;

executing the process sequence;

collecting visited virtual module data when a visited virtual module
object in the process sequence is executed; and

collecting non-visited virtual module data when a non-visited virtual

module object in the process sequence is executed.

2. The method of claim 1, further comprising:
sending the visited virtual module data and the non-visited virtual

module data to the host system.

3. The method claim 1, further comprising:

executing a visited virtual module control strategy when a visited virtual
module object in the process sequence is executed, wherein the visited virtual
module control strategy comprises one or more visited virtual module control
plans; and

executing a visited virtual module data collection strategy, wherein the
visited virtual module data collection strategy comprises at least one visited

virtual module data collection plan.
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4. The method of claim 3, further comprising:

executing a visited virtual module analysis strategy when a visited
virtual module object in the process sequence is executed, wherein the visited
virtual module analysis strategy comprises a visited virtual module analysis

plan and/or a visited virtual module judgment plan.

5. The method of claim 3, further comprising:

determining a process recipe for each of the visited virtual module
objects in the process sequence; and

determining a process recipe for each of the non-visited virtual

module objects in the process sequence.

6. The method claim 1, further comprising:

executing a non-visited virtual module control strategy when a non-
visited virtual module object in the process sequence is executed, wherein the
non-visited virtual module control strategy comprises one or more non-visited
virtual module control plans; and

executing non-visited virtual module data collection strategy, wherein
the non-visited virtual module data collection strategy comprises at least one
non-visited virtual module data collection plan for collecting virtual module

non-visit data.

7. The method of claim 1, further comprising:

receiving a process recipe for each of the visited virtual module objects
in the process sequence; and

receiving a process recipe for each of the non-visited virtual module

objects in the process sequence.
8. The method of claim 1, wherein the desired process result

comprises at least one of a trim amount, an etch amount, and a deposition

amount.
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9. The method of claim 1, wherein the physical module comprises a
processing module, a measurement module, a transfer module, and/or a
holding module.

10. The method of claim 9, wherein the processing module comprises
an etch module, a deposition module, a chemical oxide removal module, a
heating module, a transfer module, a cooling module, and/or a development

module.

11. The method of claim 9, wherein the measurement module
comprises an optical emissions spectrum module, a scanning electron
microscope module, a optical digital profile module, and/or a transmission

electron microscopy module.

12. A method of operating a host controller in a semiconductor
processing system that includes a host system and a processing system, the
method comprising:

creating a static virtual module plan that comprise a desired process
result for at least one wafer, a process sequence for at least one wafer, the
process sequence comprising a plurality of virtual module objects comprising
visited virtual module objects, associated with a visit by a wafer to a physical
module and/or non-visited virtual module objects, associated with a non-visit
by a wafer to a physical module; and

sending the static virtual module plan to the processing system.

13. The method of claim 12, further comprising:

determining a desired process result for a wafer,

determining an actual number of visits to one or more physical modules
the wafer uses to achieve the desired process result;

establishing a visited virtual module object for each visit;

determining a number of non-visits to a physical module the wafer
uses to achieve the desired process result;

establishing a non-visited virtual module object for each non-visit; and
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determining a process sequence length for the wafer, wherein the
process sequence length is equal to a sum of the number of visits and

number of non-visits.

14. The method of claim 12, further comprising:

determining a maximum number of visits to one or more physical
modules the wafer can use to achieve the desired process result, wherein the
maximum number of visits is an integer equal to or larger than zero; and

determining a process sequence length for the wafer, wherein the

process sequence length is equal to the maximum number of visits.

15. The method of claim 14, further comprising:

determining a number of visits to each physical module the wafer
actually uses to achieve the desired process result;

establishing a visited virtual module object for each visit;

determining a number of non-visits to a physical module the wafer
actually uses to achieve the desired process result, wherein the number of
non-visits is an integer equal to or larger than zero; and

establishing a non-visited virtual module object for each non-visit.

16. The method of claim 12, further comprising:

receiving visited virtual module data when the processing system
executes the process sequence and a visited virtual module object is
executed; and

receiving non-visited virtual module data when the processing system
executes the process sequence and a non-visited virtual module object is

executed.

17. The method of claim 12, further comprising:

determining a process recipe for each visited virtual module object in
the process sequence; and

sending the process recipe for each visited virtual module object in the

process sequence to the processing system.
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18. The method of claim 12, further comprising:

determining a process recipe for each non-visited virtual module object
in the process sequence; and

sending the process recipe for each non-visited virtual module object in

the process sequence to the processing system.

19. The method of claim 12, wherein the physical module comprises a
processing module, a measurement module, a transfer module, and/or a

holding module.

20. A method of operating a processing system controller in a
semiconductor processing system including a host system and a processing
system, the method comprising:

receiving a desired process result for at least one wafer from the host
system;

creating a dynamic virtual module plan that comprises a process
sequence for the at least one wafer, the process sequence being created to
achieve the desired process result for the at least one wafer, the process
sequence comprising a plurality of virtual module objects, wherein the virtual
module objects comprise visited virtual module objects, associated with a visit
by the at least one wafer to a physical module, and/or non-visited virtual
module objects, associated with a non-visit by the at least one wafer to a
physical module; and

sending the dynamic virtual module plan to the host system.

21. The method of claim 20, further comprising:

executing the process sequence;

collecting visited virtual module data when a visited virtual module
object is executed; and

collecting non-visited virtual module data when a non-visited virtual

module object is executed.

- 44 -



WO 2006/025945 _ PCT/US2005/023945

22. The method of claim 21, further comprising:
sending at least one of the visited virtual module data and the non-

visited virtual module data.

23. The method of claim 21, further comprising:

executing a visited virtual module control strategy when a visited
virtual module object is executed, wherein the visited virtual module control
strategy comprises one or more visited virtual module control plans; and

executing a visited virtual module data collection strategy, wherein the
visited virtual module data collection strategy comprises at least one visited

virtual module data collection plan.

24. The method of claim 23, further comprising:

executing a visited virtual module analysis strategy when a visited
virtual module object is executed, wherein the visited virtual module analysis
strategy comprises at least one of a visited virtual module analysis plan and a

visited virtual module judgment plan.

25. The method of claim 23, further comprising:

determining a process recipe for each of the visited virtual module
objects; and

sending the process recipe for each of the visited virtual module

objects to the host system.

26. The method of claim 21, further comprising:

executing a non-visited virtual module control strategy when a non-
visited virtual module object is executed, wherein the non-visited virtual
module control strategy comprises one or more non-visited virtual module
control plans; and

executing non-visited virtual module data collection strategy, wherein
the non-visited virtual module data collection strategy comprises at least one
non-visited virtual module data collection plan for collecting virtual module

non-visit data.
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27. The method of claim 21, further comprising:

determining a process recipe for each of the non-visited virtual module
objects; and
| sending the process recipe for each of the non-visited virtual module

objects to the host system.

28. The method of claim 21, further comprising:

receiving a process recipe for a visited virtual module object in the
process sequence;

modifying the process recipe for the visited virtual module object; and

sending the modified process recipe to the host system.

29. The method of claim 21, further comprising:

receiving a process recipe for a non-visited virtual module object in the
process sequence;

modifying the process recipe for the non-visited virtual module object;
and

sending the modified process recipe to the host system.

30. The method of claim 20, wherein the physical module comprises at
least one of a processing module, a measurement module, a transfer module,

and a holding module.

31. A method of operating a host controller in a semiconductor
processing system that includes a host system and a processing system, the
method comprising:

receiving a dynamic virtual module plan from the processing system
that comprises a process sequence for the at least one wafer, wherein the
process sequence is created to achieve the desired process result for the at
least one wafer, the process sequence comprising a plurality of virtual module
objects, that are associated with a visit by the at least one wafer to a physical
module, and/or non-visited virtual module objects that are associated with a
non-visit by the at least one wafer to a physical module; and

executing the dynamic virtual module plan.
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32. The method of claim 31, further comprising:

receiving visited virtual module data when the processing system
executes the process sequence and a visited virtual module object is
executed; and

receiving non-visited virtual module data when a non-visited virtual

module object is executed.

33. The method of claim 31, further comprising:

receiving, from the processing system, a process recipe for at least one
visited virtual module object in the process sequence; and

sending the process recipe for the at least one visited virtual module

object to a database.

34. The method of claim 31, further comprising:

receiving, from the processing system, a process recipe for at least one
non-visited virtual module object in the process sequence; and

sending the process recipe for the at least one non-visited virtual

module object to a database.

35. The method of claim 31, further comprising:

receiving, from the processing system, a process recipe for at least one
visited virtual module object in the process sequence;

modifying the process recipe for the at least one visited virtual module
object; and

sending the modified process recipe to the processing system.

36. The method of claim 31, further comprising:

receiving, from the processing system, a process recipe for at least one
non-visited virtual module object in the process sequence;

modifying the process recipe for the at least one non-visited virtual
module object; and

sending the modified process recipe to the processing system.
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