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AUTOMATED MODEL BUILDING AND MODEL UPDATING

TECHNICAL FIELD

[001] The invention relates generally to manufacturing processes and particularly to

automated model building and model updating based on a template.

BACKGROUND

[002] In the semiconductor device manufacturing industry, device manufacturers have

managed to transition to more closely toleranced process and materials specifications by relying

on process tool manufacturers to design better and/or faster process and hardware configurations.

However, as device geometries shrink to the nanometer scale, complexity in manufacturing

processes increases, and process and material specifications become more difficult to meet.

[003] A typical process tool used in current semiconductor manufacturing can be

described by a set of several thousand process variables. The variables are generally related to

physical parameters of the manufacturing process and/or tools used in the manufacturing

process. In some cases, of these several thousand variables, several hundred variables will be

dynamic (e.g., changing in time during the manufacturing process or between manufacturing

processes). The dynamic variables, for example, gas flow, gas pressure, delivered power,

current, voltage, and temperature change based on, for example, a specific processing recipe, the

particular step or series of steps in the overall sequence of processing steps, errors and faults that

occur during the manufacturing process or changes in parameter values based on use of a

particular tool or chamber (e.g., referred to as "drift").

[004] One way to control the manufacturing process is to specify a set of model output

values that defines the values of ideal parameters occurring during the manufacturing process.

The actual output values of the manufacturing process are then compared to the model output

values to determine if the actual output values are consistent with the model output values. This

comparison is performed manually by a process engineer to determine whether the particular

output (e.g., processed semiconductor wafers) have desirable properties.

[005] Generally, the process engineer specifies or generates the model that includes the

parameters for the process tool that will be used during wafer processing. The model specifies

the various operating parameters used during the manufacturing process to generate a particular

type of wafer output. The model is typically based on inspection of wafers by the process

engineer and a determination of acceptable parameters based on the output of the process tool



and the experience of the process engineer. After a particular process tool or chamber undergoes

preventive or periodic maintenance, the values for acceptable parameters can change. A change

in acceptable parameters generally requires the process engineer to manually re-specify the

acceptable parameters for the particular tool or chamber, e.g., to re-create or re-enter the

parameters of the model.

[006] Creating a model in this manner is a relative lengthy and labor-intensive process,

sometimes taking up to an hour or more. Additionally, the creation of a model requires the

expertise or experience of a process engineer, which can lead to a certain percentage of faulty

wafers based on human error or inconsistency in acceptable parameters between maintenance

operations. Moreover, updating a model requires a similar labor-intensive process. A model

may be updated as part of a periodic maintenance plan and/or in response to changes within the

particular process tool. Updating the model typically requires adjustment or re-specification of

the process parameters. The process engineer is typically involved in manually adjusting the

parameters. The updated model takes approximately the same amount of time to update as a

model created for the first time.

SUMMARY

[007] There is a need for faster and more consistent creation and updating of models.

There is a further need to reduce the amount of manual input required from human personnel

such as a process engineer in creating and updating models. As used herein, "create," "build," or

"generate" and variants thereof are used interchangeably.

[008] The invention described herein relates to a process and system for automated

model creation from a model template and automated model updates based on the template,

thereby reducing the time associated with creating or updating a model. Creating or updating a

model from a model template further reduces, over time, the involvement required by a process

engineer and improves the consistency of created and updated models. Described are systems

and methods for generating, building, creating, or updating models using statistical analysis or

mathematical principles. Data from a manufacturing process is used in a statistical analysis to

trigger a template to generate or update a model.

[009] Generally, a model is used to specify the value of parameters of a manufacturing

process and also used to define a template. The value of the parameters can be considered input

data. During the manufacturing process, output data is measured and compared to the input data

from the model. Output data is measured by monitoring the variables and/or values of various



manufacturing or process parameters. The output data can be compared to the input data using

statistical analysis, for example, a multivariate analysis. Examples of multivariate analysis

include Hotelling-type calculations, DModX-type calculations, principal component analysis-

type calculations, weighted moving average-type calculations (such as an exponentially weighted

moving average), or any combination of these. If the result of the statistical analysis satisfies a

user-defined condition, a new model is created or the existing model is updated using a model

template and output data (e.g., data from a particular process tool or from a particular

manufacturing process). In some embodiments, a model for a particular process tool or chamber

can be generated from a template previously generated for the same process tool or chamber. In

some embodiments, a model for a particular process tool or chamber can be generated from a

template previously generated from a different process tool or chamber. For example, the

template can be used to generate a model for a different tool or chamber of the same type of tool

or chamber used to generate the template or previous models.

[0010] In some embodiments, the invention employs computer software and hardware to

implement to processes and systems described herein. The invention, in some illustrative

embodiments, also includes one or more user interfaces that allow a user to specify values for

various parameters used by the system for the manufacturing process.

[0011] In general, in a first aspect, the invention relates to a computer-implemented

method for creating a new model. The method involves generating a template from a

previously-created model where the previously-created model specifies a first set of parameters

associated with a manufacturing process. The method involves monitoring one or more

variables associated with the manufacturing process and analyzing the monitored variables and

the first set of parameters according to a multivariate statistical analysis. Upon any of the

variables satisfying a threshold condition, a new model is created based on the template and the

one or more variables.

[0012] In some embodiments, the method involves generating a second template from the

new model. The method can involve creating a second new model from the template when any

of the variables satisfies a threshold condition. The variables to be monitored and/or the

threshold condition can be specified by a user. In some embodiments, any of the variables

satisfying the threshold condition triggers creating the new model. Examples of the monitored

variables include time, occurrence of periodic or preventive maintenance, a result of metrology

verification, the number of wafers processed, or some combination of these variables.

[0013] Some embodiments feature the variables satisfying the threshold condition when

the multivariate statistical analysis of the variables results in a value that exceeds a threshold



value. The multivariate statistical analysis can involve a Hotelling-type calculation, a DModX-

type calculation, a principal component analysis-type calculation, a weighted moving average-

type calculation, or a combination of these calculations. In some embodiments, creating the new

model involves modifying the first set of parameters of the previously-created model based in

part on the template and the value of the one or more variables monitored during the

manufacturing process satisfying the threshold condition. Modifying the first set of parameters

can involve specifying a second set of parameters or changing one or more values of each of the

first set of parameters (or both). The template and/or the new model can specify parameters for

the process tool, chamber or recipe from which the variables were monitored or for a second

process tool, chamber, or recipe.

[0014] In another aspect, the invention relates to a multivariate analytical system. The

system includes a processor and a template-generating module that is in communication with the

processor to generate a first template based on a previously-created model that includes a first set

of parameters that define at least a portion of a manufacturing process. The system includes a

data acquisition module in communication with a processing tool to acquire or monitor one or

more variables during the manufacturing process and to provide information associated with the

variables to a model-generating module. The system also includes the model-generating module

to generate a new model having a second set of parameters. The new model is generated

according to a statistical analysis based on the first template and the one or more variables upon

the one or more variables satisfying a threshold condition.

[0015] The first set of parameters features, in some embodiments, any of the following:

metrology, time, duration of use of a process tool, number of wafers processed, occurrence of

periodic or preventive maintenance, sequence of wafers processed, or a combination of these.

The system can include a basket or cache module to provide data to the model-generating

module or the template-generating module in response to a user selection or any of the one or

more variables satisfying the threshold condition. In some embodiments, the new model is

associated with the previously-created model, and the second set of parameters is associated with

the first set of parameters adjusted based on the template and/or the variables.

[0016] The system can include a user interface. The user interface includes a first area

that includes one or more fields available for input of information by a user. The information

can include a value of a parameter of the template, and the first area can include a command

portion in communication with the template-generating module for issuing a command to create

the template in response to the user selecting the command portion. The user interface includes a

second area that displays one or more unique identifiers associated with each of a set of wafers



that have one or more data values. The unique identifiers are selectable by the user. The user

interface includes a third area for displaying a subset of the unique identifiers that correspond to

a subset of wafers selected by the user. The user interface can include a fourth area in

communication with the model-generating module for at least one of creating the new model or

updating the previously-created model in response to the user selecting the fourth area. The new

model can be created or the previously-created model updated according to a statistical analysis

based on the template and the data values associated with the subset of wafers. The user

interface features, in some embodiments, a fifth area that has one or more conditions selectable

by the user where the fifth area is in communication with an analyzer module and the model-

generating module for communicating a signal to the model-generating module to create the new

model or update the previously-created model upon a determination that the conditions have

been satisfied.

[0017] In some embodiments, the statistical analysis is a multivariate statistical analysis.

The multivariate statistical analysis involves, in some embodiments, a Hotelling-type calculation,

a DModX-type calculation, a principal component analysis-type calculation, a weighted moving

average-type calculation, or a combination of these.

[0018] In another aspect, the invention relates to a computer-implemented method for

monitoring a manufacturing process. The method involves providing a model specifying a set of

parameters associated with the manufacturing process. The method also involves associating a

user-selected condition with the model, where the condition includes a set of user-definable

expressions and a user definable consequence. The method involves monitoring one or more

variables associated with the manufacturing process and modifying the model based on the

consequence upon any of the monitored variables satisfying at least one expression from the set

of expressions.

[0019] Some embodiments feature the model being modified upon satisfaction of all of

the set of user-definable expressions. Modifying the model can involve at least one of changing

an alarm limit of the model, generating a new model, updating the set of parameters specified by

the model, creating a special alarm message, determining not to trigger a fault condition, or a

combination of these. An example of changing an alarm limit of the model involves changing a

value of at least one of a T2-type score, a DModX-type score, a principal component analysis-

type score, a weighted moving average-type score, or any combination of these scores.

[0020] In another aspect, the invention relates to a system for creating or updating a

model of a manufacturing process according to a statistical analysis. The system includes a

processor means and a user interface means that allows a user to communicate with the processor



means. The user interface means has a first area to display one or more user-selectable models

and a second area having one or more user-configurable conditions. The system includes a

control means in communication with the first area of the user interface means for determining

an initial value for each of one or more parameters of a manufacturing tool based on a particular

user-selected model. The system includes an analyzer means in communication with the second

area of the user interface to monitor output values associated with the parameters of the

manufacturing tool and to determine whether the user-configurable conditions have been

satisfied. The system includes a model-modification means in communication with the analyzer

means for updating the model or creating a new model upon the user configurable conditions

being satisfied. The updated or new model is based in part on the user-selected model and on the

output values.

[0021] In some embodiments, any of the above aspects can involve any of the described

in embodiments or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a block diagram of an exemplary system that embodies the invention.

[0023] FIGS. 2A-2E are plan views of an exemplary user interface and process for

generating a template.

[0024] FIGS. 3A-3C are plan views of an exemplary user interface and process for

selecting wafers having parameters to be used to generate a template or model.

[0025] FIGS. 4A-4C are plan views of an exemplary user interface and process that

initiates creating or updating a model based on a template.

[0026] FIGS. 5A-5G are plan views of an exemplary user interface and process

facilitating user configuration of one or more threshold conditions.

[0027] FIG. 6 is a data flow diagram for a system embodying the invention.

[0028] FIG. 7A is a flow chart illustrating a process for generating a new model or

updating an existing model from a template, according to an illustrative embodiment of the

invention.

[0029] FIG. 7B is a flow chart illustrating a process for determining whether a threshold

condition is satisfied.

DETAILED DESCRIPTION

[0030] FIG. 1 is a block diagram of an exemplary system 100 that embodies the

invention. The system 100 includes a processor 105 and a user interface 110. The user interface

110 can include a computer keyboard, mouse, other haptic interfaces, a graphical user interface,

voice input, or other input/output channel for a user to communicate with the processor 105, for



example, in response to stimuli from the processor 105. The user interface 110 can include a

display such as a computer monitor. The processor 105 is coupled to a processing facility 115.

The processing facility 115 performs manufacturing operations for performing wafer processing

functions on wafer 120 and outputting a processed wafer 120'. The processing facility 115 can

include tools or processes (not shown) for, for example, cleaning wafers, depositing material on

wafers, removing material from wafer surfaces, and performing other functions within the

processing facility 115.

[0031] In some embodiments, the tools or processes include multiple stations or units

within the facility 115. The functions performed by the tools or processes can be associated with

a plurality of physical parameters, for example, gas pressure, gas flow rate, temperature, time,

and/or plasma concentration among many others. In some embodiments, the parameter is the

yield loss of the particular wafer 120 that occurs after processing. The physical parameters can

be monitored and manipulated to produce a plurality of outputs 125 containing data about the

variables (e.g., the physical parameters and/or tool operating conditions) in the processing

facility 115. The outputs 125 can be electrical, optical, magnetic, acoustic, or other signals

capable of transmitting the data (or information about the data) or being transmitted to or within

the processor 105. Although the system 100 is described in the context of processing the wafer

120, it will be understood that other manufacturing processes are contemplated and within the

scope and spirit of the invention, for example, any batch manufacturing processes within the

biotechnology or pharmaceutical industries. In such examples, the particular physical

parameters and/or tool operating conditions vary depending on the particular process or product

of interest.

[0032] The processing facility 115 is coupled to the processor 105 by a data acquisition

module 130. The data acquisition module 130 receives the outputs 125 from the processing

facility 115. In some embodiments, the data acquisition module 130 performs buffering,

multiplexing, signaling, switching, routing, formatting, and other functions on the data to put the

data in a format or condition for suitable communication or retransmission to other modules of

the processor 105 (e.g., pre-processing functions). In some embodiments, pre-processing

functions are performed by a different module (not shown). In some embodiments the data

acquisition module 130 receives process data from the database 140, which can include, for

example, data about previously-manufactured wafers.



[0033] The particular processes that occur within the processing facility 115 can be

controlled by the processor 105 via information from the model 135, for example, via a run-to-

run controller (not shown). The run-to-run controller can be a module within the processor 105

or a controller (not shown) external to the processor 105. In some embodiments, a model 135 is

associated with various process parameters within the processing facility 115, and the model 135

specifies desirable or ideal values for the process parameters. The values of the process

parameters can vary depending on several factors, for example, the order and type of processes

occurring in the processing facility 115 or the particular recipe used to process the wafer 120.

The actual values of the processing parameters within the processing facility 115 are measured

by and/or communicated to the data acquisition module 130 by the plurality of outputs 125. The

measured values of the processing parameters are compared to the parameters specified by the

model 135, as discussed in more detail below.

[0034] In some embodiments, the user interface 110 can be used to manually create the

model 135 within the processor 105. In such embodiments, a user specifies the values of each of

the process parameters or variables to be used within the processing facility 115, which can be a

labor- and time-intensive process. The model 135 can be saved in a database 140 within the

processor 105 with a plurality of other models 145. In such embodiments, creation of a new

model (not shown) or updating an existing model 135 involves the user manually re-specifying

the new or updated values for the process parameters or variables. In some embodiments, if the

user manually creates the model 135, future models are also manually created by the user. The

user also has the option of generating a template 150 when the user manually creates the model

135. The template 150 can be, for example, a data file containing instructions or commands to

be applied to a particular set of measured data to generate the model 135. An advantage realized

by using the template 150 is that after the template 150 has been generated, the model 135 can be

subsequently used and/or modified automatically by applying the instructions or commands in

the template 150 to a set of measured data, resulting in a new or updated model 175. In some

embodiments, the new or updated model 175 is based on a statistical analysis of wafer data

acquired during manufacturing. The use of the template 150 can reduce the amount of labor and

expertise required by a process engineer to generate the model 135. In addition to specifying the

instructions or commands of the template 150, the user can specify conditions that, when met,

trigger the model 135 to be used or updated.

[0035] An advantage of the system 100 includes the use of the template 150. The

template 150 can be generated by a command received from the user interface 110, for example,

when the user defines a new model 135 manually. A template-generating module (not shown)



generates the template 150 based on the model 135 and/or based on data from the data

acquisition module 130. For example, the user can select one or more wafers 120' with desirable

properties after processing, and the values of process parameters communicated by the plurality

of outputs 125 during the processing of such wafers can be used to generate the template 150.

This allows the template 150 to incorporate data from previously-processed wafers, for example,

conditions within a tool or chamber in the processing facility 115, previous processes or recipes,

or results of measurement (e.g., metrology). In some embodiments, the template 150

incorporates this information implicitly by using previous wafer data to generate the new model

175. In some embodiments, information about previous processing can be specified by the user

(e.g., via the user interface 110). In some embodiments, the template 150 is selected from a set

of previously-defined templates (not shown) via the user interface 110. The previously-defined

templates can be stored in the database 140 or in a different database (not shown).

[0036] The user interface 110 can also be used to specify one or more conditions 155 in

the processor 105. Generally, the conditions 155 represent rules relating to threshold values of

process parameters. The system 100 can make a determination regarding the quality of the

wafers 120' when the process parameters output by the processing facility 115 satisfy the

threshold values or rules specified by the conditions 155. For example, the conditions 155 can

be used to adjust the response of the model 135 to differentiate the desirable and undesirable

output (e.g., wafers 120') for the same working parameters based on, for example, the

circumstances or existing operating conditions during the processing of the wafer 120. In some

embodiments, the wafer 120' is considered a bad wafer when the measured parameters fall

outside of acceptable limits specified by the model 135 or the conditions 155. Data can move bi-

directionally through the system 100 (e.g., between various components of the system), and can

include feed-forward transmission of data or feed-backward transmission of data.

[0037] In general, the user specifies conditions 155 that are implemented using a domain-

specific language to simplify complex Boolean operations. In some embodiments, the

conditions 155 can have two parts, a "when" part and a "then" part. The "when" part specifies

the appropriate time for an action or what information should be true for the "then" part to be

activated. The "then" part can represent complex Boolean operations or can be used to signal an

expression. In some embodiments, an expression is associated with any of the wafer 120,

chamber in the processing facility 115, a multivariate model (e.g., the model 135), a multivariate

analysis, metrology or any combination thereof.

[0038] The processor 105 includes a module 160 that includes an analyzer module 165

and a model-modification module 170. The module 160 receives information or data from the



template 150 and the conditions 155. For example, the analyzer module 165 receives data about

the manufacturing process used on wafer 120 to produce wafer 120' from the data acquisition

module 130. The analyzer module 165 can determine whether the processing facility 115

satisfies the threshold conditions 155 specified by the user based on the acquired data (e.g., by

comparing the acquired data to the model data using, for example, multivariate analytical tools).

The analyzer module 165 can communicate this information to other modules in the processor

105. The model-modification module 170 receives information or data from the template 150,

the analyzer module 165, and/or the data acquisition module 130. The analyzer module 165

communicates to the model-modification module 170 when one or more user specified

conditions 155 have been satisfied, which triggers the model-modification module 170 to update

the model 135 or generate a new model 175 based on the data from the processing facility 115 or

the data acquisition module 130. The model modification module 170 updates the model 135 by

changing the values of the parameters (e.g., desirable wafer properties) stored in the model 135.

The model modification module 170 generates a new model 175 by generating a data structure

based on parameters stored in the template 150 and based on the acquired data.

[0039] In some embodiments, the conditions 155 include information about the particular

wafer 120 being processed, referred to as wafer expressions Examples of such conditions 155

include "Wafer Context," "VID Maximum," "VID Minimum," "VID Average," "VID Standard

Deviation," or "VID Transient." As used herein, "VID" generally refers to a "variable

identification," where the variable represents the value of a real-world observable occurring

during the manufacturing process or with respect to a process tool. Table 1 below illustrates

wafer expressions along with the description of the particular expression and the syntax of the

particular condition used by the analyzer module 165. The syntax includes the type of parameter

used by the analyzer module 165. Table 2 below illustrates the types of parameters referred to in

Table 1, the source of the parameter, and a description of the parameter.

Table 1 - Wafer Expressions



VID Average Evaluates average value of Average of {vidName} during
specified VID using {steps} is {operator} than
arithmetical operation, for {number}
example, mean, median or
mode

VID Standard Deviation Evaluates standard deviation Standard deviation of
value of specified VID using {vidName} during {steps} is
arithmetical operation {operator} than {number}

VID Transient Evaluates transient value of Transient of {magnitude} per
specified VID in a particular {duration} {time} in
wafer {vidName} during {steps}

Table 2 - Parameters of Wafer Expressions

[0040] In some embodiments, the conditions 155 include information about the particular

processing tool or chamber in the facility 115 in which the wafer 120 is processed, referred to as

chamber expressions Examples of such conditions 155 include "Chamber IDLE State,"

"Chamber Post-IDLE State," "Chamber Preventive or Periodic Maintenance," or "Chamber Post

Preventive or Periodic Maintenance." Table 3 below illustrates chamber expressions along with

the description of the particular expression and the syntax of the particular condition used by the



analyzer module 165. The syntax includes the type of parameter used by the analyzer module

165. Table 4 below illustrates the types of parameters referred to in Table 3, the source of the

parameter, and a description of the parameter.

Table 3 - Chamber Expressions

Table 4 - Parameters of Chamber Expressions

[0041] In some embodiments, the conditions 155 include information about the particular

template 150 or multivariate model 135 used to process the wafer 120, referred to as multivariate

model expressions Examples of such conditions 155 include "VID Statistic-Maximum," "VID

Statistic-Minimum," "VID Statistic-Average," and "VID Statistic-Standard Deviation." Table 5

below illustrates multivariate model expressions along with the description of the particular

expression and the syntax of the particular condition used by the analyzer module 165. The

syntax includes the type of parameter used by the analyzer module 165. Table 6 below



illustrates the types of parameters referred to in Table 5, the source of the parameter, and a

description of the parameter.

Table 5 - Multivariate Model Expressions

Table 6 - Parameters of Multivariate Model Expressions

[0042] In some embodiments, the conditions 155 include information about the results of

multivariate statistical analyses performed on data measured during processing of the wafer 120,

referred to as multivariate analysis expressions. Examples of such conditions 155 include

"Multivariate Upper Level Results," and "Fault Classification." Table 7 below illustrates

multivariate analysis expressions along with the description of the particular expression and the

syntax of the particular condition used by the analyzer module 165. The syntax includes the type



of parameter used by the analyzer module 165. Table 8 below illustrates the types of parameters

referred to in Table 7, the source of the parameter, and a description of the parameter.

Table 7 - Multivariate Analysis Expressions

Table 8 - Parameters of Multivariate Analysis Expressions

[0043] In some embodiments, the conditions 155 include information relating to the

system's 100 knowledge or a user's knowledge of metrology. Examples of such conditions 155

include "Pre-processing metrology parameters." Table 9 below illustrates metrology expressions

along with the description of the particular expression and the syntax of the particular condition

used by the analyzer module 165. The syntax includes the type of parameter used by the

analyzer module 165. Table 10 below illustrates the types of parameters referred to in Table 9,

the source of the parameter, and a description of the parameter.

Table 9 - Metrology Expressions



Table 10 - Parameters of Metrology Expressions

[0044] In some embodiments, additional types of expressions for conditions are used.

Other types of expressions can be employed depending on the user's preference. For example, a

user can specify that no data be collected for a particular wafer 120 or batch of wafers (e.g., the

first batch after preventive or periodic maintenance) or that data collected for subsequent batches

of wafers (e.g., the second and third batches after maintenance) be collected subject to

parameters (e.g., parameters associating a weight with the collected data). Such a configuration

reduces the effect of skewed results based on chamber or tool maintenance. Other expressions

can also be used to account for normal "drift" or changes in chamber or tool parameters. For

example, the age of a chamber or tool or the duration between occurrences of preventive or

periodic maintenance on a particular chamber or tool can be used for collecting data or

generating the model 135. Additionally, the number of wafers processed can be specified as a

parameter alone, or in combination with, for example, the age of a chamber or tool. Other

parameters and the use thereof are within the scope of the invention.

[0045] In some embodiments, a new model 175 is generated using the template 150

and/or data acquired during wafer processing in the processing facility 115. For example, the

data acquired can be compared to previously acquired data and used to specify values for

parameters used for the new model 175. In some embodiments, the model 135 is updated by

adjusting or changing the values of parameters used in the model 135. For example, data

acquired during wafer processing can be compared to data used to specify values for parameters

in the model, and the values of the parameters can be adjusted using a statistical analysis that



accounts for both types of data but statistically weights the acquired data more heavily. In some

embodiments, the statistical weighting analysis is a multi-variate analysis.

[0046] In some embodiments, the values of parameters used in the model 135 are updated

using an exponentially weighted moving average (also called "EWMA") process. Data acquired

during processing is compared using EWMA to data used to create or update the model 135.

Generally, EWMA estimates a rate of change of data between the wafer 120 and subsequent

wafers (not shown) and uses the rate to modify the model 135 to account for or address

acceptable changes between wafers. EWMA weights the data acquired more recently in time

more heavily than data acquired more remotely in time (e.g., the data used to specify parameters

in the previous model). In some embodiments, the initial model 135 is randomly-generated, and

the EWMA process is used to update the parameter values of the randomly-generated model 135.

In such embodiments, the values of parameters specified in the model 135 are adjusted relatively

dramatically in the first update to reduce the effects of the randomly-generated original model

because the more recently-acquired data is representative of the state of the particular tool or

chamber in the processing facility 115. Data associated with the randomly-generated model 135

is devalued relatively quickly as more data is acquired. In such embodiments, the initial model

135 is required but devalued or discarded quickly because the updated model 135 represents a

convergence of parameter values to reflect real-world operating conditions after multiple

iterations of data acquisition and model updates.

[0047] The system also includes a model management module 180 in communication

with the user interface 110 and the database 140. The model management module 180 facilitates

storage and retrieval of the plurality of models 145 (including the model 135 as updated or the

new model 175) in response to user commands received via the user interface 110 for use by

other modules in the processor 105.

[0048] Although the embodiments described herein relate to a batch-type process (e.g.,

semiconductor wafer processing, pharmaceutical dose processing or biotechnology sequencing

or processing), it will be understood that the processing and analysis techniques can also be

applied to continuous-type processes, for example, pipeline flow, refinery processes, or other

processes without well-defined start/stop times and/or events.

[0049] FIGS. 2A-2E are plan views of an exemplary user interface and process for

generating a template. FIG. 2A illustrates a user interface 200 that can be used to facilitate

implementation of the invention (e.g., as part of the user interface 110 of FIG. 1). In some

embodiments, the user interface 200 is a part of a front-end/back-end system. An example of a

system that includes a suitable user-interface is the TOOLWEB® application ("TOOLWeb") of



MKS Instruments, Inc. of Andover, Massachusetts that operates in a desktop environment or a

server environment. An example of a suitable server environment is the TOOLWebserver®

environment of MKS Instruments, Inc. of Andover, Massachusetts.

[0050] The user interface 200 is used when a user (not shown) opts to generate a model

and a template. The user interface 200 includes a "Templates" tab 204 that includes a window

208 identifying a list of previously-generated templates. As illustrated, two templates are

available in the window 208, labeled "new_template" and "repltemp." The window 208 also

displays additional information about the particular templates, for example, "Status" of the

template, the "Tool" to which the template applies, the "Chamber" within the "Tool" to which

the template applies, and the type of "Model" the template can be used to generate or update.

The user interface 200 also includes a "New" button 212 that, upon selection by the user, allows

the user to generate a new template (e.g., not identified in the window 208). The user interface

200 also includes a "create model" button 216 that, upon selection by the user, allows the user to

generate a new model by activating the model generation or updating process (not shown) or

module (e.g., the model modification module 170 of FIG. 1).

[0051] When the user selects the "New" button 212 in the user interface 200 of FIG. 2A,

the user interface 220 of FIG. 2B is displayed. The user interface 220 includes a first area 224

labeled "Wafers" that identifies a set of wafers according to one or more fields, for example,

"Tool," "Chamber" or "Recipe." The first area 224 also includes information about "Lot,"

"Slot," and "Wafer Start Date & Time" that further identify individual wafers or steps in a

manufacturing process. The user interface 220 also includes a second area 2281abeled "Filter"

and a third area 232 labeled "Definitions." The third area 232 includes a text-fillable field 236

labeled "Template Name" that allows the user to specify a name for the particular template being

generated. The user interface 220 includes a button 240, labeled "Go to Project Builder" that is

active when the user opts to generate a new template. In some embodiments, for example when

the user opts to manually generate a model without generating a template, the button 240 is

inactive or unavailable for user selection.

[0052] In some embodiments, to facilitate generation of a template, the user selects one or

more wafers. Information or data about the selected wafers is used to generate the template. The

user interface 220 allows the user to select wafers in multiple ways. For example, the user can

select the "Load Selection" button 244 to select wafers that are identified in the second area 228.

In some embodiments, the user can identify wafers to be used to generate a template using a

database query. The user interface 220 allows the user to specify a number of search criteria for



searching the database (e.g., the database 140 of FIG. 1). For example, the user can select a

"Tool" from the navigation tree 248 in a fourth area 252 of the user interface 220.

[0053] The user can also specify search criteria in the third area 232. For example, the

third area 232 includes a drop-down menu 254a that identifies particular recipes or sets of

processing steps selectable by the user. The user interface 220 also includes a field 254b in

which the user can specify a location on the user's system (or a network) where raw data about

the wafers can be stored. The user interface 220 allows the user to specify time limitations for

the search, either by selecting a start time and stop time from a drop-down menu 254c or by

entering the start time and stop time in a fillable field 254d. After the user specified search

criteria in the third area 232, the user can further specify search criteria in the second area 228.

The second area 228 includes a field 256a labeled "Lot" that allows the user to filter search

results by the name of the lot or batch of wafers processed. The user can specify a particular lot

name, or the user can select a wildcard that does not filter the search results. After the user

specifies a lot-name filter or a wildcard, the user selects the "Load lots" button 256b, which

initiates a search or query of the database for wafers that meet the criteria set forth in the third

area 232 and the filter in the second area 228. After the user selects the "Load lots" button 256b,

the search results populate window 258. The user selects the desired wafers displayed in

window 258, and then selects the "Load Wafers" button 260.

[0054] The first area includes a first window 224a and a second window 224b. When the

user selects the "Load Wafers" button 260, the selected wafers returned by the search populate

the first area 224, in particular, in the first window 224a. In some embodiments, the user

performs multiple searches with multiple search criteria, and the collective results are displayed

in the first area 224. For example, the user can add wafers to the first window 224a by

performing a different search with different search criteria upon selecting the "Load Wafers"

button 260 in response to the returned search results. The additional results are populated in the

window 224a in addition to the results displayed from a previous search. The first and second

windows 224-224b identify wafers for selection. The first area 224 includes a button 262a that,

upon selection by the user, moves the wafer identification from the first window 224a to the

second window 224b and a button 262b that, upon selection by the user, moves a wafer

identification from the second window 224b to the first window 224a. The first area 224 also

includes a first radio button 264a and a second radio button 264b.

[0055] The radio button 264a allows the user to select all of the wafers in the first window

224a for generating a template. Similarly, the radio button 264b allows the user to select all of

the wafers in the second window 224b for generating a template. For example, the user can



select wafers identified in the first window 224a that are not to be included in the template, and

can select the button 262a to move those wafers to the second window 224b. The user then

selects the first radio button 264a to indicate that the wafers in the first window 224a are to be

used for generating the template. After the user has selected the desired wafers, the user selects

the "Go to Project Builder" button 268, and the user interface 270 of FIG. 2C is displayed.

[0056] In embodiments in which the user opts to generate only a model and not a

template, the user selects the "Create Raw Data" button 272, and a model is generated based on

the data associated with the selected wafers. As illustrated, the "Create Raw Data" button 272 is

not active since the user interface 220 reflects the user opting to generate a model and a template,

rather than a model only.

[0057] In some embodiments, the template-generation process is the "Project Builder"

process of commercially available software application, for example, the SIMCA-P utility

offered in software applications, such as SIMCA® P+ or SIMCA® QP+ sold by Umetrics, Inc.

of Umea, Sweden. Templates can be generated in other ways, for example manually. The

"Project Builder" process is a dedicated tool for generation of models and templates for one or

more Umetrics products.

[0058] FIG. 2C illustrates the user interface 270 after the template-generation process has

been initiated. The "Project Builder" window 274 is opened. The user is prompted by the "Text

Import Wizard" window 276. The "Text Import Wizard" window 276 allows the user to specify

the arrangement of data in the template based on the data associated with the wafers in the first

area (e.g., either the first window 224a or the second window 224b, depending on the particular

radio button 264a-264b selected when the user selects the "Go to Project Builder" button 268).

Examples of the type of wafer data include variable identification (VID) selection, VID

calculations, an identification of the particular wafer or integrated circuit, measurement (e.g.,

metrology) of the wafers, or other parameters associated with the wafers. The "Text Import

Wizard" window 276 provides a summary of the data that will be used to generate the template.

In some embodiments, the template is saved as a data file within the system 100 of FIG. 1.

[0059] FIG. 2D illustrates the user interface 220 with an "Outliers" window 278 that

allows a user to exclude particular data points (e.g., wafers or steps) from the template, for

example, when the values of those data points fall outside of an acceptable range or tolerance at

a particular confidence level. In some embodiments, the "Outliers" window 278 allows the user

to simulate the manual process of excluding wafers from a model. If particular wafer data points

exceed the threshold value at the particular confidence level, these data points and/or wafers are

not included in subsequently generated models that are based on the template.



[0060] The multivariate analysis module can perform, for example, a Hotelling-type

calculation or a DModX-type calculation on the wafer data to determine if a particular point or a

particular wafer is an outlier. A Hotelling-type calculation can be used to determine a T2 score.

A T2 score can be calculated according to the following equation:

1 2 Equation 1,

where:

σ standard deviation for a particular variable, based on data acquired for previous

wafers,

x , measured value of parameters, for p variables,

M x

M o , mean value of parameters based on previous wafers, for p variables

M

an inverse correlation matrix, which is the inverse of the covariance matrix, S,

illustrated below:

where:
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for both S and x in a generalized k x n matrix..

[0061] In general, a T2 score is a calculation of the weighted distance of manufacturing

process variables for an output (e.g., the wafer 120') of the manufacturing process relative to an

output produced under normal process operation. One way to understand the meaning of the T2

value is to consider it in terms of a geometric description. A normal manufacturing process is a

cluster of data points in an n-dimensional space, where n is the number of measured



manufacturing process variables. T2 is the squared distance of a new output from the center of

this cluster of data points weighted relative to the variation output of the in the normal process

condition. The variation is often illustrated as an n-dimensional hyper-ellipse that bounds the

cluster of data points. In general, Hotelling-type calculations can be used to, for example,

determine whether a particular point is an outlier (e.g., outside the hyper-ellipse) with respect to

the remainder of the data set. More specifically, a Hotelling-type calculation can be used to

determine whether a particular measured parameter is outside an alarm limit, as determined by a

mathematical model for the process parameters being observed. When a calculated T2 score

exceeds a threshold T2 score, the particular data point or wafer can be excluded from the

generated template.

[0062] Another example of a suitable mathematical calculation is a DModX-type

calculation. A DModX-type calculation involves calculating the distance of a particular data

point from a location in an n-dimensional space that represents a preferred location (e.g., a

location associated with an ideal wafer). The DModX value is calculated using a principal

component analysis that maps the n-dimensional variable to a lower order (e.g., less than order

n) dimensional variable. Mathematically, the DModX value is the orthogonal component (or

residue) resulting from the principal component analysis. A DModX value can be indicative of a

range of values (e.g., a "tolerance volume") about a particular variable (e.g., a data point) in the

mathematical model. Similarly to the Hotelling-type calculation, when the calculated DModX

score exceeds a threshold DModX score, the particular data point or wafer can be excluded from

the generated template. As shown in the "Outliers" window 278, the values for the T2 score and

the DModX score can be configured by the user via the window 278, in addition to the

confidence level and various multiplication factors.

[0063] After the user has specified the particular values in the "Outliers" window 278, the

user can select a "Finish" button 280, which completes the template-generation process. FIG. 2E

illustrates the user interface 220 after completion of the template-generation process. The

generated template can be saved to a memory (e.g., the database 140 or a different memory of

the processor 105) within the system 100 of FIG. 1. The "template file" field 282 allows the user

to specify the location on the user's particular system at which the template will be saved upon

user selection of the "Save" button 284. The generated template is then available for subsequent

use to generate or update models.



[0064] FIGS. 3A-3C are plan views of an exemplary user interface and process for

selecting wafers having parameters to be used to generate a template or model. FIG. 3A shows a

screen 300 used for real-time monitoring of data associated with a manufacturing process. The

screen 300 can be accessed from the Fault Detection and Classification ("FDC") tab 305 in the

TOOLWeb user interface. As data is acquired during the manufacturing process (e.g., by the

data acquisition module 130 of FIG. 1), the data can be processed and displayed to a user (e.g.,

via the user interface 110 of FIG. 1). The data is analyzed and displayed in various forms in the

screen 300. The screen 300 shows a first area 310 illustrating a Hotelling-type graph plotting T2

values along the vertical axis and wafer number along the horizontal axis. The T2 value

corresponding to approximately 2 1 represents a threshold value of T2 for the wafers being

processed and is illustrated as a horizontal line in the first area 310. The T2 threshold can be

determined by a user. The T2 value of 2 1 is illustrative and exemplary, and other values of the

T value can be used based on the specific parameters of the manufacturing process and user

selection. A Hotelling-type calculation on data associated with the wafers being processed does

not result in a T2 value or score that exceeds 2 1 for any of the wafers. This is illustrated by the

connected data points 315 in the first area 310.

[0065] The screen 300 also shows a second area 320 illustrating a DModX-type graph

plotting DModX values along the vertical axis and wafer number along the horizontal axis. The

horizontal axis of the second area 320 corresponds to the horizontal axis of the first area 310

(e.g., both axes refer to the same wafers). The DModX score corresponding to approximately

1.30 represents the threshold value of DModX for the wafers being processed and is illustrated

as a horizontal line in the second area 320. The DModX threshold can be determined by a user.

The DModX value of 1.30 is illustrative and exemplary, and other values of the DModX value

can be used based on the specific parameters of the manufacturing process and user selection. A

DModX-type calculation performed on data associated with the wafers being processed does not

result in a DModX value or score that exceeds approximately 1.30 for any of the wafers. This is

illustrated by the connected data points 325 in the second area 320.

[0066] The screen 300 also shows a third area 330 illustrating a principal component

analysis scatter plot graph plotting Principal Component 2 values along the vertical axis and

Principal Component 1 values along the horizontal axis. The ellipse 335 in the third area 330

represents a bound on wafers having desirable properties. All of the data points in the scatter

plot graph fall within the ellipse 335 because the Principal Component 1 values and the Principal

Component 2 values fall within normal confidence boundaries defined by a multi-variate

analysis model for each Principal Component.



[0067] The screen 300 also illustrates a fourth area 340 that includes a trend chart graph

plotting along the vertical axis the number of variables ("SVIDs" or "VIDs") that deviate from a

univariate ("UVA") model and/or that generate a UVA alert. The fourth area 340 plots the wafer

number along the horizontal axis. The horizontal axis of the fourth area 340 corresponds to the

horizontal axis of the first area 310 and second area 320. VID generally refers to a "variable

identification." SVID generally refers to a "system variable identification." None of the wafers

along the horizontal axis of the fourth area 340 are showing UVA alerts (e.g., represented as

vertical spikes in the fourth area 340), in part because a UVA model is not active.

[0068] The screen 300 also includes a navigation bar 345 that allows a user to view the

data for wafers processed in other tools and/or chambers in the manufacturing facility by

selecting different chamber from "Tool-1." For example, when a user selects "2," a screen

similar to screen 300 is displayed with areas similar to the first 310, second 320, third 330, and

fourth areas 340 but corresponding to the wafers being processed in chamber named "2." Each

area 310, 320, 330, and 340 includes a toolbar 350a-350d that includes, among other things, a

button 355a-355d that activates a wafer selection tool.

[0069] FIG. 3B illustrates the screen 300 with the button 355a in the first area 310

selected to activate the wafer selection tool. The user can use the wafer selection tool to select

wafers having desirable properties based on the data displayed in the first 310, second 320, third

330, and fourth areas 340 of FIG. 3A. The user can select a subset of wafers having desirable

properties by drawing a box 360 around the data points in the first area corresponding to wafers

having desirable properties. The selected subset of wafers can be used to populate the wafer

basket (discussed further below). The first area 205 of the screen 200 of FIG. 2A allows a user

to select desirable wafers. Wafers can be deemed desirable based on the user's or operator's

discretion. For example, wafers can be deemed desirable based on textual representation of the

data about the wafers. Similarly, the wafer selection tool allows a user to select desirable wafers

based on the graphical representation of data about the wafers. The wafers can be considered

desirable to an operator because none of the data associated with the wafers resulted in a T2 score

over the threshold value. In some embodiments, a wafer is considered desirable if data

associated with the wafer results in any of a T2 score below the T2 threshold, a DModX score

below the DModX threshold, a plot within the ellipse 335 of the principal component analysis

scatter plot, the wafer does not generate a Deviate VID, or any combination of these.

[0070] FIG. 3C illustrates the screen 300 after the user has selected wafers of interest

(e.g., wafers having desirable properties). The wafers in the first area 310 are selected (and data

points associated therewith are highlighted) with the wafer selection tool. The wafer data points



in the second area 320 (not shown) third area 330 and the fourth area 340 corresponding the

same wafers are also highlighted. This is because the graphs in the first 310, second 320, third

330 and fourth areas 340 represent different statistical representations of data from the same

wafers. Similarly, using the wafer selection tool in the second area 320 to select wafers having

desirable properties results in the data points in the first 310, third 330, and fourth areas 340

corresponding to the same wafers also being highlighted, and so on for each of the areas of the

screen 300.

[0071] After the wafers have been selected, the user can open a data window 365 by

activating a "basket view" icon 370. The data shown in the data window 365 is similar to the

first area 224 of the user interface 220 in FIG. 2B. In some embodiments, the wafer list in the

first area 224 can be populated from the basket upon a user clicking the "Load Wafers" button

260. By using the basket in this fashion, the data associated with the wafers selected from the

screen 300 is available for analysis and processing, for example, generating a template or a

model.

[0072] FIGS. 4A-4C are plan views of an exemplary user interface and process that

initiates creating or updating a model based on a template. FIG. 4A depicts a screen 400 in the

TOOLWeb user interface for generating or updating a model. The screen 400 includes a

"Templates" tab 405. The tab 405 includes a first area 420 that includes several user-definable

fields for determining or defining aspects of the model to be generated or updated. As depicted,

the tab 405 is configured for generation of a new model based on the template named

"new_template.". The user has chosen "new_model" as the name for the model to be generated.

[0073] The tab 405 also includes a second area 425 that identifies a set of wafers. A user

can select a subset of wafers from the second area 425 to populate the third area 430. The tab

405 also includes a fourth area 435. The fourth area 435 identifies one or more "lots" or batches

of wafers that are processed according to the user-definable fields in the first area 420. Each lot

or batch can contain data about one or more processed wafers. The user can select one or more

lots in the fourth area 435 and can populate the second area 425 upon selecting the "Load

Wafers" button 440. The second area 425 can also be populated with wafers from the wafer

basket as discussed above with respect to FIGS. 3A-3C by selecting the "Load Selection" button

445 in the fourth area 435. The template identified in the first area 420 and data associated with

the wafers in the fourth area 435 are used by the model generation process to define the new

model. After the user has selected the template and wafers for generating the model, the user can

activate and finalize the model generation process by selecting the "Create Model" button 450 in



the tab 405. The user is notified that a model is being generated from the template as depicted in

the screen 400 shown in FIG. 4B.

[0074] FIG. 4C illustrates the screen 400 after the model has been created successfully.

Upon completion of the model, the model generation process selects the "Models" tab 455 in the

"FDC Modeling" tab 460 and presents a window 465 containing a list of available models. The

newly-generated "new_model" has been saved and is listed among the models. Additional

information about the models are presented in the window 465, such as "Type," "Status,"

"Tool," "Chamber," "Recipe," and "Template."

[0075] "Type" generally refers to the mathematical or statistical algorithm represented by

the model. For example, for "newjmodel," the "Type" is "MVA-PCA" which refers to a

multivariate analysis-principal component analysis-type algorithm. "Tool" generally refers to

the particular tool in the processing facility (e.g., the processing facility 115 of FIG. 1), from

which data used to build the new model was acquired. Similarly, "Chamber" generally refers to

the portion of the "Tool" in the processing facility from which data was acquired and "Recipe"

generally refers to the specific type, series and sequence of process steps used in the processing

facility from which data was acquired to generate the model. "Template" generally refers to the

template that was used to generate the model.

[0076] FIGS. 5A-5G are plan views of an exemplary user interface and process

facilitating user configuration of one or more conditions. In some embodiments, conditions

represent a set of rules that trigger a consequence. Conditions can be associated with or linked to

a particular model acting on a particular process tool, process chamber, or series of processing

steps (e.g., a recipe). Conditions can be based on data flow into or within a manufacturing

system (e.g., the system 100 of FIG. 1). In some embodiments, conditions are based on data

associated with a particular SVID or context of a particular wafer (e.g., lot name, product, wafer

identification, or other information that identifies a wafer). In some embodiments, consequences

of a condition being met are defined as part of the condition. By way of example only, types of

consequence can include changing or updating an alarm limit for a model, building a new model,

triggering an alarm, or identifying and/or classifying a fault in the system.

[0077] FIG. 5A illustrates a screen 500 in the "FDC Modeling" tab 505 of the

ToolWebServer software application. The "Conditions" tab 510 is displayed and includes a list

515 of conditions. Each of the conditions in the list 515 is associated with data in fields relating

to a "Tool," "Chamber," "Recipe," and "Model" in the "Condition is associated with:" window

520. A user can select an existing condition from the list 515, and upon selection of the

"Associate" button 524, associate the selected condition with a model (e.g., via an association



window (not shown)). In some embodiments, the condition is linked to an existing model that

specifies parameters for a particular process tool, process chamber, or series of processing steps

or recipe. The condition can also be associated with all of the models that relate to a particular

process tool or process chamber. After the condition is associated with the model, acquired data

is analyzed and compared to the model. When the condition associated with the model is

satisfied, the consequence of the particular condition is implemented. An existing condition can

be, for example, triggered after periodic maintenance of a process tool or chamber.

[0078] Additional examples of existing conditions include conditions that specify data

from the first lot or batch of wafers processed after a periodic or preventive maintenance

operation is not used and data from the next two subsequent lots or batches of wafers is used

with different (e.g., higher) threshold for alarm limits. In this way, parameter values can be

controlled during the duration of time between when an update to the model is scheduled and

when the update process can be initiated. For example, data can be collected during this

duration, and the data can be incorporated into the new or updated model, for example, by

generating an intermediate model that will subsequently be updated or by incorporating the data

into an existing model based on different threshold values for the data. In some embodiments,

data from the two subsequent batches of wafers can be used to create a new model and update

the new model (e.g., an intermediate model) or to update an existing model (e.g., a previously-

saved model or the intermediate model) by associating the conditions with the existing model

during acquisition of wafer data subject to possibly different threshold conditions. Conditions

can be used to control how data is acquired during wafer processing and how acquired data is

used by the processing system.

[0079] In some embodiments, a user can generate or create a new condition. For

example, a wafer can be processed as a calibration wafer to determine appropriate values for the

process tool, chamber, or recipe or to determine whether the process tool, chamber, or recipe fall

within acceptable limits. A user can specify a new condition by selecting the "New" button 525

in the "FDC Modeling" tab 505. After the user selects the "New" button 525, the screen 500 of

FIG. 5B is displayed.

[0080] The screen 500 of FIG. 5B shows a "Name" field 530, an "Optional Expressions"

area 535, a "Modify" area 540, a "Selected Expressions" area 545, an "Alarm Levels" window

550 and a "Conditions will be applied when:" window 555. The "Name" field 530 allows a user

to specify a name for the new condition. The "Optional Expressions" area 535 allows a user to

select or specify types particular expressions that, when satisfied, can satisfy the condition and/or

trigger a consequence. The expressions are used for acquisition of data, analysis of acquired



data, and comparison of acquired or analyzed data to a particular model The text of the

parameters in the "Optional Expressions" area 535 determines the text of the available fields in

the "Modify" area 540. For example, by selecting the "When Maximum of '{p}' in '{v}' is

'larger' than '{v}'" is selected in the "Optional Expressions" area 535, the expressions in

quotations become available fields in the "Modify" area 540, namely "p," "v," and "larger."

This is also depicted in FIG. 5E. In some embodiments, the user can specify a new expression

that is not identified in the "Optional Expressions" area 535.

[0081] The "Modify" area 540 includes available fields whose values can be specified by

a user according to the desired condition and applicable manufacturing process. The available

fields generally represent an event that triggers the consequence of a particular expression or

condition. For example, when particular wafer data exceeds an acceptable threshold value

calculated using a multi-variate analysis of the data, an expression or condition is satisfied and/or

an alarm is triggered, thus implementing the consequence. The user can also specify whether

satisfaction of all of the conditions is required to trigger a consequence, or whether satisfaction

of any of the conditions suffices to trigger the consequence. In some embodiments, satisfaction

of more than one but less than all of the conditions can trigger the consequence.

[0082] FIG. 5C depicts the screen 500 after a user has specified values for the fields in the

"Name" field 530 and the "Modify" area 540. The user has assigned a name of "NewCondition

Name" to the particular condition being specified. As shown in the "Modify" area 540, the filled

fields relate to the condition selected from the "Optional Expressions" area 535 and illustrates

details about the condition, namely that the user-specified the condition such that "When

Maximum of 'VID_899' in '1,2,3,4' is 'larger' than '29," the consequence of the condition can

be implemented. The user-specified condition is displayed in the "Selected Expressions" area

545 when the user selects the "Add" button 560, as depicted in FIG. 5D.

[0083] FIG. 5E illustrates a screen 500 in which a user has selected an additional

expression from the "Optional Expressions" area 535 and has specified values for the applicable

fields in the "Modify" area 540, namely, "When Transient of '{p}' in '{v}" is 'smaller' than

'{v}' per '{v}' ms." The user has also selected the "Add" button 560, and the user-specified

condition appears in the "Selected Expressions" area 545. Both expressions in the "Selected

Expressions" area 545 are associated with the condition assigned the name of "NewCondition

Name." After the user has selected the appropriate expressions for the condition called

"NewCondition name" and specified the values for the fields in the "Modify" area 540, the user

determines whether satisfaction of all of the expressions is required to trigger the consequence

(e.g., by selecting the radio button 555a in area 555) or whether satisfaction of one of the



expressions is required to trigger the consequence (e.g., by selecting the radio button 555b in

area 555).

[0084] The screen also includes an "Alarm Limits" window 550 that allows the user to

define the consequence of the expressions being satisfied. As illustrated in FIG. 5E, the

consequence of all of the expressions in area 545 being satisfied (as indicated by selection of the

radio button 555a) is a change in the T2 and DModX threshold for triggering a fault condition.

As illustrated, the "DModX Warning" has a value of 1, which is increased to a "DmodX Alarm"

of 2 upon satisfaction of the expressions. Similarly, the "T2 Warning" value of 1 is increased to

a "T2 Alarm" of 2 upon satisfaction of the expressions. Other consequences include, for

example, generating a new model based on data acquired for specific wafers. In such an

example, the user can specify that the previous n wafers (or batches or lots) are used to generate

a model or that the next m wafers (or batches or lots) are to be used to generate a model.

Another example of a consequence of an expression being satisfied is the generation, display,

transmission, receipt, or retention of a special message indicating the expression or condition is

satisfied. Yet another example of a consequence is an instruction to not transmit (or to transmit)

an identification of a fault condition. Such an example might occur when an operator is aware

that a particular wafer or batch would trigger a fault condition, based on the selected expressions,

due to, for example, processing of a first batch after preventive or periodic maintenance. Other

consequences will be apparent to those of skill, based on the particular user's application for the

invention. Upon the user specifying the name of the new condition, the expressions included in

the new condition (along with the values in area 540), the triggering event (in area 555), and the

consequence of the condition, the user selects the "Save" button 565. Upon selection of the

"Save" button 565, the data and condition are saved and the "Conditions" tab 505 is displayed as

depicted in FIG. 5F.

[0085] FIG. 5F depicts the screen 500 of FIG. 5A with the newly-created "NewCondition

Name" added to the list 515 of Conditions in the "Conditions" tab 505. A user can associate

conditions with a model, as discussed above. For example, the user can associate data or

parameters from any of the available entries for "Tool," "Chamber," "Recipe," or "Model"

available in the "Condition is associated with:" window 520 by selecting the "Associate" button

524. In some embodiments, wafers can be selected automatically for updating or generating a

model based on the conditions of the model. When the user selects the "Associate" button 524,

the condition association process (not shown) is activated, which associates data from particular

tools, chambers, recipes, and/or models with the condition. During wafer processing, data from



the particular tool, chamber, or recipe is analyzed, and when the user-defined expression within

the condition is satisfied, the consequence is implemented.

[0086] In some embodiments, the user selects the "Annotation" button 575, which opens

an "Annotation" window 580, depicted in FIG. 5G. The "Annotation" window 580 allows the

user to specify in plain text information in the "Annotation:" field 585 about the particular

condition, for example, when the condition is appropriate to use, condition triggers that generate

or update a model, or other information. Upon the user selecting the "OK" button 590 in the

"Annotation" window 580, the plain text information is associated with the condition and saved.

[0087] FIG. 6 is a data flow diagram 600 for a system embodying the invention. The

diagram 600 includes a user 605 providing data about a set of conditions 610 to a database 615

via a first process 620. The set of conditions 610 can be provided, for example, using the user

interface depicted in FIGS. 5A-5G. Other user interfaces or visual editors can be used to

construct or otherwise specify the set of conditions 610 can also be used without departing from

the invention. The set of conditions 610 can be understood, in some embodiments, as a "rule

text" that is constructed via a software algorithm or process.

[0088] In some embodiments, the database 615 (or a database manager application (not

shown)) can store and retrieve any of the set of conditions 610. Data is associated with the set of

conditions to form a data file 625 called "Association & Condition" via a second process 630.

For example, data from or about a tool, chamber, recipe, or model can be associated with the set

of conditions to generate the data file 625. An exemplary process for generating the data file is

depicted in FIG. 5F. In some embodiments, the structure or content of the data file 625 is

determined using a multivariate analysis. The database can be used to configure portions of the

multivariate analysis to update or modify the process by which conditions are associated with

tools, chambers, recipes, or models (e.g., sometimes called the "association structure").

[0089] The second process 630 also involves communicating the data file 625 to a

Multivariate Fault Detection and Classification ("MFDC") module 635. In some embodiments,

the MFDC module 635 is included in the system 100 of FIG. 1. In some embodiments in which

the database 615 modifies the association structure, the MFDC module 635 processes data using

the modified association structure. The data file 625 is used by the MFDC module 635 to form a

set of rules 640 that associated with the set of conditions 610 via, for example, a "rules engine"

(not shown). The rules engine converts the data file from conditions and associations to rules

usable by other modules in the system. For example, the set of rules 640 defines the parameters

representative of a particular condition of the set of conditions 610 being satisfied. Data from

the processing facility (e.g., the processing facility 115 of FIG. 1) can be assembled as a set of



facts 645. The set of rules 640 and the set of facts 645 are communicated to a condition

processor 650 via a third process 655.

[0090] Based on the set of facts 645, the condition processor 650 determines whether a

rule from the set of rules 640 has been satisfied (e.g., whether a particular user-specified

condition has been met). The condition processor 650 communicates a signal 660 to the MFDC

module 635 via a fourth process 665. Based on the signal 660, the MFDC module 635 can

perform an action 670 (e.g., "Take action") via a fifth process 675. In some embodiments, the

action 670 involves generating a new model or updating an existing model, for example, as

discussed above using a template and data acquired during the manufacturing process. Updating

a model involves, for example, changing or adjusting parameter values, for example, to account

for limits imposed by particular conditions. In some embodiments, the action 670 involves not

changing the model being used. In some embodiments, the MFDC module 635 can identify or

mark data (e.g., wafers) that satisfy a particular condition or rule for subsequent display via a

user interface (e.g., via the user interface depicted in FIGS. 3A-3C).

[0091] FIG. 7A is a flow chart 700 illustrating a process for generating a new model or

updating an existing model from a template, according to an illustrative embodiment of the

invention. The process involves retrieving a previously-created model (step 704). In some

embodiments, the previously-created model is retrieved from a data storage or database. The

previously-created model can also be retrieved from a cache or "basket" when, for example, the

user has a selected the desired model and/or desired wafers to be used for generating the new

model or updating the model. After the previously-created model is retrieved, a template is

generated from the model (step 708). The template includes information from the model (e.g.,

the values for process variables or physical parameters associated with a manufacturing process).

[0092] During a manufacturing process, process variables are monitored (step 712). The

particular process variables can be user-selected. In some embodiments, the particular model or

template determines which process variables are monitored. For example, when the model

specifies a value for a particular process variable, data associated with that variable is monitored

during the manufacturing process. Additionally, variables that are not specified in the model can

also be monitored so that, for example, a new or updated model can account for the previously-

unspecified variables. The monitored data can be pre-processed prior to further analysis. In step

716, the monitored data and the parameters specified in the model are analyzed using a statistical

analysis process. In some embodiments, the statistical analysis process involves a multivariate

statistical analysis such as, for example, a Hotelling-type analysis, a DModX-type analysis, a

principal component analysis-type analysis, a weighted moving average-type analysis (including



an exponential weighted moving average-type analysis), or combinations thereof. For example,

in some embodiments, the monitored data is analyzed using both the Hotelling-type analysis and

the DModX-type analysis.

[0093] The process also involves a determination, based on the analysis of the monitored

variables and the parameters of the model, whether a condition has been satisfied (step 720).

Where a condition has not been satisfied, no new model is generated and the model in use is not

updated (step 724). For example, step 724 occurs when monitored data associated with the

processed wafer falls within an acceptable limit (e.g., the data conforms to the values specified in

the model). In some embodiments, step 724 occurs when the monitored data associated with the

processed wafer falls outside an acceptable limit (e.g., the data does not conform to the values

specified in the model).

[0094] If the condition is satisfied, the process proceeds to step 728, which involves a

determination about whether to generate a new model or update the previously-generated model.

In some embodiments, a new model is generated based on the result of the statistical analysis

(steps 716-720). In some embodiments, when a multivariate analysis of the monitored data

results in a value that exceeds a threshold value, a new model is generated (step 736) because,

for example, the monitored data may significantly differ from the model in terms of actual values

of physical parameters. In particular, the new model can be used when a new process tool or

chamber is used that is similar in operation or processing to already existing process tools or

chambers, or process tools or chambers with known or previously-generated models.

[0095] In step 732, the previously-generated model is updated based on the template and

the monitored data. For example, where the monitored data differs, but not significantly, from

the model, and the variables monitored are specified in the model, the model is updated by

updating the parameter values the model specifies. The updated model can, for example, reflect

changed conditions within the particular processing tool or chamber. The changed conditions

can result from, for example, preventive or periodic maintenance performed on the processing

tool or chamber or based on the passage of time and the number of wafers processed exceeding a

specified value. In step 740, the updated model (step 732) or the new model (step 736) is stored

in a data storage (e.g., a database, cache module, or a basket).

[0096] FIG. 7B is a flow chart 752 illustrating a process for determining whether a

threshold condition is satisfied. The process illustrated in FIG. 7B can be, for example, carried

out during step 720 and/or step 716 in FIG. 7A. In step 756, process variables are acquired (e.g.,

from the outputs 125 or the data acquisition module 130 shown in FIG. 1). The process variable

data is then pre-processed (step 760) for further analysis. In some embodiments, step 760 is



optional or omitted. Examples of pre-processing data includes framing, performing data

reduction, weighting, scoring, buffering, multiplexing, formatting, or translating the data.

[0097] The process also involves selecting a type of multivariate analysis to perform on

the acquired data (step 764). The type of multivariate analysis selected can be determined by a

user (e.g., via the user interface 110 of the system 100 of FIG. 1) . The multivariate analysis type

selected can also be determined automatically (e.g., based on the parameters of the model and/or

template). A s illustrated, four types of multivariate analysis are available for selection in step

768: a Hotelling-type analysis (768a), a DModX-type analysis (768b), a principal component

analysis-type analysis (768c), and a weighted moving average-type calculation (768, illustrated

as an exponential weighted moving average-type calculation). Other types of multivariate

analyses can be selected, if appropriate, based on the user's preference, the data collected, and/or

the type of process tool, chamber, or recipe from which data is collected.

[0098] In some embodiments, the type of multivariate analysis is selected based on the

type of data or the pre-processed data. For example, if insufficient data (or insufficiently

grouped data) exists to perform a DModX-type calculation, a DModX calculation is not selected.

Similarly, if the data is not suitable for or amenable to Hotelling-type analyses, principal

component-type analyses, or exponentially weighted moving average-type analyses, such

analyses are not selected. In step 772, a threshold value is selected based on the type of

multivariate analysis selected in step 768. For example, if the Hotelling-type analysis (768a) is

selected, a T reshold score is selected, having a particular value. If the DModX-type analysis

(768b) is selected, a DModXthreshoid score is selected, having a particular value. DModX threshoid

can have the same value as T reshold? ut is not required to. The threshold value can be selected

by the user or automatically (e.g., by the model 135 or template 150 in FIG. 1).

[0099] After the threshold value is selected, in step 776, the multivariate analysis is

performed on the acquired data, and a score or multivariate analysis value is generated based on

the multivariate analysis selected. For example, for a Hotelling-type analysis (768a), a T2 score

is generated. After the multivariate analysis value is generated, the value is compared to the

threshold value for the particular multivariate analysis type. If the generated score exceeds the

threshold value (step 784), then the threshold condition is satisfied (e.g., illustrated in step 728 of

FIG. 7A). If the generated score does not exceed the threshold value (step 788), the threshold

condition is not satisfied (e.g., illustrated in step 724 of FIG. 7A). It will be understood that the

score exceeds the threshold value is based on the circumstances of the particular calculation. For

example, in some embodiments, the score exceeds the threshold value when the score is greater

than or equal to the threshold value (e.g., where the threshold value is an upper limit or



boundary). Moreover, the score can exceed the threshold value when the score is below the

threshold value (e.g., where the threshold value is a lower limit or boundary)

[00100] In some embodiments, multiple types of multivariate analysis are selected in step

768 as a group (e.g., a Hotelling-type analysis (768a) and a DModX-type analysis (768b)). In

such embodiments, by way of example, a threshold condition can be satisfied if the value or

score resulting from any one of the multivariate analyses (e.g., either the T score or the DModX

score) exceeds a threshold value associated with the particular multivariate analysis of the group

selected (e.g., Threshold or DModXthreshoid, respectively). As an additional example, a threshold

condition can be satisfied when the value resulting from each of the multivariate analyses (e.g.,

both the T2 score and the DModX score) exceeds the threshold value associated with the

particular multivariate analysis selected (e.g., Threshold or DModXthreshoid, respectively). In yet

another embodiment, a threshold condition is satisfied when the value resulting from more than

one but less than all of the multivariate analyses exceeds a threshold value associated with the

particular multivariate analysis selected.

[00101] The above-described techniques can be implemented in digital electronic circuitry,

or in computer hardware, firmware, software, or in combinations of them. The implementation

can be as a computer program product, e.g., a computer program tangibly embodied in an

information carrier, e.g., in a machine-readable storage device or in a propagated signal, for

execution by, or to control the operation of, data processing apparatus, e.g., a programmable

processor, a computer, or multiple computers. A computer program can be written in any form

of programming language, including compiled or interpreted languages, and it can be deployed

in any form, including as a stand-alone program or as a module, component, subroutine, or other

unit suitable for use in a computing environment. A computer program can be deployed to be

executed on one computer or on multiple computers at one site or distributed across multiple

sites and interconnected by a communication network.

[00102] Method steps can be performed by one or more programmable processors

executing a computer program to perform functions described herein by operating on input data

and generating output. Method steps can also be performed by, and apparatus can be

implemented as, special purpose logic circuitry, e.g., an FPGA (field programmable gate array)

or an ASIC (application-specific integrated circuit). Modules can refer to portions of the

computer program and/or the processor/special circuitry that implements that functionality.

[00103] Processors suitable for the execution of a computer program include, by way of

example, both general and special purpose microprocessors, and any one or more processors of

any kind of digital computer. Generally, a processor receives instructions and data from a read-



only memory or a random access memory or both. The essential elements of a computer are a

processor for executing instructions and one or more memory devices for storing instructions and

data. Generally, a computer will also include, or be operatively coupled to receive data from or

transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,

magneto-optical disks, or optical disks. Data transmission and instructions can also occur over a

communications network. Information carriers suitable for embodying computer program

instructions and data include all forms of non-volatile memory, including by way of example

semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices; magnetic

disks, e.g., internal hard disks or removable disks; magneto-optical disks; and CD-ROM and

DVD-ROM disks. The processor and the memory can be supplemented by, or incorporated in

special purpose logic circuitry.

[00104] The terms "module" and "function," as used herein, mean, but are not limited to, a

software or hardware component which performs certain tasks. A module may advantageously

be configured to reside on addressable storage medium and configured to execute on one or more

processors. A module may be fully or partially implemented with a general purpose integrated

circuit ("IC"), FPGA, or ASIC. Thus, a module may include, by way of example, components,

such as software components, object-oriented software components, class components and task

components, processes, functions, attributes, procedures, subroutines, segments of program code,

drivers, firmware, microcode, circuitry, data, databases, data structures, tables, arrays, and

variables. The functionality provided for in the components and modules may be combined into

fewer components and modules or further separated into additional components and modules.

Additionally, the components and modules may advantageously be implemented on many

different platforms, including computers, computer servers, data communications infrastructure

equipment such as application-enabled switches or routers, or telecommunications infrastructure

equipment, such as public or private telephone switches or private branch exchanges ("PBX").

In any of these cases, implementation may be achieved either by writing applications that are

native to the chosen platform, or by interfacing the platform to one or more external application

engines.

[00105] To provide for interaction with a user, the above described techniques can be

implemented on a computer having a display device, e.g., a CRT (cathode ray tube) or LCD

(liquid crystal display or other flat-screen) monitor, for displaying information to the user and a

keyboard and a pointing device, e.g., a mouse or a trackball, by which the user can provide input

to the computer (e.g., interact with a user interface element). Other kinds of devices can be used

to provide for interaction with a user as well; for example, feedback provided to the user can be



any form of sensory feedback, e.g., visual feedback, auditory feedback, or tactile feedback; and

input from the user can be received in any form, including acoustic, speech, or tactile input.

[00106] The above described techniques can be implemented in a distributed computing

system that includes a back-end component, e.g., as a data server, and/or a middleware

component, e.g., an application server, and/or a front-end component, e.g., a client computer

having a graphical user interface and/or a Web browser through which a user can interact with an

example implementation, or any combination of such back-end, middleware, or front-end

components. The components of the system can be interconnected by any form or medium of

digital data communications, e.g., a communications network. Examples of communications

networks, also referred to as communications channels, include a local area network ("LAN")

and a wide area network ("WAN"), e.g., the Internet, and include both wired and wireless

networks. In some examples, communications networks can feature virtual networks or sub¬

networks such as a virtual local area network ("VLAN"). Unless clearly indicated otherwise,

communications networks can also include all or a portion of the PSTN, for example, a portion

owned by a specific carrier.

[00107] The computing system can include clients and servers. A client and server are

generally remote from each other and typically interact through a communications network. The

relationship of client and server arises by virtue of computer programs running on the respective

computers and having a client-server relationship to each other.

[00108] Various embodiments are depicted as in communication or connected by one or

more communication paths. A communication path is not limited to a particular medium of

transferring data. Information can be transmitted over a communication path using electrical,

optical, acoustical, physical, thermal signals, or any combination thereof. A communication path

can include multiple communication channels, for example, multiplexed channels of the same or

varying capacities for data flow.

[00109] Multiple user inputs can be used to configure parameters of the depicted user

interface features. Examples of such inputs include buttons, radio buttons, icons, check boxes,

combo boxes, menus, text boxes, tooltips, toggle switches, buttons, scroll bars, toolbars, status

bars, windows, or other suitable icons or widgets associated with user interfaces for allowing a

user to communicate with and/or provide data to any of the modules or systems described herein.

[00110] The invention has been described in terms of particular embodiments. The

alternatives described herein are examples for illustration only and not to limit the alternatives in

any way. The steps of the invention can be performed in a different order and still achieve

desirable results.



CLAIMS

1. A computer-implemented method for creating a new model , the method comprising:

generating a template from a previously-created model that specifies a first set of

parameters associated with a manufacturing process;

monitoring one or more variables associated with the manufacturing process;

analyzing the one or more monitored variables and the first set of parameters according

to a multivariate statistical analysis; and

creating, upon any of the one or more variables satisfying a threshold condition, the new

model based on the template and the one or more variables.

2. The method of claim 1, further comprising generating a second template from the new

model.

3. The method of claim 1, further comprising creating a second new model from the

template when any of the one or more variables satisfy a second threshold condition.

4. The method of claim 1, wherein the one or more variables to be monitored are specified

by a user.

5. The method of claim 1, wherein the threshold condition is specified by a user.

6 . The method of claim 1, wherein any of the one or more variables satisfying the threshold

condition triggers creating the new model.



7. The method of claim 1, wherein the one or more variables comprise time, occurrence of

periodic or preventive maintenance, a result of metrology verification, a number of wafers

processed, or any combination thereof.

8. The method of claim 1, wherein the one or more variables satisfy the threshold condition

when the multivariate statistical analysis of the one or more variables results in a value that

exceeds a threshold value.

9. The method of claim 8, wherein the multivariate statistical analysis involves a Hotelling-

type calculation, a DModX-type calculation, a principal component analysis-type calculation, a

weighted moving average-type calculation, or any combination thereof.

10. The method of claim 1, wherein creating the new model further comprises:

modifying the first set of parameters of the previously-created model based in part

on the template and the value of the one or more variables monitored during the manufacturing

process satisfying the threshold condition.

11. The method of claim 10 wherein modifying the first set of parameters comprises

specifying a second set of parameters or changing one or more values of each of the first set of

parameters.

12. The method of claim 1, wherein the new model specifies parameters for a process tool,

chamber, or recipe from which the one or more variables were monitored or for a second process

tool, chamber, or recipe.



13. A multivariate analytical system comprising:

a processor;

a template-generating module in communication with the processor to generate a first

template based on a previously-created model that includes a first set of parameters defining at

least a portion of a manufacturing process;

a data acquisition module in communication with a processing tool to acquire or monitor

one or more variables during the manufacturing process and provide information associated with

the one or more variables to a model-generating module; and

the model-generating module to generate a new model having a second set of parameters,

the new model being generated according to a statistical analysis based on the first template and

the one or more variables upon the one or more variables satisfying a threshold condition.

14. The system of claim 13, wherein the first set of parameters comprise metrology, time,

duration of use of a process tool, number of wafers processed, occurrence of periodic or

preventive maintenance, sequence of wafers processed, or any combination thereof.

15. The system of claim 13, further comprising a basket or cache module to provide data to

the model-generating module or the template-generating module in response to a user selection

or the one or more variables satisfying the threshold condition.

16. The system of claim 13, wherein the new model comprises the previously-created model

and the second set of parameters comprises the values of the first set of parameters adjusted

based on the template and the one or more variables.



17. The system of claim 13 further comprising:

a user interface including:

(a) a first area including one or more fields available for input of information

by a user, the information corresponding to a value of a parameter of the template, and the first

area including a command portion in communication with the template-generating module for, in

response to the user selecting the command portion, issuing a command to create the template;

(b) a second area displaying one or more unique identifiers associated with

each of a set of wafers having one or more data values, the one or more unique identifiers

selectable by the user;

(c) a third area for displaying a subset of the one or more unique identifiers

corresponding to a subset of wafers selected by the user;

(d) a fourth area in communication with the model-generating module for at

least one of creating the new model or updating the previously-created model in response to the

user selecting the fourth area, wherein the new model is created or the previously-created model

is updated according to a statistical analysis based on the template and the one or more data

values associated with the subset of wafers.

18. The system of claim 17, wherein the user interface further comprises:

(e) a fifth area having one or more conditions selectable by the user; and

an analyzer module in communication with the fifth area and the model-generating

module for, upon determining that the one or more user-selectable conditions have been

satisfied, communicating a signal to the model-generating module to create the new model or

update the previously-created model.



19. The system of claim 13 wherein the statistical analysis is a multivariate statistical

analysis.

20. The system of claim 19, wherein the multivariate statistical analysis involves a Hotelling-

type calculation, a DModX-type calculation, a principal component analysis-type calculation, a

weighted moving average-type calculation, or any combination thereof.

2 1. A computer-implemented method for monitoring a manufacturing process, the method

comprising:

providing a model specifying a set of parameters associated with the manufacturing

process;

associating a user-selectable condition with the model, the condition including a set of

user-definable expressions and a user-definable consequence;

monitoring one or more variables associated with the manufacturing process;

upon any of the monitored variables satisfying at least one expression from the set of

expressions, modifying the model based on the consequence.

22. The method of claim 21, wherein the model is modified upon satisfaction of all of the set

of user-definable expressions.

23. The method of claim 21, wherein modifying the model comprises at least one of

changing an alarm limit of the model, generating a new model, updating the set of parameters

specified by the model, creating a special alarm message, determining not to trigger a fault

condition, or any combination thereof.



24. The method of claim 23, wherein changing an alarm limit of the model further comprises

changing a value of at least one of a T2-type score, a DModX-type score, a principal component

analysis-type score, a weighted moving average-type score, or any combination thereof.

25. A system for creating or updating a model of a manufacturing process according to a

statistical analysis, the system comprising:

(a) a processor means;

(b) a user interface means for allowing a user to communicate with the processor

means, the user interface means having a first area to display one or more user-selectable models

and a second area having one or more user-configurable conditions;

(c) a control means in communication with the first area of the user interface means

for determining an initial value for each of one or more parameters of a manufacturing tool based

on a particular user-selected model;

(d) an analyzer means in communication with the second area of the user interface

means for monitoring one or more output values associated with the one or more parameters of

the manufacturing tool and for determining the one or more user-configurable conditions has

been satisfied; and

(e) a model-modification means in communication with the analyzer means for

updating the model or creating a new model upon a determination that the one or more user-

configurable conditions has been satisfied, the updated or new model based in part on the user-

selected model and the one or more output values.
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