
A RECIPE-AND-COMPONENT CONTROL MODULE AND METHODS THEREOF BACKGROUND OF THE
INVENTION 00011 Advances in plasma processing have facilitated growth in
the semiconductor industry. To create semiconductor devices, a process
module has long been employed to perform substrate processing. Since
semiconductor devices are usually delicate devices that may be proned to
error, sensors may be attached to the process module to collect data for
fault detection, identification of endpoints, and/or troubleshooting.
190021 Consider the situation wherein, for example, a recipe is being
executed. in a plasma processing system. Fig. 1. shows a conceptual diagram
illustrating how sensors may interact with a process module and how the
sensors may utilize the process module for processing and coordination. A.
simplified processing environment may include a processing chamber 100
connected to a process module 102, which is connected to a plurality of
sensors (104, 106, 108, and 110), Usually, data collected by each sensor
may be uploaded to process module 102. In an example, data collected by the
various sensors may be sent to process module 102 via a network path (e.g.,
ethernet path 112). Plurality of sensors 104, 106, 108, and 110 may be
manufactured by different manufacturing companies. Accordingly, the
plurality of sensors may most likely collect data at different time domains
and may be unable to communicate with one another. 0003" In recent years,
the trend. has been moving toward a feedback type of automated process
control. Accordingly, more timely data is being required in order to detect
endpoints, perform fault detection, and to perform troubleshooting. As a
result, the number of sensors being added to the plasma processing system
has increased as more data k needed for processing. Although the increased
number of sensors may be able to provide the software controlled process
module with more data to perform its task, the increased volume of data
that may be exchanged between the sensors and the process module may
actually cause a drain on overall processing. in an example, the network
path may become congested as the sensors compete with one another to send
data to the process module. In another example, since process module 102,
whose function is to manage substrate processing, is usually not designed
to handle a massive inundation of data. coming from a plurality of sensors,
process module 102 may experience latency issue that may negatively impact
the process module's main function of controlling substrate processing.
00041 Furthemtore, process module 102 may not have he processing capability
and/or the memory capacity to handle unlimited number of sensors. In an
example, another sensor module needs to be attached to the process module
in order to provide additional detail. However, due to the processing power
limitation and the memory capacity, process module 1102 may not be able to
handle another sensor. Accordingly, process module. 102 may have to divert
its limited resources from managing substrate processing to handling the
additional sensor. In addition, latency may become a problem resulting in
the process module being unable to handle the additional strain on its
resources and may ultimately crash. 



[0005] Besides storing the data from the. plurality at' sensors, process
module 102 may also be employed to analyze the data. However, the analysis
task may not only divert limited resources from the task of managing
substrate processing, but may also require process module 102 to have
access to the various different parts of a recipe that may be stored at the
individual sensor. Unfortunately, the process module usually does not have
access to these different parts of the recipe and may be unable to do a
proper analysis of the data received. [ONO In an example, a change has been
made to the part of the recipe stored On sensor 104. In order to
accommodate the change, the engineer may have to update the different
modules (e.g., the sensor, the process module, etc.) with the change. In
the likelihood that the change may not have been accounted for in one or
more modules, the execution of the recipe may generate defective devices.
in analyzing the data to determine the problem, process module 102 may need
to be aware of the change in the recipe in order to perform a proper
analysis. If the recipe is not readily available, the process module may
either have to perform an incomplete analysis of the data or may have to
retrieve the recipe from the sensor thereby expending unnecessary
processing power to access the required data, thereby causing unnecessary
data traffic congestion on a limited network pipeline [0007] In addition,
"bad data" collected by a sensor may also impact the performance of process
module 102. In an example, sensor 106 may have been damaged and as a
result, have collected 'bad data". When the data is uploaded to process
module 102, the data may be utilized by process module 102 thereby
negatively affecting substrate processing and may even negatively impact
the other sensors. 101108.1 In addition to processing the large amount of
data that may be uploaded from the various sensors, process module 102 may
also be responsible for integrating the data and coordinating the
interaction between sensors. Each of the sensors may be uniquewith
different data collection criteria. In an example, sensor 104 may collect
data every 50 microseconds,  whereas sensor 106 may collect data every 100
microseconds. Due to the differences between the sensors, such as data
collection timing difference, the sensors are usually unable to
communication with one another and may have to employ the process module to
facilitate the exchange. Thus, the process module may be required to have
the intelligence to handle these types of request.  (0009.1 Unfortunately,
the process module may not always be able to handle the request, since the
process module may not be able to integrate the data from the different
sources. In an example, data from sensors 104 and 106 are collected at
different time interval, To be able to integrate the data such that sensor
104 may be able to utilize the data collected by sensor 106, process module
102 may need the intelligence to match up the two sets of data. However,
process module 102 may not have the processing power to handle such a
complex- operation. Also, integrating the two sets of data may be virtually
impossible given that the data. have been collected at different time
domains. 



100101 Process module 102 has been originally created to manage substrate
processing. Accordingly, process module 102 may not have the memory
resource or the processing power to handle the additional task of data
storage, data processing; data coordination, and the likes. As a result,
the processing and memory capability of process module 102 may be
stretched. As the number of sensors attached to process module 102 grows,
process module 102 may become a bottleneck as the process module tries to
accommodate the demands from the various different sensors while trying to
manage the processing chamber. Thus, the process module may begin to
experience increased latency, may be unable to react quickly to changing
execution environment, and may even experience a total shutdown. BRIEF
SUMMARY OF THE INVENTION' 100111 The invention relates, in an embodiment,
to a recipe-and component control module (KAMM). The RACCM is a server for
performing data management in a plasma processing system with a plurality
of components. The RACCM includes a plurality of intelligent agents. Each
intelligent agent of the intelligent agents is configured to interact with
each component of the plurality of components. The RACCM also includes a
coordinating agent, Which is configured to receive processed data from the
plurality of intelligent agents. 100121 The above summary relates to only
one of the many embodiments of the invention disclosed herein and is not
intended to limit the scope of the invention, which is set forth. in the
claims herein. These and other features of the present invention will be
described in more detail below in the detailed description of the invention
and in conjunction with the following figures. BRIEF DESCRIPTION OF THE
SEVERAL VIEWS OF' THE DRAWINGS 100131 1 The presentunion is illustrated by
way of example, and not by way of limitation, in 



the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in. which: 100141 Fig. 1 shows a
conceptual diagram illustrating how sensors may interact with a process
module and how the sensors may utilize the process module for processing
and coordination. 100151 Fig. 2 shows, in an embodiment of the invention, a
simplified overall architectural design of a recipe-and-component control
module (RACCM). 100161 Fig. 3 shows, in an embodiment of the invention, a
simple flow chart illustrating the steps for configuring a sensor. 100171
Fig, 4 shows, in an embodiment of the invention, a simple flow chart.
illustrating the steps for an intelligent agent to generate summary data
from cache. 1001.8] Fig, 5 shows, in an embodiment of the invention, a
simplified flow chart illustrating steps for an intelligent agent to
generate endpoints and/or fault detection data. 100191 Fig. 6 shows, in an
embodiment of the invention, a simplify flow chart illustrating e steps for
a coordinating agent to perform data. analysis. 100201 Fig. 7 shows, in an
embodiment of the invention, a simplified flow chart illustrating the steps
for distributing the recipe among the different entity of a.RACCM via a
provisional agent, 



0021.1 Fig. 8 shows, in an enibodiment of the invention, a simple flow
chart illustrating the steps for associating a component with an
intelligent anent, DETAILED DESCRIPTION OF EMBODIMENTS  00221 The present
invention will now be described in detail with reference to a few
embodiments thereof as illustrated in the accompanying drawings. In the
following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be
apparent, however, to one skilled in theart,  that the present invention
may be practiced without some or all of these specific details. In other
instances, well known process steps and/or structures have not been
described in detail in order to not unnecessarily obscure the present.
invention, [00231 Various embodiments are described hereinbelow, including
methods and techniques. It should be kept in mind that the invention might
also cover articles of manufacture that includes a computer readable medium
on which. computer-readable instructions for carrying out embodiments of
the inventive technique are stored. The computer readable medium may
include, for example, semiconductor, magnetic, opto-magnetic, optical, or
other forms of computer readable medium for storing computer readable code.
Farther, the invention may also cover apparatuses for practicing
embodiments of the invention. Such apparatus may include circuits,
dedicated and/or programmable, to early out tasks pertaining to embodiments
of the invention, Examples of such apparatus include a general-purpose
computer and/or a dedicated computing device when appropriately programmed
and may include a combination of a computer/computing device and
dedicated/programmable circuits adapted for the various tasks pertaining to
embodiments of the invention. 100241 In one aspect of the invention, the
inventors herein realized that a process module, in certain aspect, may
behave in a similar manner as a sensor. In all example, both the sensor and
the process module may collect data based on recipe parameters.
Accordingly, a separate control module may be employed to perform tasks
that the process module may have been performing for the sensors in the
prior art. Therefore, the process module may focus on perfonning its main
function of performing process control. 100251 In accordance with
embodiment of the present invention, an architectural arrangement is
provided in which a recipe-and-component control module (KAMM) performs
data management and/or recipe management for components attached to the
processing system. As discussed herein, a component refers to a
data-gathering element_ Components may include, but are not limited to,
sensors, metrology tools, and process module. Since a process module may
perform in a similar manner as a sensor in collecting data, the RACCM may
treat both the process module and the sensor in a similar manner in regard
to data management and/or recipe management. 



100261 In this document, various implementations may be discussed using
sensors as an example. This invention, however, is not limited to sensors
and may include any data-gathering element, such as a metrology tool.
Instead, the discussions are meant as examples and the invention is not
limited by the examples presented.  [0027] In an embodiment of the
invention, the RA.CCM is a modularized arrangement in which a component may
be added, removed, or modified without impacting another component. In the
prior art; each time a sensor is updated, the process module may also have
to be reconfigured to accommodate the modified sensor. Accordingly, when
the process module is being reconfigured, the other sensors, which are also
coupled to the process module, may be negatively impacted since the process
module may be unable to perform data management for the other sensors.
Unlike the prior art, updating a sensor does not negatively impact any of
the other components, especially the process module. Instead, the other
components may be oblivious of the change that may be occurring. 100281 In
another embodiment of the invention, the .RACCM may include a plurality of
agents, such as intelligent agents, a coordinating agent, and a provisional
agent, that may perform data management and/or recipe management. Thus, the
RACCM is able to distribute the workload across multiple agents. Unlike the
prior art in which the process module is performing most if not all of the
data management tasks, the distribution of the workload allows data
management to behandled quicker and more efficiently. In addition, the
RACCM may include a plurality of processors. Thus, even if one agent is
experiencing slower processing, the experience of one agent may not impact
data processing for the other agents since the agents may be on a different
processor. [0029] In another embodiment of the invention, the RACCM may be
a hierarchical architectural arrangement in that the workload may be
dispersed based on the level of the agent, In an example, the RACCM inay
include a plurality of intelligent agents. The intelligent agents may be
the lowest level of agents in that the intelligent agents interact directly
with the components in configuring the components and receiving data from
the components. In comparison, the coordinating agent may be at the highest
level. Thus, the coordinating agent may only receive summarized data from
the lower level agents in order to perform data analysis. In an embodiment,
the analysis the coordinating agent perform may generate a composite
signature that may provide instruction to the process module. Note that the
number of levels that may exist in a RACCM may depend upon how the RACCM
wants to distribute the worldoad, In an example" another level of agents
may exist between the coordinating agent and the intelligent agents to
reduce the workload Olt the intelligent agents. 100301 In yet another
embodiment of the invention, the RACCM may include a provisional agent for
performing recipe management. Note that one or more provisional agents may
be employed to perform this task, depending upon the implementation. In the
prior art, different 6 



parts of the recipe may be located at various locations, such as at the
process module, at the sensors, and the likes. Therefore, changes to a
recipe usually require a multi-steps process of physically updating the
recipe at various different locations. Unfortunately, forgetting to update
one module may negatively impact substrate processing and may even result
in defective devices, Unlike the prior art, the task of dispersing the
modified recipe to the interested entities is a simple task of employing an
editor interface to make the modification to the recipe. The modified
recipe is then sent to the process module, which may then forward the
modified recipe onward to the RACCM. Within theRAM& the provisional agent
may receive the modified recipe and may perform analysis to determine how
the recipe may be distributed. By employing the provisional agent, recipe
management may be centralized and handled automatically by one entity.
10031] In an embodiment, the provisional agent may analyze the recipe to
determine which sensor may need the parameters. Once the provisional agent
has made the determination, the provisional agent may distribute parts of
the recipes to the intelligent agents that may be associated with the
sensors. In other words, the recipe is kept at the intelligent agents and
not distributed to the components. By storing the recipe inside the RACCM,
the RACCM may easily access the recipe to perform data analysis and data
manipulation. [00321 In an embodiment of the invention, the RACCM may
offload part of the workload to the components. In the prior art, the
sensors may not be selective in uploading the data to the process module.
Unlike the prior art, the RACCM may send configuration requirements M the
components providing the condition under which data may be uploaded. With
the configuration requirements, the components may perform pre-processing
to determine if the data meet the configuration requirements. Thus, the
network is not unnecessarily congested with data that are not needed by the
RACCM. [0033.1 The features and advantages of the presentinvention may be
better understood with reference to the figures and discussions that
follow. 100341 Fig. 2 shows, in an embodiment of the invention, a
simplified overall architectural design of a recipe-and-component control
module (RACCM). A RACCM environment 200 may include a plurality of
components, such as a process module 202 and a plurality of sensors 204,
206, 208, and 210. Unlike the prior art, the various different sensor are
not coupled directly to process module 202, Instead the various different
sensors are coupled to a RACCM 212. Hence, data. are being sent to RACCM
212 instead of process module 202.  100351 Additionally, in an embodiment,
process module 202 is also coupled to RACCM 212. Unlike the prior art in
which the process module may be responsible for collecting, handling,
coordinating, and/or processing data, process module 202 in a RACCM
environment may behave similarly to a sensor in that process module 202 is
also uploading data to RACCM 212. Thus, by removing the process module from
the task of data management, the process module may focus on performing its
main task of performing process control and may have sufficient bandwidth
to respond in a timely and efficient manner to problems that may arise, 



100361 Since the process module is basically behaving in a similar manner
as the sensors, the process module, in some aspect of the invention, may
appear as another "component" to the RACCM. For ease of discussion, the
term Thomponent will be used to refer to a data -gathering element in a
plasma processing system. In an example, a component may include, but are
not limited to, process modules, sensors, and metrology tools. 100371 In an
embodiment, RACCM 212 may be a computer system, such as a server. RACCM 212
may include one or more processors for perforating data management and/or
recipe management, in an embodiment, The number of processors may depend
upon the implementation of the RAMA In an embodiment, RACCM 212 may also
include memory. The amount of memory may be expanded easily and
inexpensively given the storage requirement of the RACCM. [00381 In an
embodiment, RACCM 212 may include intelligence lot managing data nd
performing recipe management. in an example, RACCM 212 may include
intelligence for configuring the conditions for accepting incoming data
tiles, processing data, handling data requests, distributing recipes, and
the likes. Unlike the prior an in which the intelligence for processing the
data collected is handled solely by a process module, the intelligence Irr
processing the data in RACCM 212 may be distributed among the various
different agents within RA.CCM 212. In an embodiment, RACCM 212 may include
a plurality or intelligent agents (214, 216, 2(8, 220, and 222), a.
coordinating agent 246 and a provisional agent 248. By distributing the
intelligence among a plurality of entities, the workload may be
distributed, thus enabling a more efficient processing environment, As a
result, data. traffic congestion and latency may reduce resulting in a more
stable environment. 100391 In an embodiment, RAC:CM 21.2 may include
plurality of intelligent agents (214, 216, 218, 220, and 222), Each of the
intelligent agents may be associated with a component (204, 206, 208, and
210). In an example, an intelligent agent 214 is associated with a sensor
210. In an embodiment, when data is uploaded to RACCM 212, sensor 210 may
send data file along 8  paths 224 and 6 to be received by intelligent gent
214. Similarly, process module 202 may also have a corresponding
intelligent agent 222, which is configured to receive data sent by process
module 202 along paths 224 and 228. 



10040.1 In an embodiment, each of the intelligent agents (214, 216, 218,
220, and 222) may have the intelligence to send configuration requirements
to a corresponding component providing criteria for uploading data files.
In the prior art, the sensors may upload data to the process module without
pre-processing. Instead, the sensors tend to rely on the process module to
perform data analysis and manipulation. Unlike the prior art, part of the
intelligence that may have previously resided at the process module may now
be pushed down to the sensor level. In an example, the configuration
requirements as provided by the intelligent agents may provide the sensors
with the criteria for uploading data. By applying the configuration
requirements, the sensors can perform pre-processing (e.g., determine what
has changed) and provide the intelligent agents with only the data that the
intelligent agents may want, thereby reducing network congestion. [00411 In
an embodiment, an intelligent agent may send configuration requirements
directing a corresponding component to only send data at a time domain that
is less than a. process control rate. For ease of discussion, the term
"dine period" may also be employed to infer to a process control rate.
Consider the situation wherein, for example, a process control one is
determined to be at every 125 microseconds, Intelligent agent 214 may send
configuration requirements to sensor 210 instructing sensor 210 to send
data at a time domain of every 100 microseconds. Thus, intelligent agent
214 has sufficient time to receive data from sensor 210 and to process the
data before intelligent agent 214 may have to provide the data to a
coordinating agent 246, which may be configured to gather and process the
data from the various intelligent agents. [0042] By configuring the time
domain, the intelligent agent is able to control when a data tile is
received. la the prior art, to match up data tiles from each of the sensors
may be a difficult, if not impossible, task since the data files may be
collected at different time periods. However, embodiments of the invention
may require the time domain to be at least once during a time period
(process control rate). Thus, the plurality of data files that may be
received in a single time period by the various intelligent agents may be
matched in order to allow easier data sharing and more comprehensive
analysis. 10043f How often intelligent agents may request a data tile may
be individually programmed. In an example, sensor 210 may collect data
every 50 microseconds. In an embodiment, an intelligent agent may request
that a sensor upload data files as the data tile is generated. In an 9  



example, intelligent agent 214 may opt to collect data as sensor 210
receives the data. In other words, sensor 210 may send an updated data file
to intelligent agent 214 every 50 microseconds. 100441 In another
embodiment, an intelligent agent may request for a. data file based on a
multiplier. In an example, sensor 208 may collect data every 25
microseconds. Thus, for each time period (process control rate of 110
microseconds), sensor 208 may generate at least 4 sets of data files.
Intelligent agent 216 may configure sensor 208 to only send data in a
multiplier of 2 (e.g., every 55 microseconds). Therefore, sensor 208 may
only send two data. files, instead of the 4 data files that may have been
collected. For example, at every 55 microseconds, sensor 208 may send to
intelligent agent 216 the most updated data tile that has been generated.
11.10451 In yet another embodiment, the intelligent agent may only collect
once every time period. In an example, intelligent agent 214 may collect
data every 100 microseconds. Any additional data files that may have been
collected by sensor 210 may be disregarded by intelligent agent 214. In an
embodiment, intelligent agent 214 may be unaware that additional data files
may have been generated since intelligent agent 214 is only concerned about
receiving a data. file at every 100 microseconds. By controlling the time
domain, data traffic congestion along the network path may be managed. In
addition, by collecting data only when needed, processing power required to
process each of the data files received from the components may he
minimized. Thus, latency may be significantly reduced an.d network may
become more reliable. 10046] Besides sending configuration requirements
with timing instruction, the intelligent agents may also send configuration
requirements to the components with aitetia defining the conditions for
sending a data file. In an example, intelligent agent 214 may define
minimum and maximum range for the parameters that are collected by sensor
210, For example, intelligent agent 214 may direct sensor 210 to only send
a new data file if a parameter is outside a specific range. Accordingly, as
long as the data being collected for the parameter is within the specific
range, no new data file will have to be uploaded to intelligent agent 214.
[00471 By defining the conditions under which a new data file may be
uploaded, the intelligent agent is ableio minimize data traffic congestion
along the network path (e.g., path 224). Also,      igent agent is also
able to reduce overhead cost, such as unnecessary memory usage and
processing power usage for storing and processing data, that may provide
little or no contribution to overall data analysis.  10048.1 In an
embodiment, the most recent data file received by an intelligent agent may
be stored in a cache (230, 232, 234, 236, and 238) located in each
intelligent agent In another embodiment, the cache may store one or more
data files (the most recent data -files and a number of past data files).
By having the data files stored in a cache, the data files are readily
available for analysis and/or for sharing with the other agents (e.g.,
intelligent agents, coordinating agent, provisional agent, and the likes).
In an example, by employing a cache, an intelligent agent is able to
provide data to a requesting entity even if no new data has been uploaded. 



1:00491 In an embodiment,one data file has been received during a time
period, only the most recent data tile is shared. In an example, sensor 208
had sent two set of data files to intelligent agent 21.6, data stream a and
data stream I), with data stream b being the newest data stream. When
coordinating agent 246 requests a data file from intelligent agent 216,
intelligent agent 216 may share the most recent data file (data stream b)
with coordinating agent 246. [0050.1-RACCM 212 may also include provisional
agent 248, which may be employed to accept the various different recipes
and disperse the recipe among the various intelligent agents. Consider the
situation wherein, for example, a recipe has been modified. instead of
manually updating the recipe at the various different sensors and process
module, the recipe may be modified at a single centralized area The updated
recipe may be uploaded to a host, which may then share the updated recipe
with process module 202. In an embodiment the process module may copy the
portion of the recipe that is relevant to the processing model. In another
embodiment, the process module may opt not to store any portion of the
updated recipe. Regardless, the. process module may then forward the
updated recipe to provisional agent 248. [00511 Provisional agent 248 may
review the recipe and distribute different part. of the itcipe to the
various agents (e.g., intelligent agents and/or coordinating agent). For
example, the recipe may include different parameters. Each of those
parameters may be relevant to one or more of the sensors. Provisional agent
248 may have the intelligence to determine which intelligent agent may need
which part of the updated recipe. With provisional agent 248, recipe may be
updated once and automatically distributed among the various agents. 100521
Instead of storing the recipe at the different components (sensors,
metrology tools, and/or process module), the recipe is now distributed
across the agents. Unlike the prior art, the recipe is readily available to
the intelligent agents in order to enable the intelligent agents to 11
perform a comprehensive data analysis. In an embodiment, the coordinating
agent may include a high level copy of the entire recipe in order to
facilitate data analysis. In an example, the portion of the recipe that may
be stored at each intelligent agent may include the entire txntion of the
recipe that pertains to the sensor that may be associated with the
intelligent agent. Since the coordinating agent does not need the details
that the intelligent agents may need, the recipe that may be stored at the
coordinating agent may include only portions of the recipe that may define
how each parameter may relate to one another for recipe execution, in an
example. 



190531 In an embodiment, each intelligent agent may have elligence for
performing different data-related tasks, such as data summarizing, endpoint
detection based on the recipe stored on the intelligent agent, fault
detection, and the likes. In an example, once a data file has been
received, the intelligent agent may perform data analysis to create a
signature data that may summarize the data that has been collected for a
particular time period. For example, based on a data file received and the
recipe stored at intelligent agent 214, an endpoint has been detected. By
assimilating the various data points, the intelligence agent may create a
signature data that the intelligent agent may share, in an embodiment, each
intelligent agent shares its signature with a coordinating agent. in an
example, coordinating agent 246 may be configured to receive a signature
data from each intelligent agent at each time period. [00541 Accordingly,
the intelligence that is distributed at the various intelligent agents may
perform the analysis and provide the data that the coordinating agent may
need. in an embodiment, upon receiving the plurality of signatures, the
coordinating agent may analyze the various different data signatures based
on the recipe stored at the coordinating agent to generate a composite
signature. The composite signature may be shared with the components that
may need the data. In an embodiment, the coordinating agent may perform
action based on the composite signature. 100551 Since the coordinating
agent is not overwhelmed with the plethora of data that ma be uploaded to
the RACCIVI, the coordinating agent is able to focus an data that is needed
to determine the overall execution state of a recipe. As a result, the
coordinating agent is able to respond quickly to potential problems. In an
example, based on the set of signatures received from the intelligent
agents, coordinating agent 246 is able to perform data analysis against the
recipe stored at the coordinating agent level to generate a composite
signature that indicates a problem may exist in the current substrate
processing. Thus, coordinating agent 246 may be able to respond quickly by
sending a stop execution message to process module 202.  [0056] If the
composite signature requires an immediate action from the process module, a
dedicated channel, such as a dedicated channel 240, is provided to
facilitate communication between coordinating agent 246 and process module
202. A dedicated channel may enable the coordinating agent to quickly
notify the process module without having to deal with the potential traffic
congestion on the common network path (e.g., path 224). In an embodiment,
coordinating agent 246 may communicate with process module 202 along the
common network path (path 224) if an immediate action from process module
202 is not required. 100571 In an embodiment, the coordinating agent may
also be employed to coordinate the sharing of data among the various
intelligent agents. In an example, intelligent agent 214 may need data
stored by intelligent agent 216. To request for the data, the intelligent
agents may communicate with one another. However, if the data being
requested is coming from a plurality of intelligent agents, retrieving the
plurality of data from the coordinating agent instead of individually
coordinating with the different intelligent agents may be more efficient
[0058] In yet another embodiment, the coordinating agent may also be
employed to retrieve data that may be needed for performing
troubleshooting. In an example, coordinating agent 246 may be connected to
a computer system 244 that is employed for performing troubleshooting. When
data is needed by troubleshooting computer system 244, a request may be
sent to coordinating agent 246 via a path 250. Coordinating agent 246 may
retrieve the requested data and send the data to the troubleshooting
computer System. 100591 As shown in Fig, 2, RACCM is a control module that
is capable of handling data and recipe management for a processing system.
Unlike the prior art, the process module is remove as the centralized
module for collecting, handling, and coordinating data_ Instead, the
process module in the new RACCM environment may behave like one of the
sensors in term of data and recipe management. In an embodiment, as more
sensors are needed to enable more precise processing of a substrate, the
RACCM may be modified relatively easy and inexpensively to have increased
memory capacity and increased processing power, Since the RA.CCM may
include a plurality of entities (e.g., intelligent agents, coordinating
agent, provisional agent), the workload. may be distributed so that a
single entity is not unnecessarily burdened with performing all the tasks,
By distributing workloads, data traffic congestion and latency that may
have existed in the p.tior art may be significantly reduced providing a
more stable network for data sharing and data analysis. 



[0060] Fig. 3-8 shows, in embodiments of the invention, methods for
implementing the RACCM.  [0061] Fig, 3 shows, in an embodiment of the
invention, a simple flow chart illustrating the steps thr configuring a
sensor. 10062] At a first step 302, an intelligent agent may receive the
recipe front a provisional agent. As aforementioned, the provisional agent
may perform recipe management by distributing the recipe to the entities
that may need the recipe. in an embodiment, only a portion of the recipe
may be distributed to any one particular entity. In an example, intelligent
anent 214 may only need the portion of the recipe that pertains to
parameters that sensor 210 may he associated with. 100631 At a next step
304, the intelligent agent may generate conation requirements based on the
recipe. In an ernbodiment, configuration requirements may include criteria
that define when a sensor may send data tiles to the intelligent agent. In
an example, configuration requirements may include time domain (e.g.,
instruction on how often data tiles may be sent). In another embodiment,
configmation requirements may include data conditions for sending data
files to the intelligent agent In an example, a data file may only be
uploaded if the parameters are within a specified range. (00641 At a next
step 306, the intelligent agent may communicate the configuration
requirements to the corresponding sensor. In an example, intelligent agent
214 may communicate with sensor 210 about the configuration requirements.
In an embodiment, the sensor may have the intelligence to apply the
configuration requirements to determine when a data file should be sent to
the intelligent agent. In an example, configuration requirements may
dictate that a data file be sent once every 100 microseconds. However, the
sensor may collect data every 50 microseconds, The sensor may apply the
configuration requirements and only send data files according to the
configuration requirements even thought the sensor may have collected more
often. In another example, the sensor may have collected a plurality of
data files; however, the sensor may not upload the data tiles to the
intelligent agent since the changes to the parameters may not have matched
the configuration requirements. 



100651 By managing the data files transmission via configuration
requirements, the intelligent agent in conjunction with the sensor is able
to manage data traffic on the network, Unlike the process module in the
prior art, the intelligent agent may be able to control the amount of data
that are being uploaded by the sensor; thus, unnecessary data traffic
congestion may he, significantly reduced.  100661 Fig. 4 shows, in an
embodiment of the invention, a simple flow chart illustrating the steps for
an intelligent agent to generate summary data from cache. 100671 At a first
step 402, an intelligent agent may receive data from a sensor. In an
example, intelligent agent 214 may receive data files from sensor 210. In
an embodiment, the data files being uploaded may be based on the
configuration requirements (as discussed in Fig. 3). in another embodiment,
the incoming data files may be stored in a cache. The cache may include one
or more data files. In an example, the cache may include the most recent
data file and/or a plurality of recent data files. By storing the data
files in the cache, the data files are readily available for analysis, data
manipulation, and for sharing with requesting entities (e.g., coordinating
agent, other intelligent agents, etc.). 100681 In addition, by storing data
in the cache, data latching may occur. In other words, if the sensor has
not collected new data, a new data file will not be available to be
uploaded to the intelligent agent. Thus, when a process module is
requesting for updated data from the intelligent agent, the intelligent
agent is still able to provide a data file to the process module, which is
the data file currently stored at the cache (since no new file has been
uploaded). [00691 At a next step 404, the intelligent agent may compute the
data. In an embodiment, the data computation may be based on a recipe
stored at the intelligent agent. In another embodiment, data computation
may be performed when another entity (c.g., coordinating agent) has
requested for the data. in an example, coordinating agent may require
signature data (e.g., endpoints, fault detection data, etc..) to be
computed every 125 microseconds. Thus, upon receiving the data file,
intelligent agent 214 may analyze the data received based on the recipe
stored locally in order to create a signature that may be shared with
coordinating agent 246. MON At a. next step 406, the intelligent agent may
provide the data to the requesting entity. In an example, the intelligent
agent may send signature data to the coordinating agent every 125
microseconds. in an embodiment, a data file may not be sent if an update to
the data has not occurred. in an example, intelligent agent 214 has not
received an updated data file from the sensor since the criteria for a new
data file has not been met. Thus, when intelligent agent has to provide the
updated signature to coordinating agent 244 at the next request,
intelligent agent 214 may not send an updated signature file. In an
embodiment, the coordinating agent may include an intelligence that is able
to conclude that the la& of an updated signature may indicate that the
current signature has not changed. 



100711 Unlike the process module in the prior art, one single agent is not
responsible for data. management. Instead, by distributing the intelligence
for data analysis, data manipulation, and data coordination among a
plurality of agents, the workload is distributed among many different
entities. Thus, more efficient data management may be achieved through the
coordination of multiple agents_ In addition, by having the intelligent
agents perform data management, the process module may be relieved of the
responsibility and may instead focus on the main task of managing the
process control. 100721 Fig. 5 shows, in an embodiment of the invention, a
simplified flow chart illustrating steps for an intelligent agent to
generate endpoints and/or fault detection data. [00731 At a first step 502,
an intelligent agent may receive data from a sensor. In an example,
intelligent agent 214 may receive data -files from sensor 210, As
aforementioned, the data. files being uploaded may be based on the
configuration requirements (as discussed in Fig. 3). 100741 At a next step
504, the intelligent agent may analyze the data tile to identify an
endpoint and/or fault detection. In an example, based on the recipe stored
locally, intelligent agent 214 may be able to identify an endpoint based on
the data files received, In another example) intelligent agent may analyze
the data files to perform fault detection. In an embodiment, performing
fault detection may include comparing the data. received against the recipe
stored locally at the intelligent agent. [00751 At a next step 506, the
intelligent agent may provide the endpoint and/or fault detection data to
the requesting entity. In an embodiment, the data that is sent from an
intelligent agent to a. coordinating agent may be summarized data (e.g.,
signature file, endpoints, etc.). In other words, the coordinating agent is
receiving a summary of the data that has been collected from the sensor;
thus the amount of data being sent upstream is far less because the
intelligent agent has already performed data analysis and data
manipulation. In an example, instead of sending the tbil data tiles,
intelligent agent 214 may send only the endpoint to coordinating agent 246.
100761 Upon receiving the endpoint, coordinating agent may compare the
endpoint against, the recipe that is stored 'locally. In an embodiment, the
recipe stored at the coordinating agent may include recipe that may be
stored at the plurality of intelligent agents. However, the coordinating
agent. may not store, in details, the full recipe that may be stored at
each intelligent agent. Instead, the coordinating agent may store only a
small portion such that the coordinating agent may be able to perform a
hig,h-level combination analysis. In an example, the coordinating agent may
store enough of the recipe to help the coordinating agent make a  



determination if the supposed endpoint received from intelligent agent. 214
is actually an endpoint or does the coordinating agent need to request for
more data. 100771 Unlike the prior art, the process module is not
responsible for analyzing the data to identify endpoints and/or perform
fault detection. Instead, the task may be distributed among a plurality of
agents capable of analyzing the data based on the recipe stored locally to
determine endpoint/fault detection data. Again, by distributing the
intelligence for identifying endpoints and/or performing fault detection,
the workload is distributed among many different agents. Also, data traffic
congestion on the network may be significantly reduced since the plurality
of intelligent agents is able to handle a higher volume of data than a
single process module. Thus, a more stable network environmetit may exist
and the process module may focus on the task of performing process control.
100781 Fig. 6 shows, in an embodiment of the invention, a simplify flow
chart illustrating the steps for a coordinating agent to perform data
analysis. 100791 At a first step 602, a coordinating agent may receive data
Korn a plurality of intelligent agents. in an embodiment, the data that is
being uploaded to the coordinating agent may be summarized data, such as
endpoint, fault detection data, and the likes. (00801 At a next step 604,
the coordinating agent may make a determination on whether an action is
required to be performed. In an embodiment, based on the recipe stored
locally at the coordinating agent; the coordinating agent may produce an
output. In an example, coordinating agent 246 may analyze the data being
sent by the plurality of intelligent agents to determine if one or more
endpoints may have actually been identified. In another example,
coordinating agent 246 may perform further analysis of the data based on
the recipe that is stored locally in order to produce a composite &immure.
100811 If an action is required, at a. next step 606, the coordinating
agent may perform the action, In an example, if an endpoint has been
identified, the coordinating agent may have to perform one or more actions.
For example, the coordinating agent. may have to notify the process module
about the endpoints, fn another example, the composite signature may
indicate that a. problem may exist and that the process module must cease
operation. 'In an embodiment, if the action is not ethical, the
coordinating, agent may notify the process module via the corresponding
intelligent agent. However, ilthe action is critical, the coordinating
agent may notify the process module directly via a dedicated channel, such
as dedicated channel 240.  



100821 If an action is not required, the coordinating agent may proceed
back to step 602 to continue receiving data from the plurality of
intelligent agents. 100831 Since the data being received by the
coordinating agent is a summary of the data that has been sent by the
sensors, the coordinating agent is not overwhelmed with a large volume of
data that the coordinating agent may not need to perform data analysis.
Accordingly, the coordinating agent is able to perform data analysis
quickly and is able to readily respond to any request and/or potential
problem that may be identified. Thus, the coordinating agent is able to
offload tasks from the process module, such as coordination and data
analysis. [0084] Fig. 7 shows, in an embodiment of the invention, a
simplified flow chart illustrating the steps for distributing the recipe
among the different entity of a RACCM via a provisional. agent. 10085,1 At
a first step 702, a recipe is loaded onto the process module. Consider the
situation wherein, for example, a recipe has been changed. in the prior
art, a change to a recipe may require the change to be individually updated
at different- components (e.g., at one or more sensors, at the process
module, etc.). Unlike the prior art, the change is updated at a centralized
location. The updated recipe is then uploaded onto the process module.
[00861 At a next step 704, the process module may upload the recipe to a
provisional agent. In an embodiment, process module 202 may upload the
modified recipe to the corresponding intelligent agent. In an example,
process module 202 may upload the recipe to intelligent agent 222. Upon
receiring the recipe, intelligent agent 222 may forward the recipe to
provisional agent 248. In an example, intelligent agent 222 may send the
modified recipe along a path 242 to provisional agent 248. 10087j At a nest
step 706, the provisional agent may distribute the recipe among the various
different agents within the RACCM. In an embodiment, the recipe may be
distributed based on the relationship between the agents (intelligent
agents/coordinating agent) and the components. In an example, intelligent
agent 222 is associated with process module 202. Accordingly, intelligent
agent 222 may only receive part of the recipe that is required by process
module 202.  00881 By having the recipe stored and managed by the RACCM,
recipe updates may be performed quickly. Unlike the prior art, the recipe
is updated once, thereby minimizing the risk of human error. Further, the
-task of distributing the recipe may be automated, thereby reducing the
possibility of an update not being performed on one of the components.  



Realistically, the recipe is no longer required to be distributed to the
various components since the recipe residing at the intelligent agents,
which provide the configuration requirements to the components. [0089] By
distributing the recipe across a plurality of agents within the RACCM the
recipe is available to the different entities that may have to perform data
manipulation and data analysis. in an example, intelligent agent 222 is
performing data analysis. However., to perform an accurate analysis,
intelligent agent 222 may need access to the recipe stored at intelligent
agent 214. Since the recipe is stored locally within the RACCM, intelligent
agent 222 may easily communicate with intelligent agent 214 to retrieve the
required recipe. [0090] Fig. 8 shows, in an embodiment of the invention, a
simple flow chart illustrating the steps for associating a component with
an intelligent agent. 100911 At a First step 802, a component is attached
to a processing system. Consider the situation wherein, for example, a new
sensor has been attached to a processing system. In an embodiment, a sensor
may announce its presence when the sensor is first connected to a RACCM.
The presence of the new sensor may be made known to the RACCM by at least
three different methods. 00921 At a next step 804, the method determines
whether or not the component. notifies the RACCM. In an embodiment, a
component may send a reporting data package to the RACCM. In an example, a
sensor 210 may send a. reporting data package to RACCM 212. The reporting
data package may include profile data about the sensor. [00931 At a next
step 808, the RACCM may activate an intelligent agent. Upon receiving the
reporting data package. RACCM, 21.2 may analyze the reporting data. package
to identify the sensor that wants to continence communication. In an
embodiment. RACCM may include a plurality of intelligent agents even though
one or more of the plurality of intelligent agents may remain inactive. In
an example, a RACCM may include 100 intelligent agents, each of the
intelligent agents is inactive until a sensor has been connected to the
RACCM. 10094) In an embodiment, the RACCM may activate an intelligent agent
and associate that intelligent agent with the requesting sensor. In an
embodiment, the intelligent agent classes may be loaded into RAC.CM at
startup. When a sensor first announces its presence, the RACCM will
instantiate an intelligent agent object from the associated intelligent
agent class. Once the intelligent agent object is instantiated, the
intelligent agent may begin initiating the communication sequence to the
targeted sensor.  



100951 In an example, intelligent agent 214 tiny remain inactive until
RACCM 212 has assigned intelligent agent 214 to sensor 210. In an
embodiment, once an intelligent agent has been activated, a provisional
agent may send recipe that may be associated with the new sensor. :In an
example, sensor 210 has been added to the processing system. About the same
time, the recipe may have been modified to account for new parameters that
sensor 210 will be collecting data. The modified recipe may have been
loaded onto provisional agent 248, which may then distribute to intelligent
agent 214 the recipe portion that may relate to sensor 210. 100961 At a
next step 810, the intelligent agent may send configuration requirements to
the component. In an example, once intelligent agent 214 has been
activated, intelligent agent may proceed with sending configuration
requirements (e.g., time domain, data stream conditions, etc.) to sensor
210. Since the intelligent agent has already been pre-loaded into the
RACCM, a sensor may have plug-and-play capability in that the sensor may be
activated almost immediately when the sensor connects to the processing
system_ 100971 Referring back to step 804, if the component is not capable
of automatically announcing its presence to the RACCM, then at a next step
806, a human user may notify the RACCM. In an example, a technician has
connected sensor 210 to a processing system. 1009$1 At a next step 808, the
RACCM may activate an intelligent agent. In an example, the technician may
download an intelligent agent that may correspond with the sensor onto
KACCM 212 in order to enable RACCM 212 to communicate with sensor 210. In
an example, intelligent agent 214 may be downloaded to RACCM 212. In other
words, if the component is not capable of automatically announcing its
presence to the RACCM, the technician may manually instantiate an
intelligent agent object from the associated intelligent agent class. Once
the intelligent agent object is instantiated, it 'vill initiate the
communication sequence to the targeted sensor. [00991 Similar to above
(step 810), once the intelligent agent 214 has been intelligent agent may
proceed with sending configuration requirements (e.g., time domain, data
stream conditions, etc.) to sensor 210. Advantageously, by only maintaining
active intelligent agents, the memory requirement for the RACCM may be
minimized. 1001001Referring back to step 806, if human intervention does
not occur, then the RACCM may perform self-discovery, at a next step 812.
Consider the situation wherein, for example, a new sensor has been
connected to the processing system. However, the sensor may not have the
capability to send a self-reporting data package and no human intervention
may 



have occurred. In an example, sensor 210 has been added to the processing
system. 1ev ever, sensor 210 has no way of announcing its presence to RACCM
212. 1001011In an embodiment, the RACCM may have a self-discovery feature
that may enable the RACCM to periodically check the processing system to
determine if a change (e.g., new sensor, change to the processing system,
etc.) has occurred. ln another embodiment, the self-discovery feature may
include an interrupt event that may be employed to notify the KAMM when a
chancre has occurred to the processing system. Once the RACCM has
determined that a new sensor has been added to the processing system, the
RACCM may establish a communication with the new sensor to profile the
sensor. [00IO21 At a next step 808. once the profiling has been performed,
the RACCM may activate an intelligent agent that may correspond with the
new sensor. The intelligent agent may already reside in the It.ACCIVI, in
an embodiment. In another embodiment, the RACCM may have to download the
intelligent agent. With self-discovery, the RACCM has the versatility to
handle different types of sensors (e.g., self-reporting sensor, non
self-.reporting sensor, etc.). 1001031 As can be appreciated from the
thregoing, embodiments of the present invention substantially reduces the
burden of data management from the process module. By employing a RACCM, an
architectural arrangement is created in which the process module seemingly
becomes just another component that may benefit frciin the PACCM's
functionality. With the RACCM, latency and data traffic congestion within
the network may be significantly decreased as data management is
distributed across different agents and components. Further, a more
comprehensive data analysis may be performed as data and/or recipe are
shared among the agents. By relieving the process module from the time
consuming and complicated task of data management, the task of process
control and data management is no longer competing with one another for the
same resources. 1001041 While this invention has been described in. terms
of several preferred embodiments, there are alterations, permutations, and
equivalents, which fall within the scope of this invention. Although
various examples are provided herein, it is intended that these examples be
illustrative and not limiting with respect to the invention. MOM] Also, the
title and summary are provided herein for convenience and should not be
used to construe the scope of the claims herein. Further, the abstract is
written in a highly abbreviated form and is provided herein. for
convenience and thus should not be employed to construe or limit the
overall invention, which is expressed in the claims, If the term "set" is 



employed herein, such term is intended to have its commonly undcrstood
mathematical meaning, to cover zero, one, or more than one member. It
should also be noted that there are many alternative ways of implementing
the methods and apparatuses of the present invention, It is therefore
intended that the following appended claims be interpreted as including all
such alterations, permutations, and equivalents as fall within the true
spirit and scope of the present invention,  CLAIMS What is claimed is: 1.A
plasma processing system comprising a program storage medium, said program
storage medium having a plurality of agents embodied therein for performing
data management in said plasma processing system, said plasma processing
system having or being coupled with a plurality of components, said plasma
processing system comprising:        a plurality of intelligent agents,
each intelligent agent of said intelligent agents being configured to
interact with a component of said plurality of components, said plurality
of intelligent agents including at least a first intelligent agent and a
second intelligent agent, said plurality of components including at least a
first component and a second component, said first intelligent agent being
configured to receive first data from said first component according to a
first set of criteria, said first component being configured to collect
second data according to a second set of criteria, said second intelligent
agent being configured to receive third data from said second component
according to a third set of criteria, said second component being
configured to collect fourth data according to a fourth set of criteria,
said first set of criteria being different from said second set of
criteria, said first set of criteria being different from said third set of
criteria, said third set of criteria being different from said fourth set
of criteria, said first data being a subset of said second data, said third
data being a subset of said fourth data; 



a coordinating agent, said coordinating agent being configured to receive
processed data from said plurality of intelligent agents; and        a set
of provisional agents, said set of provisional agents being configured to
perform recipe management, said recipe management including distributing at
least part of a recipe to at least one of said plurality of intelligent
agents and said coordinating agent,        wherein said each intelligent
agent of said plurality of intelligent agents includes intelligence for
defining configuration requirements for said component of said plurality of
components, said configuration requirements including criteria for sending
a data file to said each intelligent agent of said plurality of intelligent
agents, said criteria being based on said part of said recipe being stored
locally at said each intelligent agent of said plurality of intelligent
agents.   2. The plasma processing system of claim I wherein said plurality
of components employing said condition requirements to perform
pre-processing on said data file prior to sending said data file to said
plurality of intelligent agents.  3. The plasma processing system of claim
1 wherein said each intelligent agent of said plurality of intelligent
agents includes a cache, said cache being configured to save at least a
data file in order to enable data latching.  4. The plasma processing
system of claim 1 wherein said each intelligent agent of said plurality of
intelligent agents performs data analysis of a data file to generate a
signature data, said signature data being summarized data for said data
file.  5. The plasma processing system of claim 4 wherein said coordinating
agent is configured to receive said signature data from each intelligent
agent of said plurality of intelligent agents, said coordinating agent
performing data analysis to generate a composite signature. 



6. The plasma processing system of claim 5 wherein said coordinating agent
includes intelligence for providing instruction to said plurality of
components based on said composite signature.  7. The plasma processing
system of claim I wherein said plurality of components including at least
one of a process module, a sensor, and a metrology tool.  8. The plasma
processing system of claim I wherein said plasma processing system includes
intelligence for performing self-discovery to identify changes to said
plasma processing system, said self-discovery including identifying when a
component of said plurality of components is being connected to said plasma
processing system.  9. An article of manufacture comprising a program
storage medium having computer readable code embodied therein, said
computer readable code being configured to perform data management for a
plasma processing system, comprising: code for providing a server, wherein
said server including         a plurality of intelligent agents, each
intelligent agent of said intelligent agents being configured to interact
with a component of said plurality of components, said plurality of
intelligent agents including at least a first intelligent agent and a
second intelligent agent, said plurality of components including at least a
first component and a second component, said first intelligent agent being
configured to receive first data from said first component according to a
first set of criteria, said first component being configured to collect
second data according to a second set of criteria, said second intelligent
agent being configured to receive third data from said second component
according to a third set of criteria, said second component being
configured to collect fourth data according to a fourth set of criteria,
said first set of criteria being different from said second set of
criteria, said first set of criteria being different from said third set of
criteria, said third set of criteria being different from said fourth set
of criteria, said first data being a subset of said second data, said third
data being a subset of said fourth data, and 



a coordinating agent, said coordinating agent being configured to receive
processed data from said plurality of intelligent agents,        wherein
said each intelligent agent of said plurality of intelligent agents
includes a cache, said cache being configured to include code for saving at
least a data file in order to enable data latching.  10. The article of
manufacture of claim 9 wherein said server includes a set of provisional
agents, said set of provisional agents being configured to include code for
performing recipe management, said recipe management including code for
distributing at least part of a recipe to at least one of said plurality of
intelligent agents and said coordinating agent.  11. The article of
manufacture of claim 10 wherein said each intelligent agents of said
plurality of intelligent agents includes intelligence for including code
for defining configuration requirements for said each components of said
plurality of components, said configuration requirements including criteria
for sending a data file to said each intelligent agent of said plurality of
intelligent agents, said criteria being based on said part of said recipe
being stored locally at said each intelligent agent of said plurality of
intelligent agents.   12. The article of manufacture of claim 9 wherein
said each intelligent agent of said plurality of intelligent agents
includes code for performing data analysis of a data file to generate a
signature data, said signature data being summarized data for said data
file.  13. The article of manufacture of claim 12 wherein said coordinating
agent is configured to include code for receiving a signature data from
each intelligent agent of said plurality of intelligent agents, said
signature data being summarized data for said data file.  14. The article
of manufacture of claim 13 wherein said coordinating agent includes
intelligence for performing data analysis to generate a composite
signature, said coordinating agent including code for employing said
signature data to provide instruction to said plurality of components. 



15. The article of manufacture of claim 9 wherein said server includes
intelligence for performing self-discovery to identify changes to said
plasma processing system, said self-discovery including code for
identifying when a component of said plurality of components is being
connected to said plasma processing system. 




