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comprises processing a workpiece (105) and performing a fault detection analysis relating to the processing of the workpiece (105).
The method further comprises determining a relationship of a parameter relating to the fault detection analysis to a detected fault
and adjusting a weighting associated with the parameter based upon the relationship of the parameter to the detected fault.
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FAULT DETECTION SYSTEM AND METHOD BASED ON WEIGHTED PRINCIPAL COMPONENT ANALYSIS

BACKGROUND OF THE INVENTION

1. TECHNICAL FIELD
This invention relates generally to semiconductor manufacturing, and, more particularly, to a method,
system, and apparatus for performing a process to improve fault detection reliability through feedback.

2. BACKGROUND ART

The technology explosion in the manufacturing industry has resulted in many new and innovative
manufacturing processes.  Today’s manufacturing processes, particularly semiconductor manufacturing
processes, call for a large number of important steps. These process steps are usually vital, and therefore, require
a number of inputs that are generally fine-tuned to maintain proper manufacturing control.

The manufacture of semiconductor devices requires a number of discrete process steps to create a
packaged semiconductor device from raw semiconductor material. The various processes, from the initial growth
of the semiconductor material, the slicing of the semiconductor crystal into individual wafers, the fabrication
stages (etching, doping, ion implanting, or the like), to the packaging and final testing of the completed device,
are so different from one another and specialized that the processes may be performed in different manufacturing
locations that contain different control schemes.

Generally, a set of processing steps is performed across a group of semiconductor wafers, sometimes
referred to as a lot. For example, a process layer that may be composed of a variety of different materials may be

formed across a semiconductor wafer. Thereafter, a patterned layer of photoresist may be formed across the

process layer using known photolithography techniques. Typically, an etch process is then performed across the

process layer using the patterned layer of photoresist as a mask. This etching process results in the formation of
various features or objects in the process layer. Such features may be used as, for example, a gate electrode
structure for transistors. Many times, trench isolation structures are also formed in various regions of the
semiconductor wafer to create electrically isolated areas across a semiconductor wafer. One example of an
isolation structure that can be used is a shallow trench isolation (STI) structure.

The manufacturing tools within a semiconductor manufacturing facility typically communicate with a
manufacturing framework or a network of processing modules. Each manufacturing tool is generally connected
to an equipment interface. The equipment interface is connected to a machine interface to which a manufacturing
network is connected, thereby facilitating communications between the manufacturing tool and the manufacturing
framework. The machine interface can generally be part of an advanced process control (APC) system. The
APC system initiates a control script, which can be a software program that automatically retrieves the data
needed to execute a manufacturing process.

Figure 1 illustrates a typical semiconductor wafer 105. The semiconductor wafer 105 typically includes
a plurality of individual semiconductor die 103 arranged in a grid 150. Using known photolithography processes
and equipment, a patterned layer of photoresist may be formed across one or more process layers that are to be
patterned. As part of the photolithography process, an exposure process is typically performed by a stepper on
approximately one to four die 103 locations at a time, depending on the specific photomask employed. The
patterned photoresist layer can be used as a mask during etching processes, wet or dry, performed on the
underlying layer or layers of material, e.g., a layer of polysilicon, metal, or insulating material, to transfer the

desired pattern to the underlying layer. The patterned layer of photoresist is comprised of a plurality of features,
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e.g., line-type teatures or opening-type teatures that are to be replicated in an underlying process layer. When
processing semiconductor wafers, various measurements relating to the process results on the semiconductor
wafers, as well as conditions of the processing tool in which the wafers are processed, are acquired and analyzed.
The analysis is then used to modify subsequent processes. Turning now to Figure 2, a flow chart depiction of a
state-of-the-art process flow is illustrated. A processing system may process various semiconductor wafers 105
in a lot of wafers (block 210). Upon processing of the semiconductor wafers 105, the processing system may
acquire metrology data relating to the processing of the semiconductor wafers 105 from selected wafers in the lot
(block 220). Additionally, the processing system may acquire tool state sensor data from the processing tool used
to process the wafers (block 230). Tool state sensor data may include various tool state parameters such as
pressure data, humidity data, temperature data, and the like.

Based upon the metrology data and the tool state data, the processing system may perform fault
detection to acquire data relating to faults associated with the processing of the semiconductor wafers 105 (block
240). Upon detecting various faults associated with processing of the semiconductor wafers 105, the processing
system may perform a principal componeni analysis (“PCA”) relating to the faults (block 250). Principal
component analysis (PCA) is a multivariate technique that models the correlation structure in the data by
reducing the dimensionality of the data. The correlation may take on various forms, such as correlation of
problems with the processed wafers with problems in the processing tool. The PCA may provide an indication of
the types of corrections that may be useful in processing subsequent semiconductor wafers 105. Upon
performing the PCA, the processing system may perform subsequent processes upon the semiconductor wafers
105 with various adjustments being based upon the PCA (block 260). The PCA performs an analysis to
determine whether there are abnormal conditions that may exist with respect to a tool. Upon detecting any
abnormal conditions, various signals may be issued, indicating to the operators that various faults have been
detected.

One issue associated with state-of-the-art methods includes the fact that a determination of what
constitutes an abnormal correlation may be based upon data used to build a fault detection model or a PCA model
used to perform the fault detection analysis and the PCA. Generally, the abnormal conditions detected by
performing the PCA may be statistically different from the data that may have been used to build the fault
detection or the PCA model. The term “statistically different” may mean a variety of statistical differences, such
as differences based upon population mean, variance, etc. These abnormal conditions may not be an accurate
reflection of the true manner of operation in which the tool is performing. For example, if during the
development of the fault detection model or the PCA model, the values for a pressure sensor were held within
small constraints, larger variations in the pressure during the actual processing would generally be identified as a
significant fault. The problem with this methodology is that if the larger variation of the pressure did not result in
any negative impact to the material being processed, then the fault indication may be false. In other words, if the
larger variation was still small enough that no significant impact to the process was present, a false-positive fault
indication occurs. This false-positive introduces inefficiencies and idle times in a manufacturing setting.

More recently, various efforts have been made to incorporate weighting schemes into PCA. The
weighting schemes may provide a significant difference in weight attached to various parameters, such as the
pressure. However, the problems associated with the state-of-the-art weighting schemes include the fact that
prior knowledge is required to assign a predetermined weight to a particular parameter. For example, prior

knowledge may indicate that a smaller amount of weight should be assigned to the pressure parameter during the
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PCA analysis relating to a particular process. This would reduce false indications due to variations in pressure
that may have been harmless. However, this methodology can be an inefficient, cumbersome task and, at best,
may involve guess work. Furthermore, it may not be readily clear if adjusting the weight to particular parameters
would result in improved or worsened PCA relating to a particular process.

The present invention is directed to overcoming, or at least reducing, the effects of, one or more of the
problems set forth above.

DISCLOSURE OF INVENTION

In one aspect of the present invention, various methods are disclosed for emg;loying a dynamic
weighting technique in connection with fault detection analysis. In an illustrative embodiment, the method
comprises processing a workpiece and performing a fault detection analysis relating to the processing of the
workpiece. The method further comprises determining a relationship of a parameter relating to the fault detection
analysis to a detected fault and adjusting a weighting associated with the parameter based upon the relationship of
the parameter to the detected fault.

In another aspect of the presenf invention, a method is provided for performing a dynamic weighting
technique for performing fault detection. The method comprises processing a workpiece and performing a fault
detection analysis relating to the processing of the workpiece based upon a tool state parameter being input into a
fault detection model associated with the fault detection analysis. The method further comprises determining
whether said parameter is associated with a detected fault as a result of performing the fault detection analysis
and modifying a weighting of the parameter in the fault detection model based upon a determination that the
parameter is associated with the detected fault.

In yet another aspect of the present invention, a method is provided for performing a dynamic weighting
technique for performing fault detection. The method comprises processing a workpiece and performing a fault
detection analysis relating to the processing of the workpiece based upon a tool state parameter being input into a
fault detection model associated with the fault detection analysis. The method further comprises performing a
principal component analysis (PCA) in conjunction with the fault detection analysis and determining whether the
parameter is associated with a detected fault as a result of performing the fault detection analysis and the PCA.
The method further comprises modifying a weighting of the parameter in the fault detection model based upon a
determination that the parameter is associated with the detected fault.

In another aspect of the present invention, an apparatus is provided for performing a dynamic weighting
technique for performing fault detection. The apparatus comprises a controller that performs a fault detection
analysis relating to a processing of a workpiece to determine a relationship between a parameter relating to the
fault detection analysis and a detected fault. The controller also adjusts a weighting associated with the parameter
based upon the relationship of the parameter to the detected fault.

In another aspect of the present invention, a system is provided for performing a dynamic weighting
technique for performing fault detection. The system comprises a processing tool communicatively coupled to a
controller, a metrology tool, and a tool state data sensor unit. The processing tool performs a process upon a
workpiece. The metrology tool acquires metrology data relating to the process performed on the workpiece to
provide metrology data. The tool state data sensor unit acquires tool state data. The controller performs a fault
detection analysis relating to the processing of the workpiece to determine a relationship between a parameter
relating to the fault detection analysis and a detected fault. The controller also adjusts a weighting associated

with the parameter based upon the relationship of the parameter to the detected fault.
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In yet another aspect of the present invention, a computer readable program storage device encoded with
instructions is provided for performing a dynamic weighting technique for performing fault detection. The
instructions perform a method comprising a processing tool communicatively coupled to a controller, a metrology
tool, and a tool state data sensor unit. The processing tool performs a process upon a workpiece. The metrology
tool acquires metrology data relating to the process performed on the workpiece to provide metrology data. The
tool state data sensor unit acquires tool state data. The controller performs a fault detection analysis relating to
the processing of the workpiece to determine a relationship between a parameter relating to the fault detection
analysis and a detected fault. The controller also adjusts a weighting associated with the parameter based upon
the relationship of the parameter to the detected fault.

BRIEF DESCRIPTION OF DRAWINGS

The invention may be understood by reference to the following description taken in conjunction with the

accompanying drawings, in which like reference numerals identify like elements, and in which:

Figure 1 is a simplified diagram of a prior art semiconductor wafer being processed;

Figure 2 illustrates a simplified flowchart depiction of a prior art process flow during manufacturing of
semiconductor wafers;

Figure 3 provides a block diagram representation of a system in accordance with one illustrative
embodiment of the present invention;

Figure 4 illustrates a principal component analysis matrix table, which depicts a list of tool state .
variables being correlated with data relating to various processed semiconductor wafers, in accordance with one
illustrative embodiment of the present invention;

Figure 5 illustrates a more detailed block diagram representation of a tool state data sensor unit of Figure
3, in accordance with one illustrative embodiment of the present invention;

Figure 6 illustrates a more detailed block diagram representation of a dynamic PCA weighting unit of
Figure 3, in accordance with one illustrative embodiment of the present invention;

Figure 7 illustrates a flowchart depiction'of a method in accordance with one illustrative embodiment of
the present invention; and

Figure 8 illustrates a more detailed flowchart depiction of a method of performing a dynamic PCA
weighting process, as indicated in Figure 7, in accordance with one illustrative embodiment of the present
invention.

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings and are herein described in detail. It should be
understood, however, that the description herein of specific embodiments is not intended to limit the invention to
the particular forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the appended claims.

MODE(S) FOR CARRYING OUT THE INVENTION ’

Hlustrative embodiments of the invention are described below. In the interest of clarity, not all features

of an actual implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,

which will vary from one implementation to another. Moreover, it will be appreciated that such a development
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effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

There are many discrete processes that are involved in semiconductor manufacturing. Many times,
workpieces (e.g, semiconductor wafers 105, semiconductor devices, etc.) are stepped through multiple
manufacturing process tools. Embodiments of the present invention provide for performing a dynamic
adjustment of the weighting of one or more parameters associated with fault detection and/or performing a
principal component analysis (PCA). The weighting of various parameters that may be used in a fault detection
model and/or a PCA model may be automatically determined and the weighting of the parameters may be
adjusted dynamically. For example, after a fault condition is identified by a processing system, an automatic
input or a manual input may be provided to the processing system to indicate whether the detected fault was a
significant fault or an insignificant fault. Based upon this indication, a weighting fault matrix, which contains
data correlating various tool state parameters to particular wafers, may be modified to make the detection of
similar faults more likely, or alternatively, less likely. Therefore, in multi-variate fault detection and/or PCA
models, one or more parameters that contributed to the fault condition and their relative importance to the fault
may be detected and a dynamic adjustment of the weighting of those parameters that contributed the fault may be
increased proportionally. Likewise, one or more parameters that did not significantly contribute to the fault
condition and their relative non-importance to the fault may be characterized and a dynamic adjustment of the
weighting of those parameters may be decreased proportionally. In other words, the weighting of the parameters
that were found not to have contributed to a fault may be decreased. Therefore, a stronger signal would be
required relating to those parameters to generate a fault indication.

Embodiments of the present invention provide for the ability to perform dynamic weighting adjustments
without requiring prior knowledge of which particular parameters to adjust before the fault detection and/or the
PCA model is executed. Over time, weighting of the model parameters may be modified to increase the
sensitivity of parameters that have been found to have contributed significantly to fault conditions, thereby
causing the processing system to focus process corrections to those parameters. This may have the effect of
reducing the number and/or the magnitude of faults caused by those parameters. Similarly, over time, the
weighting of the model parameters may be modified to reduce the frequency of false positive fault indications,
thereby reducing unnecessary downtime and inefficiencies during the manufacturing of semiconductor wafers
105.

Tuming now to Figure 3, a block diagram depiction of a system 300 in accordance with illustrative
embodiments of the present invention is illustrated. A process controller 305 in the system 300 is capable of
controlling various operations relating to a processing tool 3i0. The process controller 305 may comprise a
computer system that includes a processor, memory, and various computer-related peripherals. Moreover,
although a single process controller 305 is schematically depicted in Figure 3, in practice, the function performed
by the process controller 305 may be performed by one or more computers or workstations spread throughout the
manufacturing system.

Semiconductor wafers 105 are processed by the processing tool 310 using a plurality of control input
signals, or manufacturing parameters, provided via a line or network 315. The control input signals, or
manufacturing parameters, on the line 315 are sent to the processing tool 310 from a process controller 305 via
machine interfaces that may be located inside or outside the processing tool 310. In one embodiment,

semiconductor wafers 105 may be provided to the processing tool 310 manually. In an alternative embodiment,



10

15

20

25

30

35

40

WO 2006/049839 PCT/US2005/036896

semiconductor wafers 105 may be provided to the processing tool 310 in an automatic fashion (e.g., robotic
movement of semiconductor wafers 105). In one embodiment, a plurality of semiconductor wafers 105 is
transported in lots (e.g., stacked in cassettes) to the processing tools 310. Examples of the processing tool used in
semiconductor manufacturing processes may be photolithography tools, ion implant tools, steppers, etch process
tools, deposition tools, chemical-mechanical polishing (CMP) tools, and the like.

The system 300 is capable of acquiring manufacturing related data, such as metrology data, related to
processed semiconductor wafers 105, tool state data, and the like. The system 300 may also comprise a
metrology tool 350 to acquire metrology data related to the processed semiconductor wafers 105. The system
300 may also comprise a tool state data sensor unit 320 for acquiring tool state data. The tool state data may
include pressure data, temperature data, humidity data, gas flow data, various electrical data, a level of out-gas
data, and other types of data, related to operations of the processing tool 310. Exemplary tool state data for an
etch tool may include gas flow, chamber pressure, chamber temperature, voltage, reflected power, backside
helium pressure, RF tuning parameters, etzc. The tool state data may also include data external to the processing
tool 310, such as ambient temperature, humidity, pressure, etc. A more detailed illustration and description of the
tool state data sensor unit 320 is provided in Figure 5 and accompanying description below.

The system 300 may also comprise a database unit 340. The database unit 340 is provided for storing a
plurality of types of data, such as manufacturing-related data, data related to the operation of the system 300 (e.g.,
the status of the processing tool 310, the status of semiconductor wafers 105, etc.). The database unit 340 may
store parameter data relating to parameters used in fault detection and PCA models, as well as tool state data
relating to a plurality of process runs performed by the processing tool 310. The database unit 340 may comprise
a database server 342 for storing tool state data and/or other manufacturing data related to processing
semiconductor wafers 105, into a database storage unit 345.

The system 300 also comprises a fault detection unit 380, which is capable of performing various fault
detection associated with the processing tool 310 when processing the semiconductor wafers 105. The fault
detection unit 380 may comprise a fault detection model 385 that is capable of performing a modeling function
when performing the fault detection. Various parameters may be inputted into the fault detection model 385. For
example, various predetermined ranges for pressure, temperature, humidity, and/or gas flow, may be provided to
the model such that the model may assert a fault detection condition based upon the fault data received by the
fault detection unit 380. The fault detection model 385 may be a multi-variate model that performs fault
modeling based upon various parameters. In one embodiment, the fault detection unit 380 is capable of
correlating metrology data results with tool state sensor data to characterize a fault.

The system 300 may also comprise a PCA controller 360, which operates in conjunction with the fault
detection unit 380 to perform a principal component analysis in determining any abnormal conditions or faults
relating to the processing of semiconductor wafers 105. The PCA controller 360 may comprise a PCA model 365
that is capable of performing a modeling function when performing the PCA. Various paraméters and
manufacturing data may be inputted into the PCA model 365. For example, various predetermined ranges for
pre'ssure, temperature, humidity, and/or gas flow, may be provided into the model such that the model may assert
a fault condition based upon the PCA. Manufacturing data is defined to comprise various types of data including
metrology data, fault data, sensor data, and the like. A more detailed description relating to the weighted PCA

analysis in accordance with an illustrative embodiment of the present invention is provided below.
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The system 300 may also comprise a dynamic PCA weighting module 370, which is capable of
receiving data automatically and/or manually relating to information indicating whether a particular parameter
that was considered abnormal is indeed a significant factor in any detected faults. The dynamic PCA weighting
module 370 is capable of adjusting the weighting of various parameters that are analyzed by the PCA controller
360. The weighting may also affect the parameter ranges inputted into the fault detection model 385 and/or the
PCA model 365. A more detailed description of the dynamic PCA Weighting module 370 is provided in Figure 5
and accompanying description below.

Various elements of the system 300, such as the process controller 305, the fault detection unit 380, the
PCA controller 360, and the dynamic PCA Weighting module 370 may be software, hardware, or firmware
unit(s) that are standalone units or may be integrated into a computer system associated with the system 300.
Furthermore, the various components represented by the blocks illustrated in Figure 3 may communicate with
one another via a system communications line 315. The system communications line 315 may be one or more
computer bus links, one or more dedicated hardware communications links, one or more telephone system
communications links, one or more wireless communications links, and/or other communication links that may
be implemented by those skilled in the art having benefit of the present disclosure.

The Principal cdmponent analysis performed by the PCA controller 360 includes a multivariate
technique that models the correlation structure in the data by reducing the dimensionality of the data. A data

matrix, X, of n samples (rows) and m variables (columns) can be decomposed as follows:
X=X+X. @
where the columns of X are typically normalized to zero mean and unit variance. The matrices X and X are

the modeled and un-modeled residual components of the X matrix, respectively. The modeled and residual

matrices can be written as:
X=TP"and X =TP", @)
where T€ R™ and Pe R™ are the score and loading matrices, respectively, and 1 is the number of principal

components retained in the model. It follows that 7 € R™™ ™ and P € R™™ ") are the residual score and

loading matrices, respectively.

The loading matrices, P and P, are determined from the eigenvectors of the correlation matrix, R, which can be
approximated by:

RzLXTX. )
n—1

The first eigenvectors of R (corresponding to the largest eigenvalues) are the loadings, P, and the eigenvectors

corresponding to the remaining m — | eigenvalues are the residual loadings, P.

The number of principal components (PCs) retained in the model is an important factor in fault detection
with PCA. If too few PCs are retained, the model will not capture all of the information in the data, and a poor
representation of the process will result. On the other hand, if too many PCs are chosen, then the model will be
over parameterized and will include noise. The variance of reconstruction error (VRE) criterion for selecting the
appropriate number of PCs is based on omitting parameters and using the model to reconstruct the missing data.

The number of PCs, which results in the best data reconstruction, is considered the optimal number of PCs to be
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used in the model. Other, well-established methods for selecting the number of PCs include the average
eigenvalues method, cross validation, etc.

When performing PCA using weighted parameters, instead of having parameters in the columns of X
being normalized to zero mean and unit variance, the parameters in the columns are divided by a number other
than the variance of each column. In other words, parameters in the columns are divided by a number that is not
the standard deviation. This provides a weighted parameter in the columns of X. For example, if pressure
parameter is closely correlated to a fault, the column of X that defines the pressure may be divided by a value that
is not the standard deviation, thereby increasing the sensitivity of the fault analysis with respect to the pressure
parameter. On the other hand, if pressure parameter is determined to be a factor that is least likely of being
associated with a fault, the column of X that defines the pressure may be divided by yet another value that is not
the standard deviation, thereby decreasing the sensitivity of the fault analysis with respect to the pressure
parameter.

One of the calculations that are performed when performing a PCA algorithm is scaling of the data that
is fed into the PCA model 365. For example, as illustrated in Figure 4, a matrix X described‘above may contain
data in a first column relating to pressure data, a second column relating to humidity data, a third column relating
to temperature data, a fourth column relating to gas flow rate data, an so on, up to an m® column relating to
another parameter. Each row relating to the columns may indicate data relating to the condition of a
semiconductor wafer 105 in a lot; in an alternative embodiment, the rows may define various lots of
semiconductor wafers 105. The rows may comprise data relating to a first semiconductor wafer 105, a second
semiconductor wafer 105, a third semiconductor wafer 105, through an n™ semiconductor wafer 105.

The PCA model 365 may scale the parameters indicated in Figure 4 to provide greater or lesser weight
attached to any particular parameter in the column of the matrix, X. Different weights may be attached to
different parameters based upon a particular type of process being performed by the processing tool 310. For
example, the pressure parameter may be assigned a different weighting for PCA analysis for a deposition process
as compared to the weighting assigned to the pressure parameter during a photolithograph process. However,
during the photolithography process, the temperature data may be assigned a higher or lower weighting as
compared to the deposition process. One method of scaling may include scaling each column to a non-unit
variance. To accomplish this, instead of dividing by the variance of each column, a division by another number
based on the particular weighting assigned to the parameter may be performed. For example, if temperature is
considered a more important parameter, the temperature parameter in the temperature data column (i.e., the 3
column in the matrix, X) may be divided by a number different from the standard deviation for that column. In
order to cause the fault detection algorithm to be more sensitive to variability to a given parameter, a column in
the matrix X may be divided by a number that is smaller than the variance calculated from that particular column.
In order to cause the fault detection algorithm to be less sensitive to variability to a given parameter, a column in
the matrix X may be divided by a number that is larger than the variance calculated from that particular column.
Throughout the rest of the PCA algorithms, small variations in the temperature may be more likely to be
recognized as a fault as compared to the variation of a parameter that was not weighted in the same fashion. In
one embodiment, the PCA controller 360 is capable of prompting the dynamic PCA weighting module 370 to
adjust the weighting of the parameters in the columns of Figure 4, in a manual and/or in a dynamic, automated

fashion.
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Turning now to Figure 5, a more detailed block diagram depiction of the tool state data sensor unit 320
illustrated in Figure 3 is provided. The tool state data sensor unit 320 may comprise any of a variety of different
types of sensors, e.g., a pressure sensor 510, a temperature sensor 520, a humidity sensor 530, a gas flow rate
sensor 540, and an electrical sensor 550, efc. In an alternative embodiment, the tool state data sensor unit 320
may comprise in situ sensors that are integrated into the processing tool 310. The pressure sensor 10 is capable of
detecting the pressure within the processing tool 310. The temperature sensor 520 is capable of sensing the
temperature in various locations of the processing tool 310. The humidity sensor 530 is capable of detecting the
relative humidity at various portions in the processing tool 310, or of the surrounding ambient conditions. The
gas flow rate sensor 540 may comprise a plurality of flow-rate sensors that are capable of detecting the flow-rate
of a plurality of process gases utilized during processing of semiconductor wafers 105. For example, the gas flow
rate sensor 540 may comprise sensors that can detect the flow rate of gases such as NHj, SiHy, N,, N,O, and/or
other process gases. _

In one embodiment, the electrical sensor 550 is capable of detecting a plurality of electrical parameters,
such as the current provided to a lamp used in a photolithography process. The tool state data sensor unit 320
may also comprise other sensors capable of detecting a variety of manufacturing variables known to those skilled
in the art having benefit of the present disclosure. The tool state data sensor unit 320 may also comprise a tool
state sensor data interface 560. The tool state sensor data interface 560 may receive sensor data from the various
sensors that are contained within, or associated with, the processing tool 310, and/or the tool state data sensor unit
320 and transmit the data to the process controller 305.

Turning now to Figure 6, a more detailed block diagram representation of the dynamic PCA weighting
module 370 in accordance with an illustrative embodiment of the present invention is provided. As indicated in
Figure 6, the dynamic PCA weighting module 370 may comprise a fault data analysis module 610, a fault data
input interface 620, and a PCA weight calculation module 630. Based upon the faults compared to various
algorithms and fault data processed by the fault data analysis module 610, a determination is made as to whether
a particular parameter that was considered abnormal by the fault detection unit 380 in conjunction with the PCA
controller 360, is substantially associated with the fault or not. Based upon that determination, the PCA weight
calculation module 630 may reduce or increase the weight associated with that particular parameter. This
information may be sent to the PCA controller 360 and to the fault detection unit 380. Alternatively, an external
data input on a line 625 may be provided to the dynamic PCA-weighting module 370 as a manual input to
indicate whether a particular parameter that was flagged as abnormal, did indeed contributed considerably to a
particular fault. The fault data input interface 620 is capable of receiving the external data input and is capable of
providing the data to the PCA weight calculation module 630, which appropriately adjusts the weighting of the
particular parameter.

Therefore, the dynamic PCA weighting module 370 may determine data and/or receive data that may be
used to adjust the weight attached to a particular parameter. This information may be used by the fault detection
unit 380 and/or the PCA controller 360 to perform analysis relating to any abnormality (and/or faults) during the
processing of semiconductor wafers 105. In other words, after the fault condition is identified, thg PCA weight
calculation module 630 receives information from the fault data analysis module 610 and/or the fault data input
interface 620 as to whether the fault was an actual fault and/or whether any parameters associated with the

abnormality or the fault contributed significantly to that fault or abnormality. Based upon this data, the PCA
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weight calculation module 630 may decrease or increase the weighting of the parameter or, alternatively, leave
the weighting of the parameter unchanged.

Turning now to Figure 7, a flow chart representation of the methods associated with embodiments of the
present invention is illustrated. The system 300 may process one or more semiconductor wafers 105 (block 710).
Based upon processing of the semiconductor wafers 105, the system 300 may acquire metrology data relating to
the process performed on the semiconductor wafers 105 (block 720). Additionally, the system 300 may also
acquire tool state sensor data relating to the process performed by the processing tool 310 (block 730). Based
upon the metrology data and/or the tool state sensor data, the system 300 may perform fault detection relating to
the processing of semiconductor wafers 105 (block 740). The system 300 may also execute a PCA algorithm in
conjunction with the fault detection to detect any abnormalities or faults associated with the processing of
semiconductor wafers 105 (block 750).

The system 300 may also perform a dynamic PCA-weighting process to adjust the weighting of any
particular parameter(s) that may be used by the fault detection and the PCA models to analyze the operation of
the processing tool 310 (block 760). A more detailed illustration and description of the dynamic PCA-weighting
process is provided in Figure 8 and accompanying description below. Based upon the dynamic PCA-weighting
process, various adjustments to the weighting of particular parameters may be made to more accurately assess
any faults associated with processing of semiconductor wafers 105. Upon dynamically adjusting the weighting of
the PCA parameters, the system 300 may perform subsequent processes on the semiconductor wafers 105 based
upon the newly adjusted parameter-weighting for more accurately assessing the faults or abnormalities associated
with the processing of semiconductor wafers 105 (block 770).

Turning now to Figure 8, a more detailed flow chart illustration of the dynamic PCA-weighting process
is provided. The system 300 analyzes the fault data resulting from the fault data analysis and/or the PCA, in
order to determine whether any particular parameters associated with any faults or abnormalities detected that are
associated with the processing of semiconductor wafers 105 is actually a significant fault (block 810). In other
words, the system 300 determines whether the abnormality or fault indication relates to an actual fault. The
system 300 also analyzes the fault data to determine whether any parameter that was flagged did indeed provide a
significant contribution to the fault or abnormality. In one embodiment, the significant contribution may relate to
a determination of the importance of the parameter, as it relates to the fault indication. In another embodiment,
the significant contribution may relate to a causation relation between the parameter and the fault indication.

An example relating to the significant contribution to a fault or abnormality is provided below. For
example, a process model may have a pressure parameter (P), a temperature parameter (T), a RF power parameter
(R), and a gas flow rate parameter (G). Initially, the weighting for each of these parameters (i.e., P, T, R, G) may
equal to 1, e.g., a parameter matrix may provide that [P, T, R, G] =[1, 1, 1, 1]. After a wafer lot is processed, the
fault/abnormality contribution plot signature may change to [P, T, R, G] = [0, 0.2, 3, -2.5]. If the system 300 or a
user determines that the fault is an actual fault, the various contributions relating to each parameter may be
examined. In the present example, the system 300 may determine that the parameter R and G contributed most to
the fault or abnormality, since R and G had the highest magnitude. Accordingly, the system 300 may modify the
parameter weighting according to an algorithm for those parameters that impacted or significantly contributed to
the fault, Therefore, the system 300 may then provide a new parameter weighting value that may be represented
by the matrix [P, T, R, G] =[1, 1, 1.1, 1.1]. The system 300 may then process another wafer lot, and a fault may

be detected. A user or the system 300 may then determine that the fault is not an actual fault. Based upon this
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determination, the system 300 may examine the contribution plot and make a determination that the parameters P
and R contributed significantly to the “false” fault. In response, the system 300 may modify the weighting
according to an algorithm for those factors. For example, the new weighting factors may be represented by the
matrix [P, T, R, G] = [0.9, 1, 1, 1.1]. The algorithm to determine which parameters to adjust based upon
contribution plot values and how to adjust the weightings for those parameters may be varied by different
implementation (e.g., always add or subtract 0.1, multiply by 1.1 or 0.9, always modify the top two parameters,
always modify the weightings for any parameters with a value greater that 1.5, etc.). The above examples were
provided for exemplary illustrative purposes, other parameters may be weighted and/or adjusted differently and
still remain within the scope and spirit of the present invention.

The system 300 alternatively, or in conjunction to the step described in block 810, may receive an
external input relating to the causes or non-causes of the faults (block 820). In other words, the system 300 may
receive an indication from an external source, which could be an external computer, a controller, or a manual
input from an operator, indicating whether the detected fault is an actual fault and/or whether any parameters
associated with the fault or abnormality provides significant contribution to the fault or abnormality. Based upon
this data, the system 300 then determines whether to increase, decrease, or leave unchanged the weighting
relating to the factors or parameters relating to the faults (block 830).

If the system 300 determines, or is informed, that a particular parameter did indeed provide a significant
contribution to the detected fault, then weighting of that particular parameter (e.g., the pressure data) may be
increased to make the system 300 more sensitive to any variations in that parameter. Similarly, if the system 300
indicates that no significant contribution to the fault was provided by a particular parameter, the weighting of that
parameter to the fault detection or PCA may be reduced. In other cases, the system 300 may determine that the
weighting of a particular parameter remain unchanged. Therefore, the weighting of any parameter associated
with the processing of semiconductor wafers 105, including the parameters illustrated in the exemplary matrix
provided in Figure 4, may be modified.

Based upon the determination whether to increase, decrease, or leave unchanged the weighting of the
factors relating to the faults, the system 300 may dynamically add weight to the factors that caused the fault
(block 840), reduce the weight to the factors that caused the fault (block 850), or leave the weighting of the
factors unchanged (block 860). Based upon the dynamic adjustment of the weighting, the new weighted
factors/parameters are provided for performing additional fault detection and/or PCA (block 870). Therefore, the
weighting of the parameters may be dynamically adjusted on a continuous basis based upon various operations
and resulting fault detection analysis and/or PCA performed on the data relating to the processing of
semiconductor wafers 105. The newly weighted factors may cause a reduction of false fault indications and
increase the sensitivity of parameters that may actually cause significant faults or abnormalities. Hence, a more
accurate assessment of the condition of the processing tools 310 performing the processes on the semiconductor
wafers 105 may be performed, resulting in a more efficient operation of processing tools 310 and reduced down
times in the manufacturing areas. Therefore, utilizing embodiments of the present invention, a more effective and
accurate process adjustment may be performed to achieve more accurate semiconductor wafer 105 characteristics
and improved yields.

The principals taught by the present invention can be implemented in an Advanced Process Control
(APC) Framework, such as a Catalyst system formerly offered by KLA Tencor, Inc. The Catalyst system uses
Semiconductor Equipment and Materials International (SEMI) Computer Integrated Manufacturing (CIM)
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Framework compliant system technologies, and is based on the Advanced Process Control (APC) Framework.
CIM (SEMI E81-0699 - Provisional Specification for CIM Framework Domain Architecture) and APC (SEMI
E93-0999 - Provisional Specification for CIM Framework Advanced Process Control Component) specifications
are publicly available from SEMI. The APC framework is a preferred platform from which to implement the
control strategy taught by the present invention. In some embodiments, the APC framework can be a factory-
wide software system; therefore, the control strategies taught by the present invention can be applied to virtually
any of the semiconductor manufacturing tools on the factory floor. The APC framework also allows for remote
access and monitoring of the process performance. Furthermore, by utilizing the APC framework, data storage
can be more convenient, more flexible, and less expensive than local drives. The APC framework allows for
more sophisticated types of control because it provides a significant amount of flexibility in writing the necessary
software code.

Deployment of the control strategy taught by the present invention onto the APC framework could
require a number of software components. In addition to components within the APC framework, a computer
script is written for each of the semiconductor manufacturing tools involved in the control system. When a
semiconductor manufacturing tool in the control system is started in the semiconductor manufacturing fab, it
generally calls upon a script to initiate the action that is required by the process controller, such as the overlay
controller. The control methods are generally defined and performed in these scripts. The development of these
scripts can comprise a significant portion of the development of a control system. The principals taught by the
present invention can be implemented into other types of manufacturing frameworks.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to the details of construction or design herein shown,
other than as described in the claims below. It is therefore evident that the particular embodiments disclosed
above may be altered or modified and all such variations are considered within the scope and spirit of the

invention. Accordingly, the protection sought herein is as set forth in the claims below.
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CLAIMS
WHAT IS CLAIMED:

1. A method, comprising:

processing a workpiece (105);

performing a fault detection analysis relating to said processing of said workpiece (105);

determining a relationship of a parameter relating to said fault detection analysis to a detected fault; and

adjusting a weighting associated with said parameter based upon said relationship of said parameter to
said detected fault.

2. The method of claim 1, further comprising determining a relationship of a parameter relating to
said fault detection analysis to a detected fault further comprises determining a causation of a parameter relating
to said fault detection analysis to a detected fault.

3. The method of claim 1, further comprising determining a relationship of a parameter relating to
said fault detection analysis to a detected fault further comprises determining an importance of a parameter
relating to said fault detection analysis to a detected fault. '

4. The method of claim 1, further comprising: -

determining whether said detected fault is a significant fault; and

adjusting said weighting associated with said parameter based upon determining that said detected fault
is a significant fault.

5. The method of claim 1, further comprising;:

acquiring metrology data relating to processing said workpiece (105);

acquiring tool state data relating to processing said workpiece (105); and

correlating said metrology data and said tool state data with said fault data to characterize a fault.

6. The method of claim 1, wherein determining said relationship of a parameter relating to said
fault detection analysis to a detected fault further comprises determining whether said parameter is a significant
factor associated with said fault.

7. A system for performing fault detection using a dynamic weighting technique,
CHARACTERIZED in that,

the system comprises:

a processing tool (310) to perform a process upon a workpiece (105);

a metrology tool (350) to acquire metrology data relating to said process performed on said workpiece
(105) to provide metrology data;

a tool state data sensor unit (320) to acquire tool state data;

a controller operatively coupled to said processing tool (310), metrology tool (350) and to said tool state
data sensor unit (320), said controller to perform a fault detection analysis relating to said
processing of said workpiece (105) to determine a relationship between a parameter relating to
said fault detection analysis and a detected fault, said controller to also adjust a weighting
associated with said parameter based upon said relationship of said parameter to said detected
fault.

8. The system of claim 7, wherein said controller further comprising a dynamic PCA-weighting

module (370), said dynamic PCA-weighting module (370) comprising:
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a fault data analysis module (610) for determining whether said parameter was a significant factor in
said detected fault;
a fault data input interface (620) to receive an external data indicating whether said parameter was a
significant factor in said detected fault; and
a dynamic PCA weight calculation module (630) to dynamically modify said weighting of said
parameter based upon at least one of said determination and said indication whether said
parameter was a significant factor in said detected fault.
9. A computer readable program storage device encoded with instructions that, when executed by
a computer, pefforms a method, comprising:
processing a workpiece (105);
performing a fault detection analysis relating to said processing of said workpiece (105);
determining a relationship of a parameter relating to said fault detection analysis to a detected fault; and
adjusting a weighting associated with said parameter based upon said relationship of said parameter to
said detected fault.
10. The computer readable program storage device encoded with instructions that, when executed
by a computer, performs the method of claim 9, further comprising:
acquiring metrology data relating to processing said workpiece (105);
acquiring tool state data relating to processing said workpiece (105); and

correlating said metrology data and said tool state data with said fault data to characterize a fault.
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