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METHODS AND APPARATUS TO PREDICT ETCH RATE
UNIFORMITY FOR QUALIFICATION OF A PLASMA CHAMBER
BACKGROUND OF THE INVENTION

{Para 1]  Advances in plasma processing have provided for growth in the semiconductor
industry. In today’s competitive market, the ability to minimize waste and produce high
quality semiconductor devices gives the device manufacturer a competitive edge.
Accordingly, tight control of the processing envivonment is generally needed to achieve
satsfactory results during substrate processing.

{Para 2] Those skilled in the ast are aware that the condition of a processing chamber may
affect the guality of the semiconductor devices being produced. k"»-'&cca'}rd‘i.rxg:iy,vﬂ:w ability to
accurately qualify a processing chamber may reduce the cost of ownership of the ;ﬁmcessing
ool and reduce waste. In an example, by accurately qualifying a processing chamber, a
recipe may be adjusted to account for the chamber conditton. In another example, by
accarately qualifving a processing chamber, the processing chamber may be maintained in
good working condition, thereby extending the life of the chamber and reducing the potential
for waste. As discussed herein, the term “qualify a processing chamber™ refers (o the process
of identifving the condition of a processing chamber and or/ the steps required to bring the
chamber into compliance.

[Para 3] A metrology method may be emploved to qualify a processing chanber. With a
metrology method, an actual metralogy tool may be employved to take measurements such as
film thicknesses or critical dimensions (CDs) of a substrate. An example of a commercially
available instrument that can make such measurements is an ASET-F5x thin film metrology
system from KLA-Tencor Corporation. The measurements may be performed before and
after the substrate is processed. After the measurement data have been collected, the etch
rates andfor CI bias values for a sabstrate may be determined. From the spatial map of
measured etch rates and/or CD bias values, uniformity may be calculated. As discussed
herain, writormity may be calculated by taking the standard deviation of the etch rates andfor
CD bias values.

[Para 4] Although the metrology method may provide an accurgte method for qualifying a
processing chamber, the metrology method can be an expensive and time~consuming
procedure. In an example, the task of measuring the CD bias of just a single substrate may

take up to one hour. As a result, most measurements may be taken after a substrate lot has
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been processed instead of between substrates. For this reason, an entive substrate lot may be
damaged before & problem may be identified.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[Para 5] The present invention is itlustrated by way of example, and not by way of
liniitation, in the figures of the accompanying drawings and in which like reference numerals
refer to similar elements and in which:
[Para 6] Fig 1 shows a simple flow chart illustrating a method for constructing a predictive
etch rate model for qualifying a processing chamber,
[Para 7] Fig. 2, shows in an embodinment of the veation, a generic overview of 8 method
for constructing 3 subsystem health check {SSHQC) predictive model for qualifying a
processing chamber.
{Para 8] Fig. 3 shows, in an embodiment of the invention, one implementation for
constructing an SSHC predictive model,
[Para 9  Fig 4A shows a polar scan of a substrate.
[Para 10] Fig. 4B shows, in an embodiment of the invention, a simple diagram illustrating
etch rate uniformity using concentric circles to partition the substrates measurement points.
[Para 11} Fig. 5 shows, in an embodiment, a simple flow chart itlustzating 2 method for
applving an SSHC predictive model for qualifying a processing chamber.

DETAILED DESCRIPTION OF EMBODIMENTS

[Para 12] The present invention will now be described in detail with reference to a few
embodiments thereof as ilustrated 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 the art,
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 deseribed in detail
in order to not unnecessarily obscure the present invention.
{Para 13] 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 compuiter readable medium on which computer-readable
nstructions for carrying out embodiments of the inventive technigue ave stored. The
computer readable mediom may include, for example, semiconducior, magnetic, opto-
magnetic, optical, or other forms of computer readable medium for storing compuier readable

code. Further, the invention may also cover apparatuses for practicing embodiments of the
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invention. Such apparatus may include eircutss, dedicated andfor programmable, to carry out
tasks pertaining to embodiments of the invention. Examples of such apparatus include 2
general-purpose comprter and/or a dedicated computing device when appropriately
programmed and may inclde a combination of a computer/computing device and
dedicated/programmable circuits adapted for the various tasks pertaining to embodiments of
the invention,

{Parz 14] A virtual metrology method may be emiploved to qualify a processing chamber,
The current virtual metrology method may be based on a predictive model for a specific
processing chamber. To construct a predictive model, data collected during processing of a
set of film substrates may be correlated against a sef of on-wafer measurements such as the
spatial maps of etch rates and/or CI> bias data that may be calculated based on pre and post-
processing measurement data for the same set of film substrates. |

[Para 18] To facilitate discussion, Fig. 1 shows a simple flow char illusirating a methed for
constructing a predictive eteh rate model for qualifymg a processing chamber.

{Para 16] At a first step 100, the process of constructing a predictive model is initiated. The
predictive model can begin at any stage during a wet clean cycle,

[Para 17} At anext step 102, pre-processing measurement data is acquired for a set of
substrates. In order to construct a predictive model, a set of test substrates 18 emploved. The
set of test substrates is usually a set of film substrates or SensArray wafers. Usually, a film
substrate is g non-patterned substrate with a film layer. Before processing the set of
substrates, pre-processing measurement data for 4 set of data points oun each film substrate is
acquired. In an example, the thickness of each filn: substrate is measured.

[Pars 18] At a next step 104, the set of film wafers is processed. Instead of using the actual
recipe used to process product wafers, a modified version of the recipe may be employed.
The modified recipe may be a simpler version of the production recipe and may exhibit the
same efch behavior as the production recipe. During the process, a set of sensors (such as
(}ptiC?ﬂ ermission SENSOL, pressure MEASVTSNERT 38507, temperﬁiure MEASBLEMEnt Sen/oL, gas
measurenent sensor, and the like) 1s employed to capture processing data.

[Para 19] After substrate processing has ended, at a next step 106, posi-processing
measurement data is acquired for the processed test substrates.

[Para 28] At a next step 108, the difference between the pre and post-processing
measurement data (etch depth) for each date point may be calculated and an average eich rate

may be determined for each fibm substrate.
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{Para 21] Ata nextstep 110, a predictive model i3 constructed. The predictive model may
be based on the measured spatinl maps of etch rates and the processing data collected by the
sensors. In an example, the calculated average etch rates are set as target etch rate values in
the predictive model, The processed data is then correlated against the target etch rate values
to construct a predictive model. However, even after a predicted model has been constructed,
the predictive model may still required constant updates, Updates may occur due to changing
conditions of the processing chamber during the course of » scheduled maintenance cycle.
[Para 22] In an example, drift may occur due to changing chamber conditions, deposition on
the sensors, and the ke, In order to account for the drift, the predictive model may be
normalized based on a given set of known drift vatues. In an example, after a wet clean, the
processing chamber may be at an ideal state in which no drift has occurred. However, after a
few weeks of substrate processing, the gas distribution subsystem may have experienced a
few percent drift. To account for the drift, the predictive model may be adjusted accordingly.
{Para 23] In another example, as part of a wet clean, the chamber wall may have been
clzaned and scrubbed and the correded hardware parts may have been replaced. I the
predictive model has been originally constructed wlhen the processing chamber “is not clean,”
the predictive model may have to be adjusted 1o account for the “new” chamber condition.
{Para 24] Due to the changing chamber condition, a compensatory or movmg window
model may be provided (step 112} to update the predictive model. In other words, steps 102
- 108 may be repeated on a new set of film substrates. The results from the new test run may
then be utilized to update the predictive model.

{Para 25] Although a predictive model may be constructed from a virtual metrology method,
there are several limitations to the current virtual metrology method.

[Para 26] First, the current virtual metrology method does not provide an accurate method
for qualifying a processing chamber since uniformnity can not be determined from the
predictive model. Even if the predictive model can accurately predict the average etch rate
andfor CD bias for a substrate, the sumber as provided by the predictive model is still only an
average number. Those skilled in the art are aware that the actual etch rates and/or CD bias
values may vary across the surface of the substrate. For this reason, the average efch rate, for
example, may not represent the actual efch rate valuss across the surface of the subsirate.
Thus, uniformity can not be determined. As a result, the predictive model may not always

accurately qualify the processing chamber.
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[Para 27} Another limitation is that very often the robustness of the predictive modet is
dependent upon the graxm&zri{y of the processing data being collected by the sensors. Most of
the processing tools have sensors that are unable to provide the necessary data granularity
that may be required to construct a robust predictive model. Even if the sensors are available
to provide the high fidelity data that may be needed to construct the predictive model, most
processing tool lacks the capability to perform the analysis. As a result, most predictive
models provide errors that are larger than desirable.

[Para 28] In addition 1o the aforementioned limitations, the expense of constructing and
maintaining a predictive model can become guite costly. In an example, a typical predictive
model may cost about a few hundred thousand dollars to construct and maintain, The costis
partly due to the expensive film substrates that are being wibzed. Even afier the predictive
model has been constructed, additional cost may be mcurred each time the predictive mode!
has to be upéazed. Additionally, even though less expensive substrates may be available, a
device manufaciurer may be required to continue using the more expensive film substrate in
the production environment if the device manufacturer wants to utilize the predictive model
in qualifying a processing chamber,

[Para 28] In accordance with emsbodiments of the imvention, methods are provided for
creating a subsystem health check (SSHC) predictive model for qualifying a processing
chamber. Embodiments of the invention include methods for constracting an SSHC
predictive model that may be applied toward less expensive substrates (such as non-film
substrates) which in most cases can be reused a finite number of times, Embodiments of the
igvention also include methods for qualifving s processing chamber based on uniformity.
Embodiments of the invention further include methods for implementing the SSHC
predictive model i a production environment,

[Para 30} In this document, various implementations may be discussed using etch rate as an
example. This invention, however, is not Hnted to etch rate and may be applied to other
process parameters, such as CI bias, for example. Instesd, the discussions are meant as
examples and the invention is not limited by the examples presented.

[Para 31] In an embodiment of the invention, a method is provided in which an SSHC
predictive model is built utilizing data from at least two different substrate types. Inan
example, the on-wafer measurements for film substrates may be correlated against data
collected during analogous processing of a set of non-film subsirates. In an aspect of the

mvention, the mventors herein realized that measurement data from one tvpe of subsirate may
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be correlated against sensor data from a second type of substrate if a relationship can be
- established between the two data sets,

[Para 32] In an example, a relationship exists between metrology data for a set of film
substrates and sensor data for the same set of film substrates. This relationship s the basis
for the predictive model in the prior art, 1f the same modified recipe is applied to a set of
non-film substrates (such as the less expensive bare silicon substrates), a corvelation may be
established between the two sets of sensor data since the data are being collected in the same
processing environment. Through substitution, 8 correlation may be established between the
measurement data of the set of film substrates and the sensor data for the set of non-film
substrates. Based on this correlation, an SSHC predictive mode! for qualifying a processing
chamber may be constructed from sensor data collected from non~film substrates.

[Para 33} To further eliminate drift and/or noise i an SSHC predictive model, in an
embodiment, data may be collected at different periods within a wet clean cycle. Inan
example, an SSHC predictive model may be constructed based on data sets collected at the
baginning of & wet ¢lean cycle, in the middle of a wet clean cycle, and toward the end of a
wet clean ovele. Thus, the SSHC predictive model (unlike the prior art predictive model)
does not have o be updated each time the processing chamber undergoes a wet clean sinee
the SSHC predictive model already accounts for such a situation. Additionally, similar data
sets between different chambers with the same hardware configurations can be used to
ascertain and eliminate chamber-to~-chamber varigtions (such as those brought on by
installation and sensor-to-sensor variations).

[Para 34] As previcusly mentiongd, one of the limitations of the predictive model of the
prior art is that the predictive model is usually based on data that may lack granularity, In
order to provide the required data needed for constructing a robust SSHC predictive model,
sensors that are capable of collscting highly granular data may be emploved. Examples of
sensors include bat are not Bnatted to, for example, VI probe sensor, OES sensor, pressure
sensor, and the like,

{Para 35] With a higher vohume of data at a higher granularity, a robust data analysis
moduie may be employed to process the data and to constract an SSHC predictive model. In
an embodiment, the robust data analvsis module is 8 fast processing computing engine that
can be configured to handle a large volume of data. In addition, the robust dasa analvsis
modute may be configured 10 receive the processing data directly from the sensory instead of

having the data being relayed through a fabrication facility host controller or even throngh a



WO 2011/002804 PCT/US2010/040468

process module controfler. Application Number 12/555,674, filed on September 8, 2009, by
Huang et a]. describes an example analysis computer suitable for performing the analvsis.
[Para 36] In an embodiment, an SSHC predictive model may be employed to predict
uniformity. Those skilled in the art are aware that the gich rate may not be uniform across the
surface of & substrate. Many factors can impact uniformity. For example, the angle at which
gas may be distributed into the processing chamber may affect uniformity. In another
example, the power distribution within the processing chamber piay affect aniformity.

[Para 37} Even though the stch rate may not be uniform across the surface of a substrate,
erapirical evidence shows certain area of the substrate may have substantially the same etch
rate. In an embodiment of the invention, the substrate may be divided {in an abstract sense)

- into three concentric circles, and the aren within each concentric circle is considered to
empirically have the same uniformity. In an embodunent, uniformity may be calculated from
the etch rates of the processed substrate. First, the average etch rate for each concenuric circle
is determined. Then each average etch rate is multiplied by the pumber of data points
measured within the concentric circle (or in the case of the non-film substrates which did not
have metrology measarements, they are multiplied by the number of measurement points
there was supposed to be {“viral” points) by a metrology tool (see Fig 4)). The values for
all three concentric circles are added and an average etch rate for the subsirate may be
caleulated. Uniformity is then deternuned by calculating the standard deviation of each
concentric circle average etch rate against the oversl average etch rate of the substrate. The
pverall substrate uniformity is then determined by calculating the standard deviation of alf the
actual or “virtual” etch depths and computing its percentage with respect to the average gich
raie.

{Para 38] Once an SSHC predictive model is constructed, the SSHC predictive model may
be migrated into production. Since the SSHC predictive model is constructed partly based on
data collected from non-film substrates, the cost of implementing the SSHC predictive madel
in a production environment is significantly less than the predictive model of the prior art.
One reason for the significant cost reduction is that the SSHC predictive model can be
apphied towsrd processing data collected from less expensive non-fitm substrates. In
addition, the reduced measurement requirements offer up savings doe to fewer metrology
tools being required to mest with production needs, The faster turnaround time for
qualification of the chamber may also result in fower at-risk production wafers being

processed since problems with the process chamber can be detected faster. Accordingly, the

~.1




WO 2011/002804 PCT/US2010/040468

SSHC predictive model provides an effective mode! for qualifying a processing chamber
while effectively reducing ownership cost.

{Para 39] The features and advantages of the present invention may be better understood
with referenced to the figures and discussions that follow.

[Para 46] Fig 2, shows in an embodiment of the invention, a generic averview of a method
for constructing a subsystem health check (SSHC) predictive model for qualifying a
processing chamber.

[Para 41} At first step 202, pre-processing measurement is performed on a set of film
substrates.  Simmlar to the prior art, a metrology tool (such as g KLA-Tencor thin fikm
metrology tool) may be smploved to take the measurements, such as measuring thickness of
the substrate. Since the thickness of a substrate may vary across the entire substrate, different
data points on the substrate {such as the data points shown in the 49 points polar scan of
substrate 402 in Fig. 4A) may be measured.

[Para 42] Ata pext step 204, the set of film substrates are processed. Simlar to the prior
art, a modified recipe may be emploved within the test environment. The modified recipe
may be a simpler version of the production recipe and tends to simulate the etch behavior of
the production recipe.

[Para 43] Those dalled in the art are aware that a parameter change may influence an
average etch rate andfor uniformity of a substrate. Thus, in order to accurately qualify a
processing chamber, parameter changes may have to be accounted for in creating an SSHC
predictive model. {n order to improve the robustness of the model, the svstem response to
potemial changes in production is assessed. Recipe parameters may be changed as one or
more test substrates are processed. In an example, the first few substrates (three substrates,
for example) may be executed with the basic modified recipe. For the fourth and fifik
substrates, the pressure value may be changed to account for the pressure level change that
miay occur in the processing chamber, In another example, the gas flow distribution may be
adjusted for the next four subsivates so that a larger percentage of total gas flows towards the
center of the substrate to offser slightly higher edge etch rate which may ocour due t eroded
chamber consumables (which are typically found near the edge of the substrates}.

{Para 44] After the set of film substrates has been processed, at a next step 206, a set of non-
film substrates (such as bare silicon substrates) may be processed using the same modified
recipe as applied to the set of {ihm sebstrates. In an example, if the pressure valae was

increased for the fourth film sabstrate, then the same pressure value is applied toward the

]



WO 2011/002804 PCT/US2016/040468

fourth non-tilm substrate. While the non-film substrates are being processed, sensors may
also be collecting processing data. In an embodiment, the order of processing the set of film
substrates and the set of non-film substrates does not Hmit the invention. In other words,
gither step 204 or step 206 can occur first,

[Para 45] As previously mentioned in the prior art, one of the limitations of the prior agt
method is due fo the granulanty of data being collected. In an embodiment, the methods
described in this document are applied n a processing tool that supports sensors (such as VI
probe sensor, OES sensor, pressure sensor, and the like} that may be capable of collecting
highly grﬂlmiar data. Additionally, a fast processing computing analysis module may be
mmplemented to quickly process and analvze the data. In an embodiment, the fast processing
computing analysis module may be an advanced process and equipment control system
(APECS). The APECS module may be configured to analyze a plurality of data quickly (in
sitn) and may be able to provide feedback to the processing module (PM) controller of the
processing chamber to enable the PM countroller to predict the etch rate and/or uniformity for
the next incoming substrate, Apphication Number 12/555,674, {iled on September 8, 2009,
by Huang et al. describes an example analysis computer suitable for performing the analysis.
[Para 46] After substrate processing has ended, at a next step 208, post-processing
measurensent data is acquired. In an example, post-processing measarement data at the same
set of data points {as seen in Fig. 4A, for example} may be collected for each processed film
substrate.

[Para 47} At a next step 210, the difference between the pre and post-processing
measurement data is calculated and an average etch rate andfor uniformity may be calenlated
for each film substrate. Discussion about uniformity is provided in detail in Fig. 3 and Fig. 4
below.

{Para 48] In one embodiment, to further eliminate noise andfor drift, S‘tep‘s {202 - 210) for
constructing an SSHC predictive model may be performed at least twice. In an embodiment,
the steps may be performed at the beginning of & wet tlean ovele (i.e., after maintenance has
been performed on the processing chamber) and toward the end of & wet clean {J.¢., time
period before the next maintenance is performed). In addition, data may also be collected
during the middle of a wet clean cycle.

{Para 49} Once data has been collected, at a next step 212, the sensor processing data and

~

the metrology data may be correlated and an SSHC predictive model for qualifying a

processing chamber may be constructed. In an embodument, the SSHC predictive model may
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be based on a partial least squares model. A partial least squares mode! is a technique for
finding relationships between two sets of data. The partial least squares model may have a
sinifar aim to that of least squares linear fitting but is nsually used when there are multiple
independent variables (in an input matrix X} and possibly multiple dependent variables (in an
mput matrix Y). In the partial least squares model the Y variables are not continuous but
instead consist of a set of independent discrete values or classes: The analvsis aims to find
Hnear combinations of the X variables that can be used to classify the input data into one of
these discrete classes.

{Para 56] Ascan be appreciated from Fig. 2, a method is provided for the construction of an
SSHC predictive mode] that may take mto account conditions of the processing chamber at
different time periods during 8 wet clean eycle. Even if the SSHU predictive modal, as
describe in Fig. 2, may require additional time to be constructed (in comparison o the
method described in Fig. 1), once constrycted, the SSHC predictive model does not have to
be constantly updated (as required by the prior art method). Thus, the resources required to
construct an SSHC predictive model is usually a one time cost instead of a continnal expense
{as required by the prior art method). In addition, since the SSHC predictive model may be
applied against data collected from non-film substrates, the cost of ownership is significamly
redoced since the device manufacturer does not have to continue to utilize the more
expensive fibm substrates within the production exvironment in order to effectively apply the
SSHC predictive model,

[Para 511 Fig 3 shows, in an embodiment of the invention, one implementation for
constructing an SSHC predictive model.

[Para 52] At a first step 302, a first set of data i collected. In an embodiment, the first set
of data is collecred at the beginning of & wet clean cycle (affer maintenance has been
performed on the processing chamber). The first set of data may meclude processing data
collected by the sensors on g set of non-film substrates and the metrology data collected on a
first set of film substrates. In other words, steps 202 — 210 of Fig, 2 is performed on the set
of non~-film substrates and the first set of film substrates. In an embodiment, the first set of
il substrate and the set of non-fikn substrates may mclude the same number of substrates,
[Para 83] Ata next step 304, a second set of data is collected. In an embodiment, step 304
is aptional. The dara collected during step 304 may be employed as validation data. Step

304 iy nsually performed during the middle of the wet clean cycle In order to account for
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potential drift that may ocour. In an example, some of the hardware components (such as the
gas distribution system, for example) may have drifted after several pyoduct:im TS,

[Para 54] Unlike a film substrate, a non-film substrate may be processed multiple times.
Those skilled in the art are aware that non-film substrates (such as bare silicon substrates)
may be processed up to about 10-15 times at least before the non-film substrates may no
jonger be able to handle further processing. Thus, the same set of non-film substrates that
have previgusly been eiched in step 302 may be processed again in step 304 and later in step
306. |

[Para 58] Atg next step 306, a third set of data is collected. In an embodiment, the third set
of data is collected foward the end of a wert clean cvele. The third set of dats includes
processing data collected by the sensors on a set of non-film substrates {may be the same set
of non-film substrates from step 304) and the metrology data collected on a third set of film
substrates.

{Para 56] By collecting data from different time periods during a wet clean cycle, an SSHC
“predictive model mayv be able to capture the behavior of a processing chamber through a
normal wet clean cycle.

[Para 87} Ata next step 308, the system checks to determine if sufficient mode! set data has
been collected, As discussed herein, model set data refers to data collected in steps 302 and
306,

[Para 38] If insufficient model set daty exists, then at a next step 310, more data is collected
before analysis may begin, Insufficient data may have begn collected if not enough film
substrates have been processed, for example. In another example, some of the processed data
collected by the sensors may be deemed unacceptable and cannot be wilized in constructing
the SSHC predictive model.

[Para 39] However, if a sufficient amount of model set data exists, then at a next step 312,
the svstem may check to see if 8 control limit has been specified. In an embodiment, a
control Hmit s an ervor range that may be acceptable to the user. Since the SSHC predictive
model is being coustructed based on highly granular data, the control limit may be set as low
as two to three percent.

[Para 68} Ifthe control Bmit has not yet been set, then at a next step 314, the system may
request the control limit to be provided.

[Para 61] However, if the control Hout has been specified, then at a next step 316, the

system may begin the process of constructing an SSHC predictive model. The SSHC
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predictive model may mclude the average eich rates as target etch rates conrelated to the
sensor processing data. ’ |

[Para 62} Target ewch rates may be calculated using the model set metrology data. In an
exémp}e, a substrate location may have a pre-processing measurement of about 500 nm.
Onee the substrate has been processed, the thickness of the substrate at the same location i
now 373nm. Given that the eich depth is the difference between the pre and post-processing
measurements, the etch depth a1 g given data point {e.g., orientation of O degres, radivs of
T15mm) is {25am. If the process time for the substrate is 2 minutey, then the exch rase is
62.5nm per minute for that data point (e.g., substrate location). Once the etch rate has been
determined, each of the data points on the substrate may now be associated with an eteh rate.
{Para 63] Unlike the prior art, the average etch raie of the substrate 1s not calewlated by
adding all the etch rate values and dividing the total etch rate value by the number of data
points, Instead, the average etch rate of the sybstrate is based on a concept that the etch rates
are not the same across a substrate. Instead, empirical tests have shown that a substrate may
be divided (in an abstract manner) Into three concentric circles (as shown by concentric
circles 450, 440 and 430 of Fig. 4B) with each data point within a concentric circle having
similar eteh rates.

[Parg 64] To facilitate discussion, assume that the aversge otch rates are 62 Snm/minute,

72 Sndminute and 82.5nmyminute for concentric circle 450 (ER1), concentric circle 440
{ER2}, and concentric cirele 430 (ER3}), respectively. After the three average etch rates are
determined, each average etch rate may be normalized. 1n an example, concentric circle 450
has nine dats points. Accordingly, the average etch rate (62. 5nm/minute) is multiplied by 9.
After the average etch rate has been normalized, the overall average eteh rate is calculated by
combining the three normalized average etch rates and dividing the total by the number of
data points (in this example, measurements have been taken at 49 data points). In this
gxample, the overall average etch rate for the substrate is 75 6nm/minute.

[Para 68] Once the average etch rates have been calewdated, unifornity may then be
calculated. As aforementioned, the etch rate values of a substrate may be divided imo three
concentric circles. In other words, the etch rate at 4 given data point within a concentric
circle may be essentially the same. Thus, the substrate is substamtially uniform within a
concentric circle. Accordingly, the uniformity for a concentric circle may be determined by

calculating the standard deviation of the average etch vate for a concentric circle to the overall

average etch rate for the substrate.
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[Para 66] Afa nextstep 318, the model set predicted eteh rates and uniformity may be
caleulated using the sensor provessing data collected. The etch rates and uniformity for the
non-~film substrates may be predicted using the previously established corrglation between
sensor data and metrology information (i.e, partial least squares modeling).

[Para 67] Ata next step 320, the svstem checks to determine if validation data has been
collected. As aforementioned, validation data may be collected during the optional step 304,
If validation data exists, then at a next step 322, the average stch rates and uniformity based
on the validation data may be calculated.

[Para 68] At g next step 324, the SSHC model predicted eich rate and uniformity for the
validation data set is compared against actual metrology measurements. This step may be
utitized to validate the SSHC predictive model.

{Para 69] Once the comparison has been performed, the system may proceed to a next step
326, Similarly, if no validation datg existé, the system may proceed to next step 326,

[Para 70] At next step 326, the system may compare the predictive error rate against the
control limit. n an example, if the control fumit is three percent, then the predictive error rate
has to be no larger than three percent.

[Para 71} If the predictive error i3 not acceptable, then at a next step 328, a warning is issued
notifying the user that the SSHC predictive model may have to be adjasted.

{Para 72] However, if the predictive error rate is acceptable, then at a next step 330, the
SSHC predictive model may be moved into production and may be made available for
gualifving a processing chamber,

[Para 73] Fig. 5 shows, in an emboediment, a stmple flow chart illustrating a method for
applying an SSHC predictive model in qualifving a processing chamber. Before a production
run, a subsystem health check test mayv be executed. In other words, the SSHC predictive
model may be applied against data collected from a test subsirate to determine the health
condition of the processing chamber.

[Para 74] At a first step 504, & user may activate the SSHC predictive model. User
specifications {e.g., recipe, filename, and the like) may be entered. This information may
also be pulled from a brary 502, The library 502 may include recipe specific parameters
{such as upper comtrol limit, lower control Hmit, target etch rate, uniformity, and the like).
[Para 78] At a next step 500, the system may pevform a pre-emptive assessment. A pre-

emptive assessment may be performed m order to determine the readiness state of the

processing chamber.
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[Para 76} If the pre~-emptive assessment fails (e.g., outside a predefined threshold range), at
a next step 526, the systen may determine the source of the alanm (failure). In an
embodiment, the source of alarm may result from connectivity, change in frequency, and/or
change in temperature (328).

[Para 77} if the source of alarm is due to connectivily, 0ne OF MOTe SENSOLS Mmay not be
properly connected. If a sensor is incorrectly connected, the sensor is unable © capture
processing data.

{Para 78} Another source of alarm may be due to a large change in frequency. Inan
example, the frequency as recorded by the electrical probe {such as the VI probe sensor) and
the frequency as reportad by the generator are compared against one another. If the
difference between the two frequencies is gbove a threshold {e.g., 100 large), a problem may
exist with the VI probe sensor, for example. o an example, the V1 probe sensor may be oo
hot. 1n another example, the VI probe sensor may have been disabled.

{Para 79] Yet another source of alarm may be due to a large change in temperature between
the current temperature within the processing chamber and the desived set point temperature
(i.e, recipe temperature). In an example, when the processing tool is first turned on, the
temperature within the processing chamber may require a few minutes to reach the desired set
point temperature. The svstem checks to make sure the temperature within the processing
chamber is within a desired threshokd before processing may begin,

[Para 80] Once the system passes the pre-emptive assessment, then at a next step 508, the
system checks to determine if an SSHC predictive model exists,

[Para 81} If an SSHC predictive model does not exist, then at a next step 522, an SSHC
predictive model is constructed (as described n Fig. 2 and/or Fig. 3).

{Para 82] However, if an SSHC predictive model exists, then the substrate is processed and
processing data is collected. In an embodiment, the SSHC predictive mode! is applied
agamnst processing data to predict the exch rate andior uniformity {calculated data) for the
current substrate (step 510). |

[Para 83] Atanextstep 312, the system checks to determyine if the etch rate and uniformity
is within the control Hat. If the etch rate and/or untformity 18 not within the control limit,
then at a next step 514, a fallure notification may be issued. The failure notice may provide
details sbout the potential problem that may exist within the processing chamber, In an
example, the fzzi}uré notice may indicate that the recipe may have to be adjusted {o account

for the drift within the processing chamber, In another example, the fatlare notice may
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indicate that there was a sudden increase m temperature during subsirate processing, which
could have been brought on by insufficient coolant to regulate chamber temperature.

[Para 84] However, if the etch rates and uniformity are within the control limits, then at a
next step 516, the system may check to determine if an SSHC verification degree is satisfied.
In an example, the user may have set a limit indicating that the processing chamber is within
good working condition if the eteh rates and uniformity for three consecutive substrates are
within the control limit.

[Para 85] If the SSHC verification degree has not been met, then at a next step 518, the
sysiem may continge to the next substeate (roturn to step S10). Steps 510 through 518 are
Herative. In an embodiment, steps 510 through 518 may be performed wntif the SSHC
verification degree has been satisfied. In another embodiment, inability to satisfy the SSHC
vertfication degree within a predetermined number of substrates may result m a failure notice
to the user, thereby, informing the user about a potential problem with the svsten.

{Para 86] However, if the SSHC verification degree is satisfied, then at a next step 520, the
processing chamber has passed the subsystem health check and the production run may
begin

[Para 87} As can be appreciated from the foregoing, methods are provided for qualifying a
processing chamber. By extrapolating data from two or more test runs during & wet clean
cycle, an SSHC predictive model may be constructed that take into account changes that may
occur during g wet clean cycle, With a robust SSHC predictive model, the SSHC predictive
model provides an effective model for qualifving a processing chamber while effectively
reducing ownership cost. ,

[Para 88] While thiz invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and eqoivalents, which fall within the scope
of this invention. Although various examples are provided herein, it is intended that these
gxamples be illustrative and not Hmiting with respect to the invention.,

[Para 89} 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 snd thus should not be grployed to
construe or Hmit the overall invention, which is expressed in the claims. I the term “sef™ is
emploved herein, such term is intended to have its commonly understood mathematical
meaning (o 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.
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Tt is therefore intended that the following appended clanns be miterpreted as including all such
alerations, permutations, and eguivalents as fall within the true spirit and scope of the present

invention.



CLAIMS

What is claimed is:

1. A method for predicting etch rate uniformity for qualifying health status of a
processing chamber during substrate processing of a set of substrates, comprising:

executing a recipe on a first substrate of said set of substrates;

receiving processing data from a first set of sensors during said executing of said
recipe;

analyzing said processing data utilizing a subsystem health check predictive
model to determine calculated data, said calculated data including at least one of etch
rate data and uniformity data, wherein said subsystem health check predictive model is
constructed by correlating a first set of data and a second set of data, said first set of
data includes measurement data from a set of film substrates and said second set of data
includes processing data collected during analogous processing of a set of non-film
substrates;

performing a comparison of said calculated data of said first substrate against a
set of control limits as defined by said subsystem health check predictive model; and

generating a warning if said calculated data is outside of said set of control limits.
2. The method of claim 1 further including performing a pre-emptive assessment to
determine the readiness state of said processing chamber.
3. The method of claim 2 wherein if said pre-emptive assessment is outside a
predefined threshold, determining source of problem.
4, The method of claim 1 further including pulling data from a library to support
said subsystem health check predictive model.
5. The method of claim 1 wherein said set of control limits is user-configurable.
6. The method of claim 1 further including if said calculated data is within said set
of control limits, validating a verification degree to determine if a predefined number of
substrates have passed said comparison between said calculated data and said set of
control limits.
7. The method of claim 1 wherein said subsystem health check predictive model is
constructed from data collected from a time period, wherein said time period being one
of at the beginning of a wet cycle, during said wet cycle, and at the end of said wet

cycle.
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8. The method of claim 7 wherein said subsystem health check predictive model is
constructed from data collected from one time period.
9. The method of claim 7 wherein said subsystem health check predictive model is
constructed from data collected from at least two time periods.
10. A processing chamber health check arrangement for qualifying a processing
chamber of a plasma processing system, comprising:
a pre-assessment module for determining the readiness of said processing
chamber;
a library for storing at least one of recipes and recipe parameters; and
a subsystem health check predictive model configured for
receiving processing data from a first set of sensors during substrate
processing;
analyzing said processing data to determine a set of calculated data,
wherein said set of calculated data includes at least one of etch rate data and
uniformity data;

comparing said set of calculated data to a set of predefined control limits;
and
generating warning when said set of calculated data is outside of said set
of predefined control limits;
wherein said subsystem health check predictive model is constructed by
obtaining a first set of data from a first set of substrates, said first set of
substrates being a set of film substrates, wherein said first set of data includes pre-
processing measurement data and post-processing measurement data, said post-
processing measurement data being collected after executing a recipe on said first set of

substrates,

collecting a second set of data from a second set of substrates, wherein said
second set of data is collected by a set of sensors during execution of an analogous
execution of said recipe on a set of non-film substrates, and

correlating said first set of data with said second set of data to construct said
subsystem health check predictive model.
11.  The processing chamber health check arrangement of claim 10 wherein said
subsystem health check predictive model further including if said calculated data is
within said set of control limits, validating a verification degree to determine if a
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predefined number of substrates have passed said comparison between said calculated
data and said set of control limits.
12 The processing chamber health check arrangement of claim 10 wherein said
subsystem health check predictive model is constructed from data collected from a time
period, wherein said time period being one of at the beginning of a wet cycle, during
said wet cycle, and at the end of said wet cycle.
13. The processing chamber health check arrangement of claim 12 wherein said
subsystem health check predictive model is constructed from data collected from one
time period.
14.  The processing chamber health check arrangement of claim 12 wherein said
subsystem health check predictive model is constructed from data collected from at least
two time periods.
15. An article of manufacture comprising a non-transitory program storage medium
having computer readable code embodied therein, said computer readable code being
configured for predicting etch rate uniformity for qualifying health status of a
processing chamber during substrate processing of a set of substrates, comprising:

code for executing a recipe on a first substrate of said set of substrates;

code for receiving processing data from a first set of sensors during said
executing of said recipe;

code for analyzing said processing data utilizing a subsystem health check
predictive model to determine calculated data, said calculated data including at least one
of etch rate data and uniformity data, wherein said subsystem health check predictive
model is constructed by correlating a first set of data and a second set of data, said first
set of data includes measurement data from a set of film substrates and said second set
of data includes processing data collected during analogous processing of a set of non-
film substrates;

code for comparing said calculated data of said first substrate against a set of
control limits as defined by said subsystem health check predictive model; and

code for generating a warning if said calculated data is outside of said set of
control limits.
16.  The article of manufacture of claim 15 further including code for performing a

pre-emptive assessment to determine the readiness state of said processing chamber.
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17. The article of manufacture of claim 15 further including code for pulling data
from a library to support said subsystem health check predictive model.

18. The article of manufacture of claim 15 further including if said calculated data is
within said set of control limits, code for validating a verification degree to determine if

a predefined number of substrates have passed said comparison between said calculated

data and said set of control limits.

19. The article of manufacture of claim 15 wherein said subsystem health check
predictive model is constructed from data collected from a time period, wherein said

time period being one of at the beginning of a wet cycle, during said wet cycle, and at

the end of said wet cycle.
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