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BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001] This invention
rel ates generally to sem conductor manufacturing and nore 10 particularly
to real time nmetrology for process and wafer state nonitoring in

sem conduc manuf act uring operations. 2. Description of the Related Art
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simul taneously for the watch point of the inspection space. tor |arger
systiéns or paitdmed Fheismel doadtuer sivaf Ggls, surfaes planarity requirements, combined with

the constant quest to increase throughput, makes it highly desirable to stop or change the

process parameters when the targeted properties (thickness, resistance, planarity,

transparency, chemical composition etc.) of the processed film has been achieved, i.e., when

an endpoint has been obtained for the current process step. Of course, some semiconductor

20  fabrication steps transition to a subsequent fabrication step after the current process step has
accomplished the task of obtaining the defined wafer characteristics.

[0003] Real time metrology for the control of wafer characteristics is now a necessity so that

an endpoint or transition point for a particular processing operation may be determined. The

real time in-situ monitoring of parameters associated with a semiconductor operation

25  provides valuable information as to an endpoint or a transition point of a processing

operation. Typically the properties of an object, either the wafer itself or another object,

which is strongly linked to the wafer in the process, undergo monotonic change prior to and

after the transition, experiencing an abrupt property variation during the transition itself.

This leads to a step-like property for monitoring signal variation in cases when the

30  monitored system is small enough and when the transition occurs simultaneously for the

watch point of the inspection space. For larger systems, such as semiconductor wafers, there

is a time distribution, which transfers a step-like transition point into a slope change,

associated with data points corresponding to the process parameter changes, thereby




is atime distribution, which transfers a step-like transition point into a
sl ope change, associated with data points corresponding to the process

par amet @AMRATSGENILGher eby LAMRP376. SG@ MLG 2 creating an indicator of the
endpoint or transition point. However, slope change detection requires
usage of derivatives, which are associated with reduced signal-to-noise
ratio conplicating this approach. [00d4] Figure 1 is a graph of a
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ways, including as a nethod, a system conputer readable nmedia or a device.
Sever al SPIRIFEREYCIr apsrbigntent s of t he present invention are described bel ow.
30 [ 000 e i for,conv ing a s|ope based
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and apparatus for providing stable and reliable transition point determination for processes

20  where the transition point occurs through a slope based transition of a monitored process

parameter.

SUMMARY OF THE INVENTION

[0006] Broadly speaking, the present invention fills these needs by eliminating the need to

25  analyze derivative based data and enabling determination of the transition point through a
threshold analysis in order to improve the reliability and stability of the determination of a
transition point. It should be appreciated that the present invention can be implemented in
numerous ways, including as a method, a system, computer readable media or a device.
Several inventive embodiments of the present invention are described below.

30 [0007] In one embodiment, a method for converting a slope based detection task to a
threshold based detection task is provided. The method initiates with defining an
approximation equation for a set of points corresponding to values of a process being

monitored. Then, an expected value at a current point of the process being monitored is




t hreshol d based detection task is provided. The nethod initiates with
defining an approximtion equation for a set of points corresponding to
val ues @AMRPRTéEEMEGbei ng nonitored. Then, an expected value at a current
poi nt of the process being nonitored is LAMP376. SG MLG 3 predicted. Next,
a difference between a neasured value at the current point of the process
bei ng nonitored and the correspondi ng &xpected value is cal cul ated. Then,
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comuni ¢@dnki@RdW th the sensor. The detector is configured to conpare

measured values to predicted values, where the neasured val ues indicate a
transi t il¢M9da wet anothengmbadisienper seticonglactol procpsseny ysteth caphbleofaleteciirg | ved

{1 adk Y aBET 3tk gtk SRS ki g oRED s Srishe\d e ER BT g °
predi ct ed pralides t OTIRNRGAGE MEIREIE BloctiBet MR IRAAPAEAT td Prenadl £ a

threshol d devi ation 25 value to be defined. The thr esho?%e‘dew ation val ue
i ndi cat égmicaaducternwpfer omtipei dafingd qeedmaterdassogiated twigh tho swvisondsiat Watir

B
t hr esholachrbase gardeiete tabsdbiatedSwith 8 process operation. The system includes a detector in
20  communication with the sensor. The detector is configured to compare measured values to
predicted values, where the measured values indicate a transition point through a slope
change. The predicted values are derived from previously measured values. The detector is
further configured to track a difference between the measured values and the corresponding
predicted values td enhance a change at the transition point to enable a threshold deviation
25  value to be defined. The threshold deviation value indicates the transition point associated
with the process operation.
[0010} In still yet another embodiment, a computer readable media having program
instructions for converting a slope based detection task to a threshold based detection task is
provided. The computer readable media includes program instructions for defining an
30 approximation equation for a set of points corresponding to values of a process being
monitored and program instructions for predicting an expected value at a current point of the
process being monitored. Program instructions for calculating a difference between a

measured value at the current point of the process being monitored and the corresponding




provi ded. The conputer readabl e nedia includes programinstructions for
defining an 30 approxi mation equation for a set of points corresponding to
val ues @AMePPTeCEEEGbei ng nonitored and programinstructions for
predicting an expected value at a current point of the process being

nmoni tored. Programinstructions for calculating a difference between a
measured val ue at the current point of4the process being nonitored and the
correspondi ng LAM2P376. SG M.G 4 expected val ue are provided. Program
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poi nt. [egeite lkysirustural dewentexenpl ary graph of the signal of Figure 3
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[0015] Figure 3 is an exemplary graph of a signal trace over time where the period of time
includes a transition point,
[0016] Figure 4 is an exemplary graph of the signal of Figure 3 which has been smoothed to
20  eliminate noise.
[0017] Figure 5 is an exemplary graph of a predicted signal generated from the points of the
actual signal of Figure 3 in accordance with one embodiment of the invention.
[0018] Figure 6 is an exemplary graph of a deviation signal generated by calculating the
difference between an actual signal and a corresponding predicted signal at.various time
25  points in accordance with one embodiment of the invention.
[0019] Figure 7 is an exemplary graph including the graphs of Figures 4, 5 and 6
superimposed over each other to illustrate a threshold determination for the transition point
in accordance with one embodiment of the invention. | |
[0020] Figure 8A is an exemplary graph illustrating a trace of an actual signal and a
30 predicted signal in accordance with one embodiment of the invention.
- [0021] Figure 8B is a graph of the original signal value and a corresponding graph of a
deviation between the actual signal and a predicted signal in accordance with one

embodiment of the invention.




superinposed over each other to illustrate a threshold determ nation for
the transition point in accordance with one enbodi nent of the invention.

[ 0020] Eiaarperedymiggan exenplary graph illustrating a trace of an actual
signal and a 30 predicted signal in accordance with one enbodi rent of the
i nvention. [0021] Figure 8B is a graph of the original signal value and a
correspondi ng graph of a deviation befween the actual signal and a

predi cted signal in accordance with one enbodi nent of the invention.
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[0027] An invention is described for a system, device and method that provides a reliable
and stable measure of a transition point during a semiconductor processing operation. It will
20 be obvious, 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
operations have not been described in detail in order not to unnecessarily obscure the present
invention. Figure 1 is deseribed in the “Background of the Invention” section.
[0028] The embodiments of the present invention provide a system and method for
25  converting a slope detection task to a threshold detection task, as well as amplifying the
transition features that are indicative of a transition. Threshold behavior, produces a step-
like feature on the background of a zero or a constant signal and provides simpler detection
algorithms, higher signal-to-noise ratios and more robust detectability. Threshold based
determination for transition points/endpoints provides increased stability and reliability as
30 compared to slope based determinations. In turm, more stable and reliable triggering
conditions are provided with respect to a semiconductor operation. That is, since the
transition point/endpoint is determined with a high degree of confidence, the downstream

operations requiring substantially precise measurements may be initiated through in-line




25 converting a slope detection task to a threshold detection task, as well
as anplifying the transition features that are indicative of a transition.
Thr eshohdvrebasagaigpr oduces a step- |ike feature on the background of a
zero or a constant signal and provides sinpler detection algorithns,

hi gher signal -to-noise ratios and nore robust detectability. Threshold
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measur enEntclal %glstiltng ereading from the slope reading. As will be explained in more detail

below, the conversion of the slope measurement to a threshold measurement removes the
uncertainties associated with the noise levels that impact the small differences being
analyzed for the derivative measurements éssociated with a slope measurement. Thus, a for
25  more precise detection of a transition point in real time is enabled. The small changes in
slope that indicate a transition point are masked by the noise in a slope measurement,
however, the embodiments described herein substantially eliminate the noise from impacting

the determination of the transition point.
[0030] Figure 3 is an exemplary graph of a éignal trace over time, where the period of time
30 includes a transition point. Here, signal 110 is plotted over time. In one embodiment, signal
110 originates from an eddy current sensor configured to detect a process parameter
indicating a transition point during a semiconductor operation. It should be appreciated that

other signals for detecting transition points during semiconductor operations can be included




uncertainties associated with the noise levels that inpact the snal
differences being analyzed for the derivative neasurenents associated with
a sl operLapeesmedsmLc Thus, a for 25 nore precise detection of a transition
point inreal tine is enabled. The small changes in slope that indicate a
transition point are nmasked by the noise in a sl ope neasurenent, however,

t he enbodi nents described herein substantially elinmnate the noise from

i npacting the determnation of the transition point. [00301 Fi ?ure 3 is an
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act ual séagtiane tatagendriatmcordpneedwith evhe engtaidirhénteofdtht dnyantiot. | As akeor dance
wi th one,.enbaqdinent .of the invention, . S in. Figure 5. the predjcted
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shoul d be 20 appreciated that the approxiimation equati on may be any .

pol yAoniagpregigipdithaihe mmroxigatiph gquation may be any polynomial equation. For example,

the approximation equation may take the form of a linear equation, a parabolic equation or

any other higher power equation.
[0033] Figure 6 is an exemplary graph of a deviation signal generated by calculating the
difference between an actual signal and a corresponding predicted signal at various time
25  points in accordance with one embodiment of the invention. Here, line 112 represents the
difference between the predicted signal and the actual signal over time. Region 114
represents a corridor of noise. That is, an offset can be applied to the difference between the
actual signal and the predicted signal to define a corridor of noise in which points outside of
the corridor of noise would be considered valid points for a transition point. In essence, the
30 corridor of noise defines a boundary around the difference between the actual value and the
predicted value. In one embodiment, the offset is chosen as 3 times the value of the standard
deviation, i.e., 36. Thus, where the noise distribution is configured as a ‘Gaussian

distribution, then 3o will cover 99.7% of all the points of the distribution. Therefore, out of




t he approxi mation equation may take the formof a |inear equation, a
parabolic equation or any other higher power equation. [0033] Figure 6 is
an exenmplanysgisapniaf a devi ation signal generated by cal culating the

di fference between an actual signal and a correspondi ng predicted signal at
various tinme 25 points in accordance with one enbodi nent of the invention.
Here, line 112 represents the differeng¢e between the predicted si gnal and

the actual signal over tinme. Rggion 114 represents a corridor of naise.
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my use a W er corr an processes requiring a | ess degree
of accumgbmqinmdetoﬁnggmacldmw&ﬁgiﬂmtramﬁhm@omm nor e than one

consecut i nt out.side the boundari.es oL t he corrldor nQi s be
oo v od0¥E1 Bt AR el Bt RPENE T Bo P Aot R BIGh <
an exe”@'r@ﬁéf[e&él%ﬁil ih bbdb3ddmRt Wi cheldhoRiRdnt 3P tRGhWStioR! INA 18 WpRsents a

20 plot of a process parameter reading over time. It should be appreciated that the process

parameter a process parameter associated with a film thickness in one embodiment. Region
121 of the graph represents the pre-transition region, while regién 123 of the graph
represents the post transition region. Thus, line 120 represents two continuous processes,
e.g., a pre-transition region process and a post-transiﬁon region process, and in between the

25 two processes is an interrupt in the form of a transition point. The transition point here
indicates a change from one state to another state. While the embodiments described herein
refer to semiconductor processes, it should be appreciated that the methodology may be
applied to any system where a transition is occurring and a slope detection process may
capture the transition from one state to another state.

30 [0036] Still referring to Figure 8A, a previous section or interval of data, for example section
n of region 121, is used to predict the value at a later time point. In one embodiment, a
polynomial equation, such as a parabolic equation is used to derive the predicted value

corresponding to a most recent data reading. Here, a section of data, also referred to as a




predi cted signal in accordance with one enbodi nrent of the invention. Line
120 represents a 20 plot of a process paraneter reading over tinme. It

- shoul d bgraPpicReimigd that the process paraneter a process paraneter
associated with a filmthickness in one embodi ment. Region 121 of the
graph represents the pre-transition region, while region 123 of the graph
represents the post transition region.9Thus, |ine 120 represents two
conti nuous processes, e.g., a pre-transition region process and a
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enbodi nent, a polynom al equation, such as a parabolic equation is used to
derive F?ﬁorbﬁhé(ﬁla@tléﬂss%lﬁiﬁ’ém%rrespondl ng to a nost recent data reading.
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starts tPE098es tong teadioksteqiionanracess gahanges @mphifisg) the frapgition sdafed ghagey 122
of Figurg Sﬂ%thef]?%ﬁ@ﬁfoﬂ' ﬁﬂbé’gm?%mhﬁa%a%ﬁdyl%kféay”@aﬁnﬁgav be used to detect -

where the actual si gna
20  [0038] Figure 8B is a graph of the original signal value and a correspondmg graph of a

deviation between the actual signal and a predicted signal in accordance with one
embodiment of the invention. The upper graph of Figure 8B represents the actual signal of
Figure 8A. For example, with respect to semiconductor process monitoring, line 120 may
represent a trace associated with a signal from an infrared sensor, an eddy currént sensor, a
25  vibration sensor, a temperature sensor, a sensor configured to detect reflected spectra, etc. A
transition occurring at time t, is detected through deviation trace 128, also referred to as a
delta trace. Regions 124 and 126 represent regions where the predicted value deviates from
the actual signal as positive and negative differences, respectively, from the actual signal.
[0039] Delta trace 128 of figure 8B represents the difference between the actual signal and
30 the predicted signal over time. Region 114 represents a corridor of noise. It should be
appreciated that delta trace 128 and the trace 120 of the actual signal are likely to have
background noise associated with each trace. Accordingly, trace 120 is likely to be similar

to the trace of Figure 3 and delta trace 128 is likely to be similar to the trace of Figure 6.




predi cted val ue deviate. As will be explained further, the conversion of
the sl ope detection process to a threshold detection process enhances
(anpli f i1as)2r8teesd/maasi tion rel ated changes so that the transition can be
nore accurately and precisely identified. 20 [0038] Figure 8B is a graph of
the original signal value and a correspondi ng graph of a deviation between
the actual signal and a predicted signdl in accordance with one enbodi nent
of the |nvent|on The upper graph of Figure 8B represents the actual S|gnal
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transit |fmmhqmeduce theOPbBhbility cﬁfrtaefaﬁasimﬂitmnt[n ohélembédlﬁﬁht dlic 6ffiet erauyrotbe of
noi se is set at .3 sta %%?rd,g s (3a) of delta trace 128. Thus wher e
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exists 10 for a point to fall out5| e of corr nol sé and not be
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transition point to further reduce the probability of a false positive. In

one 28mbdpiavesask | Thlh?e forf freeise qmratnms wigere it a false positive would be costly and cause

irrecoverable damage, three or more consecutive points outside the corridor of noise may be
chosen to provide a high degree of confidence. Where the operation is not as demanding it
may desirable to choose less than three points.
[0041] Figure 8C is a graph illustrating the actual trace and the delta trace of Figures 8A and
25 8B superimposed with the predicted value trace, all of which are used for the conversion of a
slope based task to a threshold based task in accordance with one embodiment of the
invention. Trace 120 represents the actual sensor reading. Trace 136 represents the
parabolically extrapolated predicted value. Trace 128 represents the delta trace which is the
difference between the actual sensor reading and the corresponding predicted value. The
30  parabolically extrapolated predicted value includes a parabolic approximation associated
with a selected interval of data points and a parabolic forecast to a most recent data reading.
Delta trace 128 is calculated by subtracting the parabolically extrapolated predicted value for

the current point and a number of foregoing consecutive points. Thus, a threshold may be




15 necessary if a reasonably high nunber of consecutive points outside the
corridor of noise is wused or larger than 3a noise corridor is used. It
shoul d bangppreaeimied that any nunmber of consecutive points outside the
corridor of noise may be defined as the trigger for a transition point.
The hi gher the nunber of consecutive points required to indicate that a
transition point has been reached, thd nore confidence that the actual
transition point has been 20 obtai ned. Thus, for precise operations where
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determnation of the 10 delta trace proach of Figure 6 js superior than
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based deheihet AHHIE I tHeFRSceSHRE toof BANERrd pRIcORMMBSIL € the noise in the
threshol d based determnation is el mnat eg as a concern by defining an

of f 26t dP043} Figure 9 is a flowchart of the method operations for a method for converting a slope

based detection task to a threshold based detection task in accordance with one embodiment
of the imvention. The method initiates with operation 140 where an approximation equation
is defined for a set of points. The approximation equation for a set of points corresponds to
values of a process being monitored. For example, a polynomiai equation, such as a
25  parabolic equation, as discussed above, may be the approximation equation. The process
being monitored may be monitored through eddy current sensors, infrared sensors,
temperature sensors, vibration sensors, etc. The method then advances to operation 142
where an expected value at a current point of the process being monitored is predicted.
Here, the polynomial equation takes a data interval of a number of consecutive points and
30 predicts an expected value for the current point. In essence, the polynomial equation allows

for forecasting the current point from past data points as described with reference to Figure
8A.




requiring a nunber of consecutive points outside the corridor of noise
prior to initiating the recognition of a transition point. Once a

transi t panmaperddcmae been achi eved, it should be 15 appreciated that

anot her defined operation may initiate or an endpoint for a current process
may occur. Wth respect to sem conductor nmanufacturing, e.g., etch,
deposition CVMP operations or any oth@r surface nodification process, a
first may have been added, renoved, planarized or nodified, and then
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but Ps KEEkarowRd BRIs Horhngdiqalpg adransdion avinsand; lopeenongh sothe He degielioe may
be capt ys&d ﬁﬁg& dqgf‘#ﬁé%&ﬁ@rﬁ@@m‘iﬁ%‘éEde%ﬂe@fi%vgsi% ﬁdk%&%?‘%ﬂ&&ff&? Thgur es

8A-C. Thus erence ween” the neasuré ue at the current point
of the pn@b@kmemnald\taheescm ppEpidodilAY vehgpect ednsitidru@oint Somtind porcest banglet ect

a deviation v ue.jn, ration 146. The devi n value may 10 defi ned
ne o nonmtobd 5 ideBu RS HataoPn 180 sisteefiore o o, qaviatpn cralfror B cdies bt ne
nunber Qf'a.nsﬁ@ﬂ%8{%1%'Eﬂa‘freenﬁ%é‘Eﬁré?ﬁ)ﬁr&%ss%}?erﬁfon%ﬁ%géé? aabaAeF p&@&@%%ﬂ&ﬁ the

difference may al so

20  or simply end the current process.
[0045] Figure 10 is a high-level schematic diagram of | a processing module in
communication with a detector configured to convert a slope detection fransition point to a
threshold detection transition point in accordance with one embodiment of the invention.
Processing module 160 may be any processing module, e.g., any associated semiconductor

25  processing module such as a CMP module, etch module, etc. Detector 162 1s in
communication with processing module 160. For example, sensors located within
processing module 160 may be used té transmit signals to detector 162. Detector 162 is
configured to convert a process in which slope determines a transition point to a threshold
detection process where a threshold value is used to detect a transition point. That is, the

30 embodiments described with reference to Figures 8A, 8B, 8C and 9 convert the slope
detection process into a threshold detection process are performed by detector 162.
Furthermore, the changes occurring in the transition point are enhanced so that the threshold

value can be readily detected. In one embodiment, the threshold value is defined as a




calculated as a ratio, a square of differences, etc. That is, the term
difference as used herein refers to a broad range of neasures that

i ndi cat ¢ aaneensgaiiged difference between two values. Alternatively, an
of fset may be used, where the offset is high enough to avoid 15 background
noi se fromindicating a transition point and | ow enough so that the
deviation value indicating the transi®#ion point may be identified, i.e.,

is not masked by the offset. The nmethod then advances to operation 148
wher e a diffesersicttiebreepdnmctiyab signideandraopredistedsiigng] andescrieaddeerein. ilagwttldsheed
based o tJ f evj af i val ue. Of _cour . [Lion
o nt mapiefatfiEa dsf it 165 B BirePll e 'S rembrBC R Bl e phosPRTL
oper at i @peralén BEingi pERfoymeddn tpRceSditig efdidulyr DSES Detdc@R4BL MbgWERivEGigmla

hi gh-1 evel schematic diagram of a processing nodule in conmunication with
a det ecti®m samprsgeAndiguied O gRORIFQT & cRMPRRtiQIEERange O & Fal§Thenghandesaiibed a

t hregho t i Lo NOi j : i i of
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any assabeitlabegh selobaiodpict or 25 processi ng nmodul e such as a CMP nodul e,

etch nmo etc. t ect.or [.162 i.s in gonmunicat ] W th process, dul e
160. FOM‘&%&&%‘? e s 1Agrapy e _@Yﬁmﬁ@%@l R used
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a process in which slope deternmines a transition point to athreshold
det ect i ercopdarce yathnwhes embodihress hbKle Wnatnimni sCogeadlet d 64 éndedesaletactonslioli on

poi nt.. at_ |S he .30 enbodi nent s described with reference to Figure
e, e LraliE | if B SRIHED CUe RGN BRSTeds: | Ehios e pnipins
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occurring in the transition point are enhanced so that the threshold value
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det ect orsulidhtaTey2. b@oHslgen pa@li 7 us ABPEsedoiFRY isRiinieR Nitded Ibkit NF6! NBetpitoc €651 Ng
operation being perfqornmed in processing nodule 160. Detector 162 nmay
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processi ng no et ector hrou ose op.
[ 0046] MEpguatien by defirAng ianpéliaf ireck betvenmtancadiagsigml ehdaa Gidictyd tsemmhayi ng
an infrare en%;)r to detf:.r m ne a tragsi tion point of a sem conductor

d.
substra Soﬁ’é’ieaé‘“ rgferselp U Sot3fide with one enbodi ment of the
i nventi qpo47Fekrel128fs 4 QfinpiIdUdBSmM! 8fPim L%2% processing system having eddy

20 current sensors configured to determine a transition point of a semiconductor substrate being

processed in accordance with one embodiment of the invention. Controller 164 includes
detector 162. Controller 164 is in communication with eddy current sensors 180a and 180b.
Eddy current sensors 180a and 180b may be configured to monitor a process parameter such
as thickness of a film disposed over semiconductor substrate 162. Where the processing
25 system is a CMP processing syétem, polishing pad 174 planarizes a surface of
semiconductor substraté 172. Polishing pad 174 is disposed over backing 176. Detector 162
converts the slope based detection output of eddy current sensors 180a and 180b to a
threshold detection process. Here again, detector 162 tracks a difference between measured
values and predicted values in order to detect a threshold deviation value that indicates a
30 transition point.
[0048] Figures 11 and 12 depict specific embodiments of sensors used for semiconductor
fabrication. It should be appreciated that the embodiments described herein may be

associated with any type of sensor that is capable of monitoring a composition change or a




10 Controller 164 is in communication with infrared sensor 166. Infrared
sensor is contained wthin carrier plate 168. Sem conductor substrate 172
I S suppqabhvePyasamsi carrier film170 wthin carrier plate 168. Infrared
sensor 166 has a line of view through window 178 to sem conductor
substrate 172. Polishing pad 174 planarizes a surface of sem conductor
substrate 172. Polishing pad 174 is di®posed over stainless steel belt 176.
Det ector 162 15 converts the sl ope based signal process associated with the
i nf r ar edtatedwoge.t Bxemplarycomyioditioh gbanges inphade. sutfaceosnenmsitioni orenges whisee 51 ope

based si | is. converfed to a threshold based operation by _defining. a
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schemati c diagram of a processing system having eddy 20 current sensors
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of semiconductor substrate 172.  Po 1/4 1s disposed over backing
176. Detdetirminefldy a thoeshekd detdchion sthopee dradsscriltbdtherdin.o Onewkplstl infheatiyill
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indicates a 30 transition point. [004 Figures 11 and 12 depict specific
enbodi nendisatifg & enswpsitios @d af Hate shaigeomay bearsed fvatlr theaatlesliments siseauibad be

appreci ated that, the enbodi nents descr,i bed, herei.n bg, .ass0C| ith
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surface conposition changes where a first layer is renoved and_a second

| ayels i Presaseded-Hr semiconfusta wefeanoblsj eempongnt (of atfie proesspiig Jnade-of-Swaf er
I's nodifj gﬁg I [ C r I quid to a
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a poi nt exemplamhiseiboss dedpizsidns@B configusd ab aletdra ngustawel eapacdinceheeilected
transition paint, a property, which is nonitored through the sensors
descri betEhheipRoOL.Sfanges due to the processing conditions. Targeted
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20 converting a slope based detection task to a threshold based detection task. An
approximation equation, such as a polynomial equation, is used td predict an expected value

at the current data point. A difference between the expected value and the corresponding
actual value supplied from a sensor is monitored to detect a transition point. The monitored
difference may be captured as a delta trace as described herein. The tracking of the

25  difference allows a threshold value to be defined. In one embodiment, the transition point
occurs when a pre-defined number of consecutive points of the monitored difference are
detected outside of a corridor of noise. An offset may also be provided to define a level
where a detected point, i.e., value of a difference between an actual value and a predicted
value, outside of the offset boundary indicates a transition point. By converting the slope

30  detection task to a threshold detection task, a stable and reliable transition detection system
is provided that avoids the need to analyze derivatives as required by the slope detection

tasks. Additionally, the delta trace described above enhances the changes occurring at the

transition point in order to more readily identify the transition point.




vi bration, chem cal conposition, etc. This change is nonitored and the
transition point is determned by a threshold detection schene as

descri bedresRiguymeae skilled in the art will 10 appreciate that the

enbodi nents described herein are not Iimted to the specific types of
sensors descri bed above. Mre particularly, any sensor configured to detect
~a signal indicating a conposition or & state change may be used with the
enbodi ments descri bed above, whether or not the sensors are associated

wi th a Je0f0d o¥ily dremborebmbedimicots ipnond dsshonld beshdetstbod dhdt ihe meentwygnati at ed

that the _sensors can detect the change through the object Dbei.ng

br ocess GBI gaol oRBHiT bR FERE Ioesp R Sivobiie bt Sore o sdTursy
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directly or indirectly. Some exenplary sensors i1nclude sensaors configured
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conputer systens. These operations include operations requirjng physical
mani pul APHEH 32 PAIPSF davicesyubhn jamyer readshla Pedipmagipliote Hatibukdaveya
these qﬁ%&&'cﬁﬁpl%@%&n?ﬂt@r é)gfem o n%ﬁ{ fﬁgtcbing)ﬂ{er Péagg’olgﬁgﬁl?fs'sﬁ)réd gueLecgepabl e
of being stored, transterred, conbined, conpared, and ot herw se
20 in a distributed fashion, _
[0053] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments
are to be considered as illustrative and not restrictive, and the invention is not to be limited
25  to the details given herein, but may be modified within the scope and equivalents of the
appended claims. In the claims, elements and/or steps do not imply any particular order of

operation, unless explicitly stated in the claims.

What is claimed is:




mani pul ated. Further, the manipul ations perforned are often referred to in
terms, such as producing, identifying, determning, or conparing. [0051]
The aboyandeswisdmtgi nventi on nay be practiced with other conmputer system
configurations including hand-hel d devi ces, m croprocessor systens,

m cropr ocessor-based 10 or programabl e consuner el ectronics,

m ni conput ers, nai nfrane conputers andséthe |ike. The invention may al so be
practiced in distributing conputing environnments where tasks are perfornmed
by renote processing devices that argk&hgked t hrough a conmuni cati ons
network. [0052] The invention can a e enbodi ed as conputer readable
code on a corput erA nrettadafolr eomestiingna slére basag deectiortadald @ thegholdhbasedany
data starage device that can store 15 data which can be thereafter read by
a conpu%@? PsPmCOBRYHBBes of the computer readable mediuminclude hard
drives, net Wéﬁniﬁ%taﬁ%ﬁﬂ)x%%cﬁﬂgqu(aw}@r 4 8AGTPBIns H&P&Rd(ndiﬁgﬂﬂﬁﬁﬂheswss
menory, CD-ROMB, Rs, CD-RW, magnetic tapes, and other optical and non-
opt i cal poecess being mgnitetedii ces. The conput er readabl e medi um can al so be
distributed qver .a network, coupl.ed conput.er stem s@ t hat the .conputer
eadabl e coddTacegnarPeie Ao R of M wPioh Rebd Momieh T oosa)
Al t hough t he chleiRgRs Adiffd¥veitidcticdiasmbaRfeddREed iR cirfens Bt B thaigrodess
purposes of clarity of understanding, it will be apparent that certain
changes batig masdiorgdoand; thp eorprsponsing gpgeted dalgeini t hin t he scope of the

appended cl ai . di: . I | der ed
as illustrat in\ll;ggmgﬁﬁg %getdlﬁgllse%é?? {éﬁ% \t/éé):E gggﬂgﬁlﬁgpﬁnven fg%}nthlgé& r?%)éf:}e?galgge)gﬁ mted
25 to t hiee cpeetell salgeyvad herein, but may be nodified within the scope and
equi valents of the appended clains. In the clainms, elenments and/ or steps
do not i nply 9GWilaag @ lagrEen gPHE fordhe pEIsessGiRgh mogHped dagsd @aet elFciPnt e
in the ¢rald®viatBatafys, ¢l ainmed is: LAMP376. SG@ MG 16 Clainms 1. A nethod
for converting a slope based detection task to a threshold based detection
task, conprising: defining an approxi mation equation for a set of points

corresponding to | ues. o rqQcess bei,ng noni.tor ed; .edicti an.
expect od val de. at ‘Dedinbin ol galh. heis i weRss gt el tof pSndiial
cal cul atéyfgion, di fference between a neasured value at the current point of
the process being nonitored and the correspondi ng expected val ue;

3. The method of claim 1, wherein the process being monitored is a
semiconductor process selected from the group consisting of a chemical mechanical

planarization process and an etch, deposition or surface modification process.

4. The method of claim 1, wherein the measured value is generated by a sensor

configured to detect a property associated with process being monitored.

5. The method of claim 1 further comprising:

tracing the difference between the measured value and the corresponding expected
value; and

defining a corridor of noise, the corridor of noise providing a boundary, wherein

which the deviation value falls outside of the boundary.

6. The method of claim 1, wherein the method operation of identifying a
transition point for the process being monitored based on the detection of the deviation value

includes,




monitoring the difference to detect a deviation value between the neasured
val ue and the expected value; and identifying a transition point for the
processLmng‘SML@r ed based on the detection of the deviation value. 2.
The met hod of claim 1, wherein the approxinmation equation is a polynom al

equation. 3. The nethod of claim1, wherein the process being nonitored is
a sem conductor process selected from7the group consisting of a chem cal

mechani cal planarization process and an etch, deposition or surface

modi fi cat i onigantifessmod: thiheneredhmdutife miats n Whichites déviationevalmeassocetedval ue

i s generated sensor confiqured.to . detect a property associated with
process P '%@g ﬁf)ﬁietab 8% tvg .COlTsr‘?Q%H‘?tH%‘HS Brouds: ?r?cirgflﬂf‘?frﬁﬁ%ecorrpr i si ng:
tracing the difference between the neasured value and the correspondi ng
expected value; and defining a corridor of noise, the corridor of noise

provi di ng a Bounddhy, methed eifrclaiwhil c whetesn dlasy apnrosimaligh Laquatignssdesives itlie  of
the boundary.. 6.. T nmet hod of aim.1l wherein the nethod operat. of
dent 11 gensted Vetps M g ik Sl ST akte BPSEEL vba i e BREl LD o
t he det peddesybedig mbgitsleyi ati on val ue includes, LAM2P376. SE M.G 17
identifying nore than one consecutive points in which the deviation val ue
associ ated with each of the at | east two consecutive points is outside a

corridor of nRoi Seﬂﬁn}_&ﬁod@téfﬁ% of ﬁﬁe?i Ul ﬁsﬁz@erei n the approxi mation
i the Véf'flue i

equati ons derives expect e roman®interval of past data

gener at ed by ia resposgr toakisaifyaigettic wtdnkitioh @oimy) aigstng ah rgdnafnthe eredssidg The
met hod of , claim 1, further conprising: in response to identifying the
transi t P6WEERRHPred i ggering an end of the processing being nonitored. 9.
A sem conduct or processing system capabl e of detecting a transition point
for slope change transitions through a threshold determ nation in real
time, conpri$ing: Aasgmiccebsiongrovestingesystent ¢apableaf teteptingagansitianamiinidnduct or

et er bl Badeli et Por aietor 250GLAL Y I NG SS T Sandugt o vaf er
" a processing module configured to process a semiconductor wafer until a defined
parameter associated with the semiconductor wafer being processed is obtained, the
processing module including;
a sensor configured to monitor a process parameter associated with a process
operation;

a detector in communication with the sensor, the detector configured to compare
measured values to predicted values, the measured values indicating a transition point
through a slope change, the predicted values being derived from previously measured values,
the detector further configured to track a difference between the measured values and the
corresponding predicted values to enhance a change at the transition point to enable a

threshold deviation value to be defined, the threshold deviation value indicating the

transition point associated with the process operation.

10.  The system of claim 9, wherein the detector is configured to initiate a
transition associated with the processing system when a difference between the measured
values and the predicted values for at least two consecutive time points exceeds the threshold

deviation value.

11.  The system of claim 9, wherein the processing module is selected from the

group consisting of a chemical mechanical planarization module and an etch module.




processi ng nodul e i ncluding; a sensor configured to nonitor a process
paraneter associated with a process operation; a detector in conmunication
wi th t hessersescgiipe detector configured to conpare neasured values to
predi cted val ues, the neasured values indicating a transition point

t hrough a sl ope change, the predicted val ues being derived from previously
nmeasured val ues, the detector furtheri8onfigured to track a difference

bet ween t he neasured val ues and the corresponding predicted values to
enhance a change at the transition point to enable a threshold deviation
value to be degfin t he th on_val ue

{ransition pdin adscrarLat (PR R Bbe SobPe FEerBith ey Mt ot s o

cl ai m 9 proesy phianich, €et priceds paameRf VaHiRe at GniNdft & Aotpdsitibh adndi 4 iseite
aSSOC|ated with the processin stem when a difference between the

nmeasur edhanggp.ubs coppositien Gﬂédﬁ%ﬁé@ ungessassopatgd wikhere phihecssriendisioe tine
poi nts t value 11. The systemof claim?9,
mherein%%ﬁg%%?gé%s %Hgﬁ%@g&ﬂgo%§¥ggkkﬁ.gd fromthe group consisting of a
chem cal nechani cal planarization nodule and an etch nodul e.

LAMRP376. SG M.G 18 12. The system of claim9, wherein the Sensor i s
sensitive to gari atieofySHm t eca%ﬁé%é§%mEQTgﬁb§%¥°rf%éeﬁﬁﬁééggn F YRy
varying c%ﬁmﬁﬁ'% of aft e&@y”EQﬁb | RRsANEh 3nfPdrd SensbP AN 9f%a Jmﬁah@eng&”ﬁﬂ% stx%r and
the state c ges aSSOCIate w th one of the sém conductor wafer and a
conponerpbnbfurché gatent esflsicred spetal e. 13. The system of claim 9, wherein the
sensor is selected fromthe group consisting of an eddy current sensor, an
infrared sensor, a vibration sensor and a sensor configured to detect

refl ected speatra.ThbAsystERe 0§Y5ﬁi‘irﬁr9 Ofhérbial thE YetebhRriSicOnfifRed @6 Q6dcRlatd &n
configured to associate an fset configured to substantially elimnate

backgr owifeh epnfigured to |Snbsialft@ilv re}imynath haskground awive| fomeinggrfrringt wish . thas,
The systel n1of I@Jn19 wherein the threshold deviation value occurs at a
tinme p0|n é%??g ng to a slope transition associated with a trace of
t he measured values 16. A conputer readabl e nmedia having program
instructions for convertin sl ope bhased detection task to a threshold

based detectilon t ake sysism? hd icdaimg?, whesin the threshold devigfien vepe gequrnatigtimg
approxi %ﬁﬂt%eng&%ﬁ&fng o Lgfopg n%ﬁsHuéH asgt%lé%é with a trace of the measured values.

16. A computer readable media having program instructions for converting a
slope based detection task to a threshold based detection task, comprising:

program instructions for defining an approximation equation for a set of points
corresponding to values of a process being monitored;

program instructions for predicting an expected value at a current point of the process
being monitored; _

program instructions for calculating a difference between a measured value at the
current point of the process being monitored and the corresponding expected value;

program instructions for monitoring the difference to detect a deviation value
between the measured value and the expected value; and

program instructions for identifying a transition point for the process being

monitored based on the detection of the deviation value,

17.  The computer readable media of claim 16, wherein the approximation

equation is a polynomial equation.




corresponding to values of a process being nonitored; programinstructions
for predicting an expected value at a current point of the process being
noni t or edmpsR@GAILGNSt ructions for calculating a difference between a
nmeasured value at the current point of the process being nonitored and the
correspondi ng expected val ue; programinstructions for nonitoring the
difference to detect a deviation val ud9 between the neasured value and the
expected val ue; and programinstructions for identifying a transition point
for the procd8s bdhagompwar reedable madedf glvimHé, ethereonaiissig: t he devi ati on

appr oxi mat | oA EkibE R sFa: B Rl BBaShoCte g 15

The conpoirésponidiagabdeetadndive; @fd cl aim 16, further conprising: program
instructions for tnacing@%he di fference_between the neasured val ue, and t he
cor r espondi n§Teske detiyclensfer defiing a sgrriier ioh 8pedhe saEidphel PRIFS POKGNE

cor 11 d0h Kalndl) StherliRSIFAH ik ARYiaRln ARhBIRLAUA Pt Bub@Pdary. vherein

whi ch the devidtion val ue S outs e boundary.




