1 METHOD AND APPARATUS FOR SLOPE TO THRESHOLD CONVERSI ON FOR PROCESS STATE
MONI TORI NG AND ENDPO NT DETECTI ON 5 BACKGROUND OF THE INVENTION 1. Field
of the Invention [0001] This invention relates generally to sem conductor
manuf acturing and nore to particularly to real time netrology for process
and wafer state nonitoring in sem conducfjor rmanufacturing operations. 2.
Description of the Related Art [0002] During sem conductor fabrication,
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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.

[6003] 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 semiconducfor 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



associated wth data points corresponding to the process paraneter changes,
thereby 2 <creating an indicator of the endpoint or transition point.
However, sl ope change detection requires usage of derivatives, which are
associ ated with reduced signal-to-noise ratio conplicating this approach
[0004] Figure 1 is a graph of a thicknesg of a sem conductor wafer being
nonitored over 5 time during a processing operation, such as a
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i nventi omemuc@ndﬁaasmﬂma:hdael ow. 30 [0007] In one enbodi nent, a nmethod for

converti rig OaS s| ope based detection task to a
005] As a result, there is a need to solve the problems of the prior art to provide a method

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 cortesponding 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 of a process being nonitored. Then, an expected value at a current
poi nt of the process being nonitored is 3 predicted. Next, a difference
bet ween a neasured value at the current Point of the process being

moni tored angd t he corresPondin expected value is calculated. Then, the
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program a process parameter associated with a process operation. The system includes a detector in
20 comununication 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 to enhance a change at the transition point to enable a threshold deviation
25 valuc 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



instructions for converting a slope based detection task to a threshold
based detection task is provided. The conputer readabl e nedia includes
programinstructions for defining an 30 approxi mation equation for a set of
poi nts corresponding to val ues of a process being nonitored and program
instructions for predicting an expected ¥alue at a current point of the
process being npnitored. Programinstructions for calculating a difference
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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.



25 points in accordance with one enbodi nent of the invention. [0019] Figure
7 is an exenplary graph including the graphs of Figures 4, 5 and 6

superi nposed over each other to illustrate a threshold determ nation for
the transition point 1in accordance with one enbodi nent of the invention.
[0020] Figure 8A is an exenplary graph ilBlustrating a trace of an actual

signal an redi.cted signal in accordance wth one enbodi nent of the
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[ 0022] Fi glope Bed $ask gr aphreshdldshasad itasly inheccaedaned witdnote antbodherdedft te
trace of Figures 8A and 8B superinposed with the predicted val ue trace,

all of V\hil%v%né?% used for the conversion of a slope based task to a

t hr eshol d[d23edidash ii B 1R ' : | ' iR S
[0023]° Fi gura s o bt FIneRBaeanaR, bl BRGRERoRt AFuneY chonye IHERS| 8
converti nga@dﬂet@@éon trals éal 2 dleedpid basctlaklection task bn estoodaulcd ashcdmensedinemt
task in agf{%qﬁw&a i th one embodi nent of the invention. [0024] Figure 10
is a high-1eve Schematic di agram of a processing nodule in comunication
with a defi@eupFiguenfi@uised tgICRRYEN dchamBiOP@agateds N Jrb@asihnki ahaari Nh to
a |0 threshold detection transition point in accordance with one

embodi menOBIUAKALIHhYERtY drectproodbiguridgarcentat p slopegictastiph itmdsitioh et ite a

di agr o] i an. infrared sensor to.,.deternne a .
transfbm O%r%&%eﬁ%ﬁ%ﬁ?gﬁﬁé@g J@P%lra%gé@%?ﬁ'ea\?l B %6%%3%@136 Hyention.

accor danci025} Rigoree1 bribadiimphficd tclchetic U eitin0sY. a (AR &lystEhOHEEnd 2n i ififrfred
sinplified schematic di agram.of a processing system having eddy 15 current
sensors C%H’F?‘gf?r”gﬁewnae% SRRPIHEN PARAE Bt SeEHCqEuRler Ghbsiraie hietentiveesed in
subst r at e;ogi ' W th one enbodi mrent of the
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t hese specific details. In other 1nstances, nown process

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[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 I is described 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/endpoinis provides increased stability and reliability as
30 compared to slope based determinations. In turn, 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



operations have not been described in detail in order not to unnecessarily
obscure the present invention. Figure 1 is described in the "Background of
the Invention" section. [0028] The enbodi nents of the present invention
provi de a system and nethod for 25 converting a slope detection task to a
threshol d detection task, as well as anplfifying the transition features
that are ingi gati vg of a iransi tié)n. Threshol d behavi or, produces a step-
li ke feat (V&M% h&SphRY o araicondustorethsoughpyt £5ike Associteth aperaiiensprayitdes
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transjtion_paint i.n,accordance wth on odinent of the invention. Here,
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2 illustrates an infrared signal related to tenperature, other signals,
e. g. 2BddyPUGRF @ritangidne ppt. Foprexes, o stated above, the background noise prevents a stable

an accurate real time reading 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 associated 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 signal 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



optical refraction, etc., wll exhibit simlar properties. That is, the

snoot hed slope will 20 indicate a transition point. However, as stated
above, the background noise prevents a stable an accurate real tine
reading fromthe slope reading. As will be explained in nore detail bel ow,

the conversion of the slope neasurement f'o a threshold measurenent renoves
the uncertainties .aﬁgﬂg iafed wth the noise levels that inpact the small
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7 here, such as infrared, vibration, optical-based signals, . As can be
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whi ch ha ﬁl%ﬁ%sf FeRire 8 inetcrordangeew gi@@.@m@d@emﬁ lethe ligeeitips. hHercaan

regul ar sijausg) 186 Tl %QP‘:T. [ S t Sj ,
Wher e si gr;l)gl 1%1%2‘]){} %agggfrg(%ljsat %{lleeC va teggal(?? dg{rﬁlqg%b&ghsrlggﬁ%&]go ng%lf%{ %@%ﬁost
time, a treeandidefagnading nt oriessnsuahimeryofahe aagton, NAsHIPBe akpla@pd dx inved @dtyil

ti 00. BNt | bove, t thed sl i t able to he
112 400, RO DSgaBoNs, LDsgerpoteg slope [e ol Sble 1o bE e e
based det@prixiahin ek mtiBRo &jsvdrabl Eaté'ﬁtaﬁ{té‘ aF kh\éeaoh%'i srlgg%i @)ﬁ%%lgra'%é ??E%QF%Z

an exenpl ary graph of a predicted signal generate ol n
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1o poi isE S 8 drodRR Sl HpRBeRBtdy ik LR Bosdte R ialy hvmofie aotual ™
enmbodi merigref of egirey 8 nldod .at AsnaM b, \bﬁicﬁ%@ﬁ@&éﬁﬁdaitﬁnmﬁﬁ kAl e dpuid b

reference to Figures 8A and 8B, the predicted signal is generated by

appl ¥Png appisciated that the approximation equation 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., 30. 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



approxi mati on equation to historical data points of the actual signal to
generate a predicted real-tine data point in accordance wth one

enbodi ment of the invention. As shown in Figure 5 the predicted signal
represented by line Il Qo begins to deviate fromthe actual signal of
Figures 3 and 4 at time 100, which repredents a transition point. It should

be 20 appr at ed that g a 4 mation equati on may be any pol ynom al
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t hr ecsjltgol et rmnation for the transition point in accordance WI th aone
enbodi’ment’ e PIIFGRITE i TSRUIRR & 155 ABEr$q B 2GouEAey FaRfliiEeasIPR.ne In pgtief r om

Figure 5 e@rﬂﬁdllm&ﬁ thbze ﬁlfn@oﬁé‘&?ifshém%%@uﬁ\éﬁfmd%qﬁ@R%}flﬁﬁes bfn@ddiido ?Bf n% e

corridor of noise 114 is also illustrated be appreciate
li ne 112 M3HCIIrispt wduaey a@h@‘&ladgieg(aéltananospgmal i.e., the differ ence

corr dor OPREEe SAXT S BRAup BROBEE: AbSErTie Rarirmont A Ao el and @
expl ai neqbledlctédﬂ&iglnelrmcheb@ﬂhnd@&h%nd a8bSBnhf 64 MO inveafioMNOL7R)1208BpREents a
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plot of a process parameter reading over time. Ii 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 region 123 of the graph
represents the post transition region. Thus, line 120 represents two continuous processes,
€.2., a pre-transition region process and a post-transition 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 o 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



hi gher or | ower confidence level that a transition point is being detected.
For exanple, processing requiring high degrees of accuracy and precision
may use a wi der corridor of 15 noise than processes requiring a | ess degree
of accuracy and precision. In another enbodi nent, nore than one
consecuti ve point outside the boundaries9f the corridor of noise nay be
required to trigger acknow edging a transition point. [0035] Figure 8Ais
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The act ugb that the transition can be more accurately and precisely identified.

20 [0638] 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. 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 current sensor, a

25 vibration sensor, a temperature sensor, a sensor configured to detect reflected spectra, etc. A
transition occurring at time 4 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.



10 signal and the predicted signal are substantially equal as |long as no
transition occurs and the projection (extrapolation) distance is not too

| arge. That is, the difference between the value of the actual signal and
the value of the predicted signal (represented as Si-Y where Si is the
actual signal and Y is the predicted sigm&l) is close to O within the noise
| evel . However, once the transition occurs the difference between the
actual si \éﬁér 155 e ares greckiiredy suhans npdsel Sssaciated svithoedoh tiane rathsi thah Ye gmeather

than 0, Siz.Y.> . A.122 of Fjgure 8A. Accor.di ngl
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the act uafurttbgrdlicathe protediiity od afane poliack 9LOURdcMBb &SRS Qméﬁ&%ag Adi veach
trace, Accordingly, trace 120 is likely to be simlar to the trace of

Fi gur® 3 26585581 i & fepspaably hgeh Bumbgedfyconscchiive pointsaqutside teecarridereofafoiss igur e
6. 10 Thabdios labBeibh 368 Ll \ e jse associ.ated with eac
trace rather than be %m)giﬁ)ﬁéer ﬁlhgéﬂ&ﬂﬁ%@e? fé‘ér(hec{uﬂfh% a%??lﬁégﬁh%tfanﬁo‘?%bqré&
conf i gur egnseutisk pointt autside tentorfidre afeioe theved dgded bh@e GReaN@r Serdnevieh
does not acfr tl(]}ehdeterm' nat i ofg of the transition point. At the sane
tine, thé Hynf PudEIaiEoniapey; detPrseruy cutpenisreasicddp infisatedhpy adrnsition
noi se i s pRRASEL S6ert Rakhy, tie 1&15?%”@61%%%909(%&“&16%?&%? t&zﬂ?t%?l' ﬁginlt %glbeen
i.e., the corridor of noise is not so large as to nas he™t PRSI on
poi nt20  obtained. Thus, for precise operations where it a false positive would be cosily and cause
irrecoverable damage, three or more consecutive points ouiside 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



[ 0040] In one enbodi nent, the offset of the corridor of noise is set at 3
standard deviations (3a) of delta trace 128. Thus, where the noise is a
Gaussi an distribution, then 3c will cover 99.7%of all the points of the
di stribution. As described above, a probability of 3x103 exists 10 for a
point to fall outside of the corridor oflinoise and not be the start of a
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sensor readin eecgq the corresponding predicted value. The 30 parabolically
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nunber of fore 0|1 n %Epsecut lfvg gchﬂ]
defi ned WRERYEFhE GRIZH or Zedifie o) thp suBicppdicHyi wafer B be Frasitionadnit e,
defi ni ng adoMePBRHulcHH t}fe%§&%bihg‘t’c%lB?hmﬁ’er&lﬁdﬁb&?mh fdjoi se |l evel prior to
acknow edgl nﬁ that a transition point ccurre WI 11 provide a high
conf i2Z8end 8043 \agure Fais atfhevabarndith¢ orethodi aperatiene fori natihod fbsconverting a slope
based detection task to a threshold based detection task in accordance with one embodiment
of the invention. 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 polynomial 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
BA.



accurate. One skilled in the art will appreciate that a transition point

i ncl udes an endpoint as 5 used herein. Wiile a parabolic equation is used
as the approximation equation in this enbodinent, it should be appreciated
that any polynom al equation may be used as the approximation equation as
t he shape of the curve defined by the actual sensor reading will inpact
the type %&@%iproxination equation. [0042] Referring to Figure 3 and Figure
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[0045] Figure 10 is a high-level schematic diagram of a processing module in
communication with a detector configured to convert a slope detection transition 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 is in
communication with processing module 160. For example, sensors located within
processing module 160 may be used to 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 fo 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



the neasured (actual) value at the current point of the process and the
correspondi ng expected value is calculated. Here, the difference between

t he neasured value and the expected (predicted) value will be
approximately O until a transition point. It should be 5 appreciated that
the difference can be neasured in terns 8 subtraction between two val ues,
but is not_. |mted to this interpretation of difference. The difference may
be capt ur YTAENCs befrpanan gchend signaljanscs prsdivtethbgenl wh describd hetsine ¥ eheilgbees
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e.g., anyubsisaeildled®dBhinggrduridofs EbpdRe®eRes btk AWeE b aNcasD@&MP 162
Detector 162 is in conmunication with processing

nodul e, etch rmqglg eé
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F aures. SR8 i ARt o RUre 1 Sidhe. det ect | on process 1nto a
Sl e tossh s st 5 o s
t hr egRol @urent 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 system, polishing pad 174 planarizes a surface of
semiconductor substrate 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 fo detect a threshold deviation value that indicates a
30 ftransition 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



val ue can be readily detected. In one enbodinent, the threshold value is
defined as a 13 difference between an actual signal and a predicted signal
as described herein. It should be appreciated that detector 162 may be a
general purpose conputer controlling the processing operation being
performed in processing nodule 160. Detettor 162 may receive signals from
sensors confi@_’ured to nonitor a conposition change or a state change as
descri bed SHGEIBEE BrepnsempasEicachangasdaeldmsusfcosemppsideeinnges whelglae
160 and det.gctoL 162 t I : 046} Figure 11, is a
simplified sphgér%ti cmg? %dg? Ig(?nao%&g[wééﬁ%sgss%%g#agfggs ugf%cel gé Far CES%%SS? %o
det er mi ne semicondsiten enafapoisnmodified. sErtrapladueiaer cleanBsd iralwicbgienchaps® toes ad
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~eddy 20 current sensors configured to determne a transition point of a
sem condu’(’:‘g&a“%%l@s%qné\@@ltl‘j@i Pga Shiockaednivh baceet daiichewintrpdinents seatibednt
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as thjckness of.a fil mdisposed over sem conductor substrate 162. \Were the
proceSsi 0985, s¢-8m CRUCONENBIOh PiEls Ifng coptoampt pbIthe Hirergsyag modple, e.g.,
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val ues and predi Pod'Val ues in order to detect a threshold deviation val ue

that i ndijoed®sinasummary, the above described invention describes a method and a system for
20 converting a slope based detection task to a threshold based detection task. An
approximation equation, such as a polynomial equation, is used to 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 hercin. 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.



30 transition point. [0048] Figures I 1 and 12 depict specific enbodi nents
of sensors used for sem conductor fabrication. It should be appreciated
that the enbodi nents described herein may be associated with any type of
sensor that is capable of nonitoring a conposition change or a 14 state
change. Exenpl ary conposi tion changes i né¥ ude surface conposition changes
where a is re d and a second | ayer is exposed or surface
of an obj é@@f‘h ?ﬁ%%%ahﬁ%gﬁpgwmdm%ﬁélﬂould e%@ﬁfﬂp@‘gtha%ﬁm%ﬂ?nﬂ%‘t e
changes i nalpisle VaBigus NARGRIdiBM @nentddWpd. lf 2 iy © te.
In fact, a transition point r%gmbeendef :b:qeé&lg%saa{gétgvﬁl g%'ltla stt\g\)ﬁed i Aolnﬂmt&
conposi ti @If'ist@ns a Toesd epctrhiamgendudu pperafbng feqﬂrmgr@ytslcahmpmpmmoﬁ o[f rphipsicaly
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parti cul amw] dhy SRIVE0descAMdd GiweRtoh OmaetiRe r@tiéé@nﬁkh JtRG! EGhpREr dystem
a state change be used with the enbodi nents descrl bed
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fabricati further rematedthat the s Ol.S can
det ec?@t hglngﬁ’gnge le g&aﬁﬁlbﬁ S f?@g 161311?%1111@ ISy Halifame Coupyiters and the [ike.

sem conduthoimveafi@r maphlsa begimenredin Obtribhengcoossidenvidiichis vhde tasks are
pol i shi ngg)/éar? hus, the transition point may be detected directly or

i ndirectl byéﬁ%ﬁﬁ?lpé?gﬁsgaa%\ﬁgeﬁ thel wbnlseélrrbwh@@ﬁﬂnw@aﬂm@n@r@mct
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sumary, the above described I nvention scri d and a Ssys
20 converit@iad@i%m‘sakinme Bas edmgetee ctadabie raskurhds any ﬁatestmhgb dxazmdhdtedaacsmren

t ask. at o) such as a pol ynom al ation, is used to
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ore d erence

sensor is nonitored to detecf a transition p e noni
may be cafreisademsrya (JeRQMs,r GDRaLldtds) megndtier opes, afitetlier apkicalgandfndrhe
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poi nts ofnetwerknnplo@redehpdidr ls@4i@NGE tRdt@he computer readable code is stored and executed
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:



detected outside of a corridor of noise. An offset may al so 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 anal yze 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
nore readily identify the transition point. 15 [0050] Wth the above
enbodi nents in mnd, it should be ungerstood that the invention may enpl oy
vari ous conputer-lnplenented operations involving data stored in conput er
systens. These operations include gggﬁ@tlons reqU|r|ng physi cal
mani pul ati on of physi cal uantitie ssarily,
these quantitieg: taKemFW@f d?ﬁ?%ﬁgeﬁgﬁy%ﬁg%ﬁ&mn ﬁ%gﬁ%?%%ggfgnals capabl e
of bei ng st éstedgn tiskansfreinged, conbi ned, conpared, and ot herw se

mani pul at ed. Fug&ﬂﬁ{asggﬁmg@ Iﬂﬂh@@@ﬂﬂﬁmaﬁﬁfgﬁﬁnﬁmﬁmexﬁﬁhmmmmeferred toin
terms, such as ro |n%§tnil %élfylng, determ ni ng, or conparing. [0051]
The above d&@@??ﬁ%ﬁ“f% TGy be practiced with other uter system
configurations mw@ﬁudumgmhaﬁUWMEHd&d@V?b%@“DﬁﬁﬁﬁﬁﬁﬁbE%@%ﬁwmﬁggtens,

M cr opr ocesgahshas ebgghgﬁogﬁggﬁaﬁmnhje consuner el ectronics,
e T S B T RRRUL LS, POLIP UG IS WANL 80 T 21 30 e

practiced in d| environnents re tasks are perforned
by renote pmou%ﬁsmagmd@vﬁe@@mvh%%W%W@EP?ﬁ%@daP%rough a conmuni cati ons
network. [ 0052}holi@nd Meenird:aB: eatial sarbaolendodicedvais leomputher readabl e
code on a conput The conput er readable medi umis any
data stor ag’é'n"P fvahm datgee%%teé;f?ore 5 data which ¢ ge t her ez;fter read by
a conput er systehwﬂﬂwaﬁw?@§mb®T@ﬁ@oﬁﬁﬁﬁHSEPmFﬁﬁégﬁ & SR UM T ncl ude hard
drives, networks@id®ches vator age (NAS), read-only nenory, random access
menory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical and non-
optical data storage deV|ces The conput er readabl e nedi mcan al so be
distributed oveR a WetwiiR ¥otlrel ¥ tH RYEPRHPS SAGE t e conput er
readabl e coglgwbsisbdgadresl and executed 20 in a distributed fashion. [0053]
Al t hough the foregoing invention has been described in some detail for

purposes of clarity_ of understandl b ppPas t certain
changes and nodffi caPf grdiofer) "glfrt F“cg'a WCF eb'mllghe ngtg%d epgf t he

appended cl @iendudec pocsngleyted fibie tbfr gyentongstiye dff redhengical mechanica

planarization process and an etch, deposition or surface maodification 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,

3. The method of claim 1 further comprising:

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

defining a corridor of rioise, the corridar of noise prov1dmg a boundary. wherein

which the deviation value falis ouiside of the boundary



are to be considered as illustrative and not restrictive, and the invention
is not to be limted 25 to the details given herein, but may be nodified
wi thin the scope and equivalents of the appended clains. In the clains,

el enents and/or steps do not inply any particul ar order of operation,

unl ess explicitly stated in the clains. Wat is clained is: daim 1. A
met hod for converting a slope based detection task to a threshold based
detection task, conprising: defining a slope based approxi nmati on equation
for a set of points corresponding to values of a process being nonitared;
predi cting an expected value at a current point of the process being
nmonitored through the sl ope based approxi mati on equation; calculating a
di fference between a nmeasured value at the current, point of the process
bei ng noni t or ed %and Theetiet pdsistd vk ks ertiad AR o HBHPTE T ng t he

di fference tRipselBcthe frodehy Rmh alobitdd@Wagt ion fheVietaien bitthyweriatiqnitalue measur ed

val ue and the expected value; and identifying an endpoint for the process
bei ng noni tb”rg]élgcs’based on the detection of the thresh I,d,devi ation val ue.
2. The method ofidegtifsipgriopre thivePusi FOPRBROPIE IhHPFh Uit T ol s a .
pol ynom al  g@etakdi@mh eddh ofthext REt hodobicubleabints is onvities @imivot dfecigr ocess bei ng
nonitored is a sem conductor process selected fromthe group consisting of
a chem cal nechanical planarization process and an etch .deglgsi tion or
surface nodificdti orfipritede cags LTyergibh BB LA™ TR €5 n t he

measur ed vakipectidSvalie femah edory ofipassiengeneradrifiagunetkstogiadetrde thea property
associ at ed. wogggs@[ng&g &rﬁ‘ei ng nonitored, 5. -The nethod of claiml further
conprising: "“tracing the difference between the neasured val ue and the
correspondi ng expected value; and defining a corridor of noise, the
corridor of noi e priwimgiheigf alalooly frdtber yommbieg:iei N whi ch the devi ati on val ue

falls outside Ofi.n &QGnsp%Ji'agﬂfy}ﬁg 'ﬂ;lJendppint, triggering an end of the processing being

monitored.

g. A semiconductor processing system capable of detecting a transition point
for slope change transitions through a threshold determination in real time, comprising:

a processing module configured to process a semiconductor wafer until a defined
paremeter associated with the semiconductor wafer being processed is Obtéined, the
processing module including; .

a sensor configured to monitor a process paramster associated with a
process operation; '

a detector in communication with the sensor, the detector configured to conipare
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 configuted to track a difference between the measuied values
and the comresponding predicted values to enhance a change at the fansition point o
enabie a threshold deviation value to be defined, the threshold deviation valoe indicating

the transition point associated with the process operation.

10.  The system of claim 9, whersin the detector is configured to initiate a

transition associated with the processing systern when a difference between the measured



6. The nmethod of claim1, wherein the nmethod operation of identifying an
endpoi nt for the process being nonitored based on the detection of the.
devi ation value includes, identifying nore than one consecutive points in
whi ch the deviation value associated with each of the at |east two
consecutive points is. outside a corridor of noise. 7. The nethod of claim
1, wherein the approxi mati on equations derives the expected value from an
interval of past data generated by a sensor associated with the process
bei ng nonitored. 8. The method of claim 1, further conprising: in response
to identifying the endpoint, triggering an end of the processing being
nmonitored. 9. A sem conductor processi ng system capable of detecting a
transition point for slope change transitions through a t%r shol d

det er mi nat i odel And Balpreticied yalwo ipra Ssdvo sorprdde 8P PFRRFHTH @%nfigured to
process a sgu.condUslAbanafer until a defined paraneter associated with

t he sem conduct or wafer being processed is obtained, the processing nodule
i ncluding; a sensor configured to nonitor a process rapet e associ at ed
with a pr ocessIbper’fav#}@W{lowm?eﬂtﬁ@@tﬁwf‘lfW?%‘ﬁ%ﬁ“‘ﬁéﬁﬂn@ﬁe sensor, the
det ect or cog@&gﬁﬁﬁ&héd@aa&mRQM%ﬁmmﬁaﬁumﬁdMV@mmmsambmpWBdhéﬂ%d val ues, the
nmeasured values indicating a transition point through a slope change, the
predicted val ues being derived from previously neasuredt.vah%es, t he

det ect or furtheri2.corfixp gaerndf elaim s FBReR 1Y REEYH & (EER™ *he® measur ed

val ues andp&aﬁs&@ﬁﬁ@§ggqgk&gppmﬁd&ah@ﬁgmahueﬁak@mgmhameeiaméhange‘at t he
transition point to enable I afiid ¥ & USnit@d@rdef i ned, the
t hreshol d deaﬁg%Fgﬁmﬁgﬁﬁg“P%QF%%%?%%B£gﬁgﬁ¥$gﬁgﬁgfbn poi nt associated with
t he processwalyendt sosmoneni@f hypracee{PemRATSf claim 9, wherein the detector is
configured to initiate a transition associated with the processing system
when a difference bejueen fhe ARASULE, 1B «Mal HR8eMAdoh tiepicdi cted val ues

for at |east two consecutive tine pojnts excee Sio the Lhreshold deviation
val ue. 11. Tosaistipgef @t gl pmes, B ST BrELETET MG odul e is sel'ect ed
fromthe confipured to detect reflected spectra,

14,  The system of claita ¢, wherein the detector is configured to associate an
offset confignred to substantially eliminate background noise from tderfering with the

threshold deterrminatian.

15.  'The system of claim 9, wherein the threshold deviation value ocours at a
time point corresponding to a slope transition associated with a trace of the measured

values,

16, A comjputer readable media havixig program instructions for converting
slope based detection task to a threshold based detection task, comprising:

program instructions for defining a slope based approximation gquation for a set
of poitits cofrespondmg to values of a process being monitored;

program instructions for predicting an expected value at a current point of the
pracess being monitored through the slope based approximation equation;

pr'ogram instrdcﬁons for calcufating a diffsrence between a measured value at the

current point of the process being monitored and the carresponding expected value;



group consisting of a chem cal mechanical planarization nodule and an etch
nodul e. 12. The systemof claim9, wherein the sensor is sensitive to
variation of the process paraneter, the process paraneter varying as one
of a conposition and a state changes, the conposition and the state
changes associ ated wth one of the sem conductor wafer and a conponent of
the processing nodule. 13. The systemof claim9, wherein the sensor is
selected fromthe group consisting of an eddy eurrent. sensor, an infrared
sensor, a vibration sensor and a sensor configured to detect reflected
spectra. 14. The systemof claim9, wherein the detector is configured to
associate an offset configured to substantially elimnate background noi se
frominterfering with the threshold determ nation. 15. The systemof claim
9, wherein the phgeshekdtioedi avhitrnatht ddroecirstoge teshild fRRYE nt
CO{respondi%%e%&w&n%!e%g%wrﬁ%@ﬂg%iaﬁd&?Xa&ﬁﬁ)ﬁmﬁtﬁd wth a trace of thef measur ed
val ues. 16, conputer rea , i a havi rQar My jons for
converting a SPYGE@"H’%@H"“H%F&@W[‘%W a8 Ongégltcﬁ%égﬂ%%’%%%Jggée}? det ecti on

t ask, conprbasddng ke pitagemaite dsehadddediors viler defi ni ng a sl ope based

approxi mati on equation for a set of points corresponding to values of a
process being nonitored; progr instructio f.ar.. p i clt n expected
val ue at a curréht g8f ﬁ?ﬂpglﬁﬁ ?Bﬁ%meﬁ?%’éé)ssdta%?%gm%ﬁ 1%%?%5&{3%?%%% t he sl ope
based appr ot isepolpgoéd fgrionpr ogram i nstructions for calculating a

di fference between a neasured value at the current point of the process
bei ng nonitored_and, the corre ndi ed v ingd 9 program
instructions foflggnoﬁrl[l?%)Fnlplrlltarl?aa%?ed?#g?%%ﬁgggﬁﬁgeﬁﬁmg ({ hreshol d devi ation
val ue between t regtam dusupctiens Jarl tipeing kg diisence PREerdl® REHEr YK pr ogr am

i nstructi onge {Rksphrd@ptilpiarguannendpoi nt for the process being: nonitored

based on the detectian of. the thteshol d.devi-ali.onnyabtgr ok hoisdhe conput er
readabl e nedi a BLFg“(’:Td}l’SH']mfglﬁs %ﬁ SERRNE LBidls e L r 10 1S

. 0, Wner el t.h,ee}pr?xwmln equation is a .
pol ynoni al efidied adnundarg, wiptsis “é’é?ﬁﬁlitd%"i‘a“P‘é‘é‘ﬁ’éBﬁ lé"%‘iﬁ"gﬂ%?ﬂ” 15('%, m 16, further
conprising: programinstructions for tracing the difference between the:
measured val ue ?Ep.d A method for detecting a transition point of a slope based change through
a threshold detection, comprising
monitoring a parameter associated with a transition point;
caloulating a predicted value of the parameter from past values of the monitored
parameter through a slope based approximation, the predicted valus corresponding o a
current value of the parameter being monitored;
defining a threshold value;
tracking a difference between the cument value and the predicted vafue for
successive time points; and
identifying the transition point when the difference exceeds the threshold value,

20.  The method of claim 19, wherein the threshold value is outside an offset,
the offset configured to substantially eliminate background noise from interfering with

identification of the transifion point.

21, The method of claim 19, wherein the method operation of identifying a

transition point when the difference exceeds the threshold value inciudes,



t he correspondi ng expected val ue; and programinstructions for defining a
corridor of noise, the corridor of noise providing a boundary, wherein

whi ch the deviation value falls outside of the boundary. 19. A method for
detecting a transition point of a, slope based change through a threshold
detection, conprising nonitoring a paraneter associated with a transition
point; calculating a predicted value of the paraneter from past val ues of
the nonitored paraneter through a sl ope based approxination, the predicted
val ue corresponding to a current value of the paraneter being nonitored,
defining a threshold value; tracking/a difference between the current value
and the predicted value for succesgive tine points; and identifying the
transition point when the difference exceeds the.threshold value. 20. The
met hod of cl ai Mudk9sinphedeitao toings whw Ge Bidgney atcerds e EEol g8 an of fset, ~ the
of fset configured to substantially elimnate background noise from
interfering with identificatio f.the trapnsition point. 21. The nethod of
clai m 19, ' wher ei’n t%%?ﬁ%%ia@bggr%ﬂ?eﬁ??@g?m%denti fying a transition point
when the diff ereniebexXieeds bttthveemﬂﬁﬁr@g%l‘fﬂ“q/%ﬁﬂ%GP‘ﬁ?@P‘lﬁ‘ﬁ‘E%?m%%eenti fying at

| east two pQfpt.s; when the difference exceeds the threshold value. 22. The
met hod of clai'm 19 further conprising: traci -t i reRes between the
current val ue aﬁ@m?%%“E%Pf@gﬁgggﬁﬁﬁm%?é%F%%gﬁgu%gﬁﬁg?&%ﬁd defining a
corridor ofwhiitsehresblévaberislis dosideff thabeee pr ovi di ng a boundary, wherein

whi ch the threshold value falls outside of the boundary. 23. The method of
claim19, wherein the r er LS f LG ofRBLt Ored by a sensor
configured to d%%ec?mﬁg%ﬁﬁggé??ﬁ%Hm%%gﬁgésg%%gggﬁgﬁé ggaﬁge associ at ed

wi th an obj Mtorbéﬁsmgmpcpr@g@ggrgat_o detect a‘composmon. change or a»stcftec nge

" assooiated with an object being processed.



