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wafers. The quality checks typically include measuring widths of microscopic lines and film
thicknesses on the wafer for aberrations. With many of the quality checks, the measurements can only
be made after the wafers have undergone processing operations subsequent to those responsible for
20  producing the aberrations. Furthermore, a period of time and a number of process steps typically pass
between the introduction of the aberration and their detection. Thus, a number of processes may be
performed on a wafer even after an aberration has been introduced. Similarly, a tool may continue
processing wafers even after it has begun introducing aberrations. In either case, a number of wafers
must be scrapped.
25 Conventional techniques are known for addressing some of these problems. Two examples
include run-to-run control and fault detection.

Generally speaking, run-to-run control addresses process output drifts (i.e., drifts from process
targets) by using data from outgoing and incoming wafers with modeling techniques to adjust process
parameters. These drifts relate to slight changes in the way the tool produces output due to normal tool

30 use. For example, with chemical mechanical polishing (CMP) processes, polishing pads used to reduce
film thickness wear out over time. As a result, worn polishing pads inevitably require more time than
new pads to produce a desired thickness. Run-to-run control may be used to address these types of

problems by adjusting a process parameter such as polishing time to account for issues such as wear on

a polishing pad.
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continues processing a flawed wafer thereby resulting in additional waste.
Fault detection, in contrast to run-to-run control, monitors process equipment parameters and

25  wafer attributes to detect too! and wafer property failure or fault conditions. Fault detection systems
collect process data and analyze the data for an abnormality or fault during the operation of the process
equipment. If a fault is detected, the fault detection system may have various methods of reacting. For
example, the system may notify an equipment operator or even terminate execution of process
equipment.

30 While fault detection is adequate for dealing with tool or wafer property failure situations, it
does nothing to address process drifts. Thus, until a tool or process fails, fault detection systems remain
silent and allow the tools to drift from optimal operating conditions.

As such, it is apparent that a need exists for increasingly efficient techniques for processing
wafers. More particularly, what is needed is a system that is capable of addressing both process drifts

35  and fault conditions.
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processing. In still yet other (or parallel) embodiments, two or more setpoints of the recipe, which may
include temperature, pressure, power, processing time, lift position and flow rate of a material, are
modified.
In other (or parallel) embodiments, fault detection models may be used to define a range of
25  conditions indicative of a fault condition. In these embodiments, the fault detection models may be

modified to incorporate, as parameters, setpoints of a recipe modified by a run-to-run controller.

BRIEF DESCRIPTION OF THE DRAWINGS

Various objects, features, and advantages of the present invention can be more fully appreciated

as the same become better understood with reference to the following detailed description of the present
30 invention when considered in connection with the accompanying drawings, in which:

FIG. 1 is a hardware block diagram representation of at least one example of a portion of
semiconductor manufacturing system utilizable for implementing at least some of the concepts of the
present invention;, ‘

FIG. 2 illustrates at least one example of a control system implementable by the semiconductor

35  manufacturing system of FIG. 1 for producing semiconductor wafers;
FIG. 3 depicts at least one example of a process implementable for controlling a manufacturing

- process of one or more embodiments of the present invention;
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20 FIG. 1 depicts at least one example of a hardware block diagram representation of a portion of
a semiconductor manufacturing system 100 utilizable for implementing at least one or more aspects of
the present invention. As shown in FIG. 1, semiconductor manufacturing system 100 includes, among
other components, a fault detection system 110, a run-to-run controller 120, and one or more pieces of
process equipment or tools 150, each interconnected via network 130. As mentioned above, fault

25  detection system 110 is responsible for monitoring one or more tools 150 and wafers for purposes of
detecting fault conditions. Run-to-run controller 120 is responsible for modifying tool recipes for
purposes of increasing manufacturing efficiency. Although FIG. 1 depicts fault detection system 110
and run-to-run controller 120 as being separate or distinct components, one or more embodiments of the
present invention contemplate implementing fault detection system 110 and run-to-run controller 120 in

30  asingle computing node.

In addition to run-to-run controller 120 and fault detection system 110, one or more
embodiments of the present invention contemplate that any number of metrology tools or sensors 190
may be positioned upstream or downstream from each of the one or more tools 150 for measuring wafer
properties immediately before or after processing by the one or more tools 150. Metrology tools 190, if

35  utilized, may be linked to the remainder of system 100 via network 130. Similarly, input wafer
properties may also be received from an upstream or feed-forward tool (e.g., a tool positioned upstream

from another tool). Thus, the properties may be measured by sensors at another tool at the end of or
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Thus, the proegériliy@gediinyg, thE o Sbr€@old Y SBRMBahSopatatidmnhedontigolaféek 160%@ end
of or accordance with a process recipe, or, in other words, a set of predefined process parameters required to
effectuate a processing outcome. For example, a typical recipe may dictate one or more setpoints for
25  any number of processes required to effect a desired output. Thus; a recipe may identify the required
temperature, pressure, power, processing time, lift position and flow rate of a material needed to
produce a particular wafer result. In addition, other properties may be included as well. In accordance
with one or more embodiments of the present invention, controller 152 utilizes information received
from, for example, upstream metrology tools and previous operations or runs of the one or more tools
30 150 to modify these recipes, when necessary. Thus, a measured film thickness of an incoming wafer
may be provided to controller 152 along with the results of previous runs prior to processing. This
information, then, may be used by controller 152 to modify one or more setpoints of the process recipe
to increase production efficiency.
During processing, wafer measurement subsystem 156 may be utilized to measure any number
35  of wafer properties. In addition, wafer properties may also be measured immediately before or after

processing. In one or more embodiments of the present invention, subsystem 156 may be used to detect

completion of processing (e.g., via endpoint detection and the like). Once processing has been
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of a material needed to produce a par ar wafer result. In addition,
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210 analyses the target properties and measurements 214 using, for example, a model for predicting the

expected outputs based on certain inputs. In this case, the target properties, (e.g., film thickness) and
prewafer measurements (e.g., an actual thickness) are entered. Then, based on a model the setpoints
25  required to obtain the desired target properties may be predicted. In one or more embodiments of the
present invention, the model may be entered or implemented by, for example, a process en gine\er or the
like during a system initialization phase. Generally speaking, any suitable semiconductor wafer
manufacturing model may be utilized.
In use, the measurements of any number of wafer properties are collected before, during and/or
30  after processing by wafer measurement system 240. These properties are then forwarded to run-to-run
process 230. Run-to-run process 230 analyzes the wafer properties measured by wafer measurement
system 240 and determines whether any modifications can be made to the tool’s process recipe (via
e.g., control process 210) to increase efficiency. To illustrate, as described above, in a CMP polishing
operation, polishing pads tend to wear out with use. As a result, worn polishing pads require greater
35  polishing times than new pads to obtain a particular film thickness. Run-to-run process 230 may be
used to recognize that a greater amount of time is required and direct the polishing tool to increase its

polishing time when needed (e.g., when a pad has worn out). Thus, the results of the ran-to-run

.
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situ sensors, mtegrated or inline sensors, or other analogous devices may be utilized. Any number of

wafer properties may be measured at this point, including, for example, film thickness, uniformity,

critical dimensions, particle counts, etc. Afier measuring these wafer properties, the data is forwarded
25  to run-to-run controller 120 (STEP 308).

In conjunction with the forwarding of the measured data to run-to-run controller 120, the
corresponding wafer is delivered to one or more tools 150 with any associated process information
(STEP 312). In addition, a manufacturing execution system (MES) transmits information relating to
and identifying the particular recipe(s) to be utilized by the one or more tools 150 for processing the

30  wafer. As known to those of ordinary skill in the art, the MES may identify the particular chambers to
be used, any process sequences, routing information in the tool, settings, etc. Similarly, the MES is
typically responsible for automating, integrating, and coordinating each of the processes and resources
required to execute or produce an output product.

Subsequently, one or more tools 150 executes its manufacturing process (STEP 316). .More

35  particularly, one or more tools 150 processes the wafer in accordance with the information received

from the MES in conjunction with any information provided by run-to-run controller 120 and/or fault
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occurred. If a fault has occurred, the post process measurements collected from the run during which
the tool fault occurred are not used for purposes of modifying subsequent recipes (STEP 336).
Furthermore, procegsing may terminate altogether. On the other hand, if the process determines that a
25  fault has not occurred, the recipe is modified under the run-to-run techniques of the present invention
(STEP 340). In this manner, recipes are modified in those situations where a tool fault has not
occurred.
FIG. 4 depicts at least one example of a process utilizable for implementing a run-to-run
control procedure according to one or more concepts of the present invention. Initially, post process
30  wafer properties from a previous process or tool are measured and forwarded to a tool in which the run-
to-run and fault detection techniques of the present invention are to be implemented (STEP 404). The
measurements may be taken from the upstream tool or from a metrology tool positioned after the
upstream process but before the instant tool. Similarly, the measurements may be taken at the instant
tool itself, or at any other analogous device or location before processing.
35 In certain instances, the upstream measurements may not be valid. For example, it may be too
time consuming to measure each wafer in some tools or processes. In these situations, each wafer or

run may not be measured. For example, it may be possiblc that measurements are not performed on
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information regarding the processing tool is considered before continuing (STEP 416). Specifically, if
a failure or fault condition in a previous run is detected, the tool’s recipe is not modified (STEP 412).
Furthermore, an error message may be displayed, and processing may halt altogether.

25 If a fault was not detected in a previous run, any necessary transformations to the data are
performed (STEP 420). For instance, the raw data read by the sensors may be converted to a more
meaningful form. As one example, a uniformity parameter may require a ratio between a number of
measurements. Thus, in this example, a ratio of each of the measurements is calculated. Similarly, an
average of film thicknesses would require a transformation to average all of the measured thicknesses.

30  Also, itis altogether possible that with certain measurements, no transformations are needed.

After performing any transformations (if necessary), a control process algorithm is executed for
estimating the next predicted output (STEP 424). Generally speaking, the algorithm utilizes various
modeling techniques, the tool recipe, and information relating to the incoming wafers and to previous
process runs for establishing an output predicted to be produced by the tool. For example, by utilizing a

35  model, a particular output film thickness may be predicted based on setpoints corresponding to

parameters such as pressure, power, gas flow, efc.
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with the recipe being utilized, a fault detection model is built or selected (STEP 508). As known to
those of ordinary skill in the art, fault detection models may be used to define a range of conditions
25  indicative of a fault condition. Thus, a model specifically associated with a recipe is utilized.
After selecting a fault detection model, the manufacturing process commences, during which
sensors are utilized to collect wafer properties such as film thickness, uniformity, etc. in real time.
Alternatively, the wafer properties may be collected before or after a process. These properties are
compared against the fault detection model to produce a fault detection index or fault event (i.e., a
30  trigger). As known to those of ordinary skill in the art, any number of methods may be used to generate
the fault detection index. For example, any of statistical process control, neural network, or model
based analysis techniques and the like may be utilized. The index represents the optimality of the
wafers being produced by the tool. Thus, the index may be compared against a predetermined value to
indicate a tool fault or tool failure. As discussed above, this index constitutes at least a portion of the
35  wafer processing attributes used by the present invention in optimizing wafer production. For example,
also as discussed above, run-to-run controller 120 may ignore measured wafer properties from runs

produced by tools that have experienced a fanlt condition.
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measur ement s af@mavionprbbriedly ARRYe Gh'ed® SY BT ofaERTOGImEDis G the PERIEI {IVERIOB AgPtuRplati 1 d

run. Post ;BLAGERSHAGIRAS HesdRRlnfal bPAMINARLMBIRF 5203h® the18EIEARBoMNAbV R | d
or considered in the process. Thus, the upstream neasurenents are checked

to det er mindependeat taeametenisIn shissmanggyl falt deiecsion arsism 0@ b allo®) redafie agnge of
run-to-rup ¢onlidhd §% céo%(?nddsi@?efc@;% cmgesf!@ﬁéé%s%‘é M&Jnﬁawzysneasurenems and

continues processing using setpolnts for previous runs TEP 432). If valid, -

the 5 ﬁeasurenﬂntesptm‘icalb)e fwedndmvnrtvmdfamsn@pytbheectﬁmd'@cqmdiogesmdngaWMtpe I n

accordancgf and as
§¢

h
will es o& rrfogﬁ’scatéonf g‘rarecd%e s%t%fnngefn (r)tlcultar %y B((irlai mgtfaultr}:\c/n(\a i Or?%% pe may

18 ns to
be fact orzedordmgm racnpmt;touml aibdifitdtions, a narcheler asge\/cﬁrfmmtdomtnodsnnatymeaﬁplemented in

enbodi nments reci set |nt cha s _implenent ed. run -ryn

control | o i ipiof Pl e oSt AR neh B BR PEYSY intiaced: il robiPonrepese,
utilizes mk;etﬁesetraeemmgﬂcﬁﬂm&lufsnamtﬂmmlpe dechonmt.i Thus/iethebaehbodim@nd £ i on
rangess | S _manner fault detectiop s st m.110 rate in a '
ena T vl e SPsint IS P AR e RE DA TR P A e RUHARENBEED conpor
Wi th any modi f Aeth exigle, peas.egiaoimahﬁanaecaeejameenﬁ@sqqﬁ.mlramgamdga\penbaen '
i npl emented by run:to-run, COP‘{?@-F”er It sh uld tggfau er st ood: that t he

speci fi c BREEFoRgAY isSEif apioiia 3 %‘% y ). @Y?B?f BN F‘ﬁ‘f‘i?f‘&?“@e descri bed
and depi cdsﬁﬂ.a&ﬁ@.dnymmy.peffam&ﬁmhm banﬁaridaatay bé kbeinnaaxl@llatagm& mﬁga(sgmas- and
15 conflgurat are al.sg conte fat ed g t he Frteesent r]\\ée ntion. -

exami o e pe R Soaig Toat] Forg sty R G idt M GLer GBEE G-t he
run-tis-r wbofediﬂyntwolaﬁd beﬂw sctnypsgmumdarreughn { fault osriditiona Uadsrichdsg fahlo €oddiishd, as
detection.s fault is detected, then rather

t han recél i‘/‘?{ﬁé&rﬁgﬁ 8?08%5(5@%"\%6% el"?'P?l% ?rmgmet he run-to-run controller m ght

only recei ve, lhurggprcmes[smg,l mhodificetidns td arecipcetpdmnmeay bé tnldechygumro- mcmuaﬁq:reat)s of

t he pr es Qg %’I Sﬁ ae}oces?but?\n%nﬁs FMS,S‘?ILE a%?v %P?I’M@e I?LJ'H)STUP' g(?nt%lilermﬁ{) %’las ITB 9 ess ed

by tools e expe ence 2 00l ave experie cfavvaf
property theetipe @tmrma(erg;.tfrmﬁm @drftgdhriequnitgathesby mnd\pngub'srmymg ora @ulbs equent

runs .o Th l'l:gn%a(?'lo l'lto a &Lﬁ%ll frmal (@T%Lm&?_@?caru .956‘66@ sBHmH]%oHB?QF‘oﬁﬁéfr&gT Ihgpelngé S

COI’ISI ere re conti nui ng pECI I Cca ure
faul t corefifaultgonditipng (eg.do fagyghreeiandiftyetea wnigsdl, However, tl $sc§utroeé¢qsesmzs,s thot

modi f ' ed fguc{;tTcEEécéc;n?&pabxhty To alleviate this issue, embodiments of the present invention contemplate
. incorporating the modified setpoints into the fault detection models to generate fault condmon
boundaries based on a distance from the setpoint. In this manner, system sgnsntwnty isnot - .
25 . :compromised by integrating run-to-run techniques with fault detection concepts. Thus, in this example,
the range of fault conditions would be reset at fifty one to fifty one to fifty five. | '
- Multi-dimensional scenarios of integration are similar. In these cases, the non-fault condition
regions may be viewed as a distance from the coordinates of the multi-dimensional setpoint. - When one
or more of the coordinates defining the setpoint in a recipe is modified by run-'to-run controller 120, the
30 rénge‘ of fault condition boundaries may be redéfined as a function of the manipiilated recipe
A parameters. _ .
Additionally, in at least some embodiments of multiple input, multiple output scenarios, a
-~ distance between a predicted output value and an actual measured output value may be used as a metric
for fault detection. Tliué, the difference between the predicted and actual values may' be used to
35  determine the fault-condition boundaries, ‘
FIG. 6 generally at 640, illustrates a block diagram of one examplc of the internal
hardware of potentially any of the components of system 100 of FIG. 2, examples of which

include any of a number of different types



Furthernore, an error nessage nmay be di spl ayed, and processing hal t
altogether. 25 If a fault was not detected in a previous run, anl Mg
transformations to the data are perforned (STEP 420). For instance, the raw
data read by the sensors nay be converted to.a nore neaningful form As one
exanple, a uniformty paraneter may requjxe a ratio between a nunber of

measur efr%moﬁnspuwﬂy@cn L bl rSvig X PO R Qisé@ﬁlb&bgbfrb KachuREukhey MRASUL RIBRRL S 1 S

cal cul at ed imlarly, an average of filmthicknesses would require a
t ransf or rfants 6¥era. G-akifceriagh bag 6566k vetns 1%&%&H‘&f"@mft:lkﬁests'ﬁsmeg@\“m@soh” it is

al t oget h%mg&éﬁes t&ssemtoowfcbbé%%t J&n%%ﬁo‘éés“s‘?@;&héonﬂé’ @ﬁérfa,mtlons are

needed. pertormng any transtormtions necessary cornit r ol
process ahlgdatidnkand isgiexeaationd reqoired testchatherpgoc'ehezs afebetinpang diverited aout:lpust

(STEP;424),. Cenera @onithmutilizes v

t echnp quélier ?rﬁga{“(%o*?‘&f é’ﬁ mem(%%&ﬁ?ﬁ? or m’g r%‘ TS s’lrﬂij“?%a{“i‘ﬁygénzc%’r'hg ﬁmewaf ers
and to prnelvn mmorymf meesscm ulek t@itro&atééblnneaﬁam@na& Bete @k dqueemb the Qditdh”d)lbe
produced b

For arti & | ar
Lt put 65 TS BREiven . B SRal aohby sk a5 SeCPoSr P BB sg < o
par anmet @isgs)IH6E 686, RhReHalloe cxtaﬁlﬂﬂi%u;d dIskSirivEs 08, EPU. 658 Ganlia UAR iimBL @B dilferentOnCce
t he next outgﬁgs have beg P'Uedl ct b E control al rltlhnt t he out put is
conpar ed "5 poes9EL IMFiuEine Fhose MAT a[cg. %@7‘ f—’”' poratiggor Motarolp oF 3¢haWR &y ¢
i ndi ¢at e tiheis atlfea'ﬁérﬁ&b/@tol'doghé@ce@f:anaoe aWRhiBhbeP bOREEEM tydeb oft ENQYHPULS sith s
within th speC|f|cat|onI|m S (1.e., if the predicted output is within an

accept abl AM agb FRAN s sdiap veipus Hﬁgs of st9rage deransS-Arrindingamagasrc ”é‘@f’ﬁ‘dﬁah'f’%d“ﬁs ed

in a preriAksmbiNthdhmdry?ddhde ddlibdsicd@alsd lER. fﬂo%rZ)ofaE?ﬁhsm@loat her hand, if the
predi cted out put. exceeds the specification limts, predi ct ed 6(P)§t put | S

conpar ed agai Ms¥isRINeIREERE AMIETac e Hielay 648 wd Repwits ‘?fS'I'E"Iﬁ"ﬂﬁfej" therbps

the tooldisgRged dnispldyloas aDtS?lhﬁ@Ml@ﬁl@@-Wlbdﬁn b&%ss@rfv @Bﬁlﬂu@@htionkﬁwlthféﬂemal

predhgte% Qut put cgnnot be brought within the specification 1J@l mts, because
ol

t he ParfgaUghes theduier FUTRANE ¢fifke SrEe dengripealbres o9 YRGBT SEPKor be
obt ai nabkemmbificitidh pof €, Fo BLaniple 65674 r@yUeatedrdted WRR bblignetvirk Rhidyso an error

nmessage, and, for le,. .10 term nate ocessi n STEP 440 If t he
predi ct e&‘eﬂ'ﬁﬁoﬁmoo*s?égg{} BYigLlbses ac"ﬁ;é’r %'f)céré‘iaf ?a@&t‘ '5‘2 ’ICP%‘I#@‘S@{]W"W 62 the t ool
range, acornmdmtaubai(ct @Ninfrayd,Rad tha tike)tadd/bheirdled borimeripgiot &I Radid &quehdy (RF),
particul a oints of . th

st andar d b E&%PF?% g1 8¢ ‘F‘fgﬁi %ﬁé‘gtra'ﬁs%onrﬂ?‘f&/mﬁgeégé&%gg 'Ef&ﬂg‘?o%ls f?#gcg)@%%’?'%g‘i“g%ﬁ[ar y
skil 20i néth ePeanphe,raltnhesae eBtlidtestaces ﬁuedeysbogqalesdo biyd poBe 655 pamuungmpst darado be
Fact § vy roesiiet RS R, BT b b Bt B b kBT PRy i uces an
infrared transmltter 678 and/or infrared receiver 676. Infrared transmitters are optionally utilized when
the computer system is used in conjunction with one or more of the processing components/stations that
transmits/recetves data via infrared signal transmission. Instead of utilizing an infrared transmitter or
25  infrared receiver, the control sy§tem may also optionally use a low power radio transmitter 680 and/or a
low power radio receiver 682. The low power radio transmitter transmits the signal for reception by
-components of the production process, and receives signals from the components via the low power
radio receiver.
FIG. 7 is an illustration of an exemplary computer readable memory medium 784 utilizable for
30  storing computer readable code or instructions including the model(s), recipe(s), etc). As one example,
medium 784 may be used with disk drives illustrated in FIG. 6. Typically, memory media such as
floppy disks, or a CD ROM, or a digital video disk will contain, for example, a multi-byte locale for a
single byte language and the program information for controlling the above system to enable the
computer to perform the functions described herein. Alternatively, ROM 660 and/or RAM 662 can aiso
35  be used to store the program information that is used to instruct the central processing unit 658 to

perform the operations associated with the instant processes. Other examples of suitable computer

readable media for storing information include magnetic, electronic, or-optical (including holographic)



product have been estimated, the process is executed (STEP 448)165Qn6$&§ 06
manner, in one or nore enbodinents of the present invention, the con oP
algorithmutilizes one or nore target wafer properties (i.e., desired

out puts), neasured incom ng wafer properties, and nodifications to a tool
recipe as determned by run-to-run aanfauIt detection techniques to
efficientl g roduce. Sa?m %ondgctt o] a‘ﬁ%ﬁigﬁ St ]eg(g oFle% b5 dep't cgg} at I east Qne
exanpl eSGPES SPPOCEREAPT MPTah P PRI IGe POP IRt O de RIS T BV SR r o
pr ocedu¢dtentptadd tatnbe dodnparee re@tablomeliemtnde agabsnisiont he present inventi on.

Initially, fault, detection system1 10 identifies the reci i mpl ement ed on
2"t oot oF " pr BERAEOS Bhe B PRSP TREE Mg o E TP R MEF Rt 111 ved.
a faul ting@dremtinOime RDbRL aipsctbuf the pregensiptentéred peSTdukly d0&}ibedAsin kadinarm the  t hose
of agrdinary skill in the art, fault detection nodels may be used to define a
ranéé 0W6@8ﬁ§F¥%5H§“§%'indicative of a fault condition. Thus, a nodel

speci fi cal | ymgesasl ab@eshidbednphadi26 thaethé Sarlbui EdnfpdentPbftedibodigles bi ihg pRsdnaul t
detection nodel, the manufacturing process conmences, during which sensors
are utiinVZEEn £4 ‘%Pd'I“P'éE‘F"‘\?\%i‘“é’ra’dmaﬁp&? ks O'SARORHEtien ihereethile REB SEPOURPRDr i ty,
et c. | Nthe @adhiout EdBponerté AN Stpk Wk Yoe irhghémaNalden h228WRe bid/&SoffRite REpesdlH Bt ed
before or after a process. These propertjies are conpared against the fault

det ect i BACtHBEe] the prefsnbiiention ARYPTESCHSt BatablsPrifmure devsioned GPPPRTSARVEE . e. . a

30 10 | IQBFuage AV/dE REMRalk QomP&tRAts Ofn RIHpR3EYinSHdH dmbloBinteR® oftfHe praddly invemtiear of
met hods_nmay be used to generate the Pault detection index. For exanple, any

of st at Ferterample. 3t lsae semeefribs Ynctiopdy mentivatdabpxe coyld bsgmelemepgd eunzaat st s
techni ques; anghet PR glalhfngd®cRRing idnki gIMELi PARXIaEBrRAENt s the optimality
of the maferswbgiﬁg'prggﬁbgﬁﬁgg Fﬁgégggﬁ. Thus, tﬁe_iﬁggi may be conpared
agai nst a prBécterabnarpresigiadend gnderstogd that e specifisiempedimentypf theBivetign | ure. As

di scuss&d.aRAYEeinbdthr® alHGXy GAREA IV Ut BE gdHeral HARIPIA P BletidRAIS VdiBu3D waf er
processi n at_trl but es used resent rnvention In optim zi ng waf er

y the p ) . 1 0p
pr ofuct medificatigns mayhegpade by ghase skilied ip die o suyiseROYEh the arnd Rl sGfoBbnt rol 1 er 120
may | gnRE&nteRsur ed wafer properties fromruns produced by tools that have
experienced a fault condition. 16 January 2006 11 As nentioned briefly
above, at | east sonme enbodi nents of the present invention contenplate
factoring nodifications to the reci pe made by run-to-run controller 120 into
the fault detection nodel as independent paraneters. In this manner, fault
detection system1l 10 nay be able to redefine a range of fault conditions
to accommobdat e reci pe changes to increase systemsensitivity. 5 Mre
specifically, fault condition boundaries my be redefined according to, and
to account for, changes or nodifications to recipe setpoints. In
particul ar, by adjusting fault condition ranges



according to recipe setpoint nodifications, a narrower range of nylt
conditions may be inplenented in the fault detection nodel. In JNyiget 2006
sonme enbodi ments of the present invention, fault condition ranges nay be
set according to a fixed distance froma recipe setpoint. Thus, in these
enbodi nents, a 10 nodification to a setpoint results in a correspondi ng

nodi fication to the fault condition range. As an exanple, in a single

di mensi onal case, a fixed recipe setpoint for obtaining a particular target
property is set at an initial value (e.g., fifty units). According to the
fault detection nodel associated \&{-tﬁgﬁ tgi S recipe, fault conditions
boundaries may be set initially at Man range (e.g., forty- eight and
fifty-two units). Thus, actual wafer property neasurenents outside the given
range (e.g, 15 f 4 = iﬁgWé - B [P in a
fault con ftiohAqﬁﬁ efl$%gggé¥§u ggﬁ%??%gﬁgﬁﬁggbggﬁ%%ﬁgég nﬁﬁ%&%ﬁ
procegsihgg riyto-far canesiidravitherfauliaterectios sysgerny suid snethed coaptisegtthens to
a recipe setpoint may be nade by run-to-run 'controller 120 to address a
procegepoof put drift. Thus, in the above exanple, run-to-run controller 129
may increase the recipe setpoint (e.g., fromfifty to fifty-three units),

t her eby i nad tl |ting i.p a fault 20 cqndition. t f
ol run-t o 1 Hn motfcr e BRE i rEnsBriv Snilie s Kr duRihe [ ange

of f [ ; i 3 i ver,
Chi s 8ol Pl il etiBodnelultls hPICRNT ORY SEpORM (ot ODMIBRAKRIN Gl ke AREY S

thi s wafweropeitiedj ments of the present invention contenplate incorporating
the nodified setpoints into the fault detection nodels to generate fault

condition boundaries based on a distance fror{(?tge setpoint. In this manner,
system sensi ti Wt y i SORYOTYY Iér&ﬁ?ﬁfi%%?éaaléy"’? T2HY MY HIPIQSEPHRE

of 1 atiteRshintidf bl thheRsCRUE Rt oory iR | okl SERI B £ () £TVE°

wul tidggmg)g@@h;scenari os of integration are simlar. In these cases, the
non-fault cordition regions my be viewed as a distance fromthe

coordi nates of the nulti-dinensional setpoint. Wen one or nore of the

coor di nat es defd)ni ngforwardinguenid prpeesaingeattnileutes tersalids tusdteryun gantrollerin
controller 120, the 30 range of fault condition boundaries may be redefined
as a function of, the i pul at.ed .recipe paranetefs..; Additianall i n_at
"aact sone enboll merPOany e P& B SRRRRI 5 Sid selie A SRRERTLS Ty

di St%ﬁ@ro@@‘é@@d}dﬁméf&ﬁi&&ﬁé’a&%& roé’éb)sﬁ-% ARG AfRs 36 A tIMaa eftoaut put

val ue may be used as a netric for fault "detection. Thus, the difference

bet weeafet ipeopertits chedpantheact faillt ecaidieisninyeteetadsley saiol famlddetectiome t he

fault condition boundari e?. FIG 6 generally at 640, illus},rgt es a_ bl ock
di agr¥fies H%)Wé“@)(ﬁ?ﬁ?ltgeéff ¢ast opRsetpPINt of said recipe is not modified according to

said measured processing attributes; and

5) incorporating said at least one setpoint of said recipe as a

parameter in said fault detection system.

2. The method of claim 1, further comprising measuring wafer properties

before execution of processing.

3. The method of claim 1, further comprising generating a fault detection
index from said measured processing attributes, and forwarding said index to said run-

to-run controller for purposes of modifying said at least one setpoint.

4. The method of claim 1, wherein said modifying comprises comparing a

predicted output against an acceptable tool specification limit.



har dwar e of potentially any of the conponents of system 100 of F46C§g 2,
exanpl es of which include any of a nunber of different types 16J gry,2006
2006 12 of conputers such as those having Pentium' based processors as
manuf actured by Intel Corporation of $anta Cara, California. A bus 656
serves as the main information link interconnecting the ether conponents of
system 100. CPU 658 is the central processing unit of the system

perform ng., calculations and | ogic operations required to execute the
processes of the instant invention as well as 5 other prograns. Read only

menory ( 6 C ('nlﬁ?q%, %glﬁls’ it mai n
menory ome &?%tﬁ%&%&%a@%ﬁéf#ﬁ@%ﬁdi nter la%gcso eg%sré&nlg})%anﬁgsak drives
t o t hpregliqbe Bulbpst addifist athasepeibiktsblirygge.are, for exanple, floppy disk
drives 670, or CD or DVD }()di gital video disks) drives 666, or internal
or external hard disk drives 668. CPU 658 can be any nunber of different
types of ph.ocesEbe syethadofdlamg I Hosbenepmpaising tedmipatimg sdidguogessing on or
Mot or ol a 8f Schaur.nber g, éO.I | 1'inois. The nenory/storage devices can be any
nunbelPeR datectiapofa f?b‘&é@“ {119 nory devi ces such as DRAM and SRAM as wel | as
vari ous types of storage devices, including magnetic and optical nedia.

Furt her nore, t gg{q% i : :

transm ssi%’n. A disp E%éi%trfl?fear :l(fg@%é}%ﬁfsnﬁggf%%EOQ?E%PE%G%%%%@% ts

i nf or pEdoed sétpomts.he bus 656 to be displayed on display 648. Display 648 is
al so an optional accessory. Communications with external 15 devices such as

t he ot her conponents of the system descrihed_above, occur utilizing, for
exanpl e, cdmunlameshod&f clagipal, whereaysaid aé leash pre setpoirt, copPrifesrt aced

W th us/ network |inked to ralo t ool s,.190,..Qpti.cal fikhers apd/ or

ol cct PradHec R RS e rscPoP e O bR R b i BB TR R Y

i nfrag gotterdtd the like) and/or wirel ess comrunication (e.g., radio frequency
(RF), and the. like) can be used as the transport nedi um between the
external devices and conmuni cation port 20 674. Peripheral interface 654

i nt er f acesd.t he Keg hwdhod ©F 0lagmdl, mhereiresdd fpelt tondition ¢apprisesa dovlofabl.
transmtted to bus 656. In addition to these conponents, the control system
al so opti | 'y ncl ude n_.infrared.transmiter /78 and/or infrared
Feceivor olb. 1T Siedd ol Rlaiirl afttEiL Ik sPhg e ASBenantere
corrp%l%:ﬁ,e gpis used in conjunction with one or nore of the processing
conponentsfstations that transmts/receives data via infrared signal
transm ssion. Instead of utilizing an infrared transmtter or 25 infrared
recei ver, the cbBm nethed sf elmimely velhareiroptepd) abnprises imcdrporatong saidaati o

transmtter 680 and/or, .a |ow power radio receiver 682, The | ow power radio
t r ansi§retime seFRRiBhPf galfiﬁscwgﬂaanequrm%ecé;s@ﬁ egjon models used to define a

range of conditions indicative of a fault condition.

12. The method of claim 1, wherein said measured wafer properties are not

used to modify said recipe when a wafer fault is detected.
13. A method for processing wafers, said method comprising the steps of:

1) processing said wafers according to a recipe, wherein said recipe includes

at least one setpoint for obtaining one or more target wafer properties;
2) measuring wafer properties;

3) detecting conditions indicative of a fault condition using a fault detection

system;



conponents of the production process, and receives signals from

conponents via the | ow power radio receiver. FIG 7 is an ill us{fgi‘i‘q“@W £106
an exenpl ary conputer readable nmenory nedium 784 utilizable for 30 storing
conput er readable code or instructionsjigncluding the nodel (s), recipe(s),

etc). As one exanple, nedium 784 may be used with disk drives illustrated
in no. 6. Typically, nmenory nedia such as floppy disks, or a CD ROM or a
digital video disk will contain, for exanple, a multi-byte locale for a

single byte | anguage and the programinformation for controlling the above
system t o ggnabl 8,416 Yt Rlast OnPsstheldpdilRsid j Ghishgd herein.

Al ternati VZI Y, R(C)J\/Ihggl(%c%nd/ or al%’A(lg\)l/[l 6%$can al slo }?%E&%eggggg‘ﬁ obslst igirje t he

pr ogmadasunéd mwreet propenties icmagedirt aid nstgetittafenpraprttiedin theabesstagf ainit 658
to performthe operations associated with the Instant processes. O her
exambdiel condgigny, apiact ongdifping sahablepst orsiseipomt of saidi negiperdcepringda
include, magneti.c, electronic, or optical (including holographic) 16 January
2006 545 Pedg sy rzoncrissintio Rirtrest a UL CORRRAREon ol i oast some

enbodi ments of the present invention contenplate that the conputer readable
medi um canm) be L SSEOR- L : i '

cont enpl a?t)a thg?&\;/ r?%@%@?tﬁtg%?g?g?g t\/\lgﬂ;%ft%g? pé??r%lgge?rgrﬁf?%tge%}ﬁg vari ous
aspeecatl faulttdetegti@seydtemnnventi on as previously described can reside in the
5 nmenory/ storage devices. In general, it should be enphasized that the
various cqonponents of epbodi nents of the present. invention can_ be

i npl ement & i n Hhermetosd ofgqi@maewgswa rEBResSIng isderminetesit a fagllsuch

enbodi ts,.. th ri ous components and steps would be inplenmented in
PR p et

hard e ware to performthe functions of the present invention.

Any presently available or future devel oped conputer software 10 | anguage

and/ or hangwar HeaRPMRIGECIERA 1BewhERIiA Y[ $tep i eheRlBRG dretsdatinighe
present invention. For exanple, at |east sone of the functionality

ment ipooesssiaigove coul d be inplemented using BASIC, C C++ or other
progranm ng or scripting | anguages (e.g., TCL, Pearl, lava or SQ.. It is

lso to b i at ed nder st ood .that  th i fic enbodinents of th
nvent | on 16daedTUBTIRG, G SHHEE e BPEF SR 5/ o TdHr PGP Al general

pri n?,irgéég%f the invention. Various 15 nodifications nmay be nade by those
skilled in the art consistent with the principles set forth herein before.
16 January 2006

17.  The method of claim 13, wherein said at least one setpoint of said recipe is

incorporated as a parameter into fault detection models used to define a range of

conditions indicative of a fault condition.

18. A system for processing wafers in a manufacturing execution system, said

system comprising

a run-to-run controller for controlling a tool according to a recipe received from
said manufacturing execution system, wherein said recipe includes at least one setpoint

for obtaining one or more target wafer properties;
a sensor for measuring processing attributes including wafer properties;

a fault detector for monitoring said wafer properties to detect conditions
indicative of a fault condition and forwarding said conditions to said run-to-run

controller;



14 CLAIM5S 1. A nethod for processing wafers in a manufacturing execution
system using a run-to-run controller with a fault detection sysf@danuagy 4006
nmet hod conprising the steps of: 1) receiving, into said run-to-run
controller, a recipe for controlling aj7tool, wherein said recipe includes
at | east one setpoint for obtaining one or nore target wafer properties; 2)
noni toring processing of said wafers by neasuring processing attributes
i ncl udi ng wafer properties and fault conditions identified by said fault
detection system 3) forwarding said processing attributes to said

aid

run-to-run control.ler; 4) nodifyin a.d at |east .qne setpoint, of .

Feci pe. at R A Teath oRE PRl eBhes RTPa S BB Whaidocessi ng
attri iﬁsgoa% k@ n¥Ahthih 35 9€ta & e aﬁﬁhmﬂafault
condiF{}iH%én\sgi dtet elg%gdgby ggal dgf aul trg%%&egtr?%ﬁp&rs{%tee}%e?ﬁ I ch catse t he at
| eastcondéticaeisphEtedtedbysaid fndtdeecics inavhithdhdd g adest dnegetmoins &itbt
measured processing attrjibutes; and 5) incorporating said at |east one

set panodifiefl asgprfipg o seidsprogessyag aHebates;andai d fault detection system 2.
The nethod of claim 1, further conprising neasuring wafer properties before

execution _of processing. . 3. The met .of claim1l,  fur [ conprisin
goner at | ng" aerBCFAaGMst Pos Lpel Stidraded i Tbbomatalef S BERip Rt
at t righid gailt @dctber wardi ng said index to said run- to-run controller for
pur poses of nodifying said at |east one setpoint. 4. The method of claiml,
wherein said nodifying conipri ses conparing a predicted output against an
accept abl 49t oolThemystedm odclaam 1§, futthed Gomdpnising/a 2066 16r MeaFhengvrafed of
claim1, wherein said nodifying conprises conparing a predicted out put
agai FEPPgriies belyepee iR P PERrgesng:
20.  The system of claim 18, wherein said fault detector generates a fault
detection index from said measured processing attributes, and forwards said index to

said run-to-run controller for purposes of modifying said at least one setpoint.

21.  The system of claim 18, wherein said run-to-run controller modifies said
at least one setpoint by comparing a predicted output against an acceptable tool

specification limit.

22.  The system of claim 18, wherein said run-to-run controller modifies said

at least one setpoint by comparing a predicted output against an acceptable tool range.

23.  The system of claim 18, wherein said run-to-run controller terminates

processing upon detection of a fault condition.

24.  The system of claim 18, wherein said at least one setpoint comprises two

or more setpoints.

25.  The system of claim 18, wherein said at least one setpoint comprises at
least one of temperature, pressure, power, processing time, lift position and flow rate of

a material.

26.  The system of claim 18, wherein said fault condition comprises a tool

fault.



6. The nmethod of claim11, further conprising termnating said processing
upon detection of a fault condition. 7. The method of claim1, WHE%@UW¥£QQQ
at | east one setpoint conprises two or nore setpoints. 8 The nethod of
claim1l1, wherein said at | east one setpgint conprises at |east one of
tenperature, pressure, power, processing tinme, lift position and flow rate
of a material. 9. The nethod of claim1, wherein said fault condition
conprises a tool fault. 10. The nethod of claim1, wherein said fault
condition conprises a wafer property fault. 11. The method of claiml,

wher el n SbOD SRS B9l MEOfD UL A ARIER R LonA FRA cBREHSE RQIHLy Of sai d

reci pe in one or éction nodels use e a range of
condiﬁrbpgﬁyifm&,cati ve of a fault condition. 12. The nethod of claim1,
wherein sald neasured wafer properties are not used to nodify said recipe

when a wafer fault is detected. 13. A nethod for processing wafers, said
met hod coPri silihg syistens oé pimf 18, Whereirclasdt dejectidrdmesiedy useattodefiimgat o a

reci pe, whereip.said recipe jnclydes  at |east one, setpoint for obtaining
one SRBRPECAIEERS ipdicttivh e flbeondifione whersingaidh it grisstipnireedels)
det ect.l > ikt Lndl cat I oy ' etection
syst ars PRGRAETHS WReSphRt AR pifanlerd, SR ot IGREPA} LMY Gl iR b8 21
reci peidaggetdingcémrsBérd neasured wafer properties to nmaintain said target
waf er properties in the absence of a fault condition, and not nodifying
said at | east one setpoint of said recipe according to said neasured wafer
propertied9i n ¥heysiewsionpeoedssing wafears ciaid By stem Cnprising: ncor por ati ng sai d
at | east one setpoint of said recipe as a paraneter in said fault detection
fsgﬁf tem 1%'ru}r1ht%-rrru%[ (r:]oonqr&flercfloxa'p%cle?’ssin\ghseari& Wafgrrsoa%%cs)rsdhqg t0a rte%{prg, W te%ginl fa
said recipe includes at least one setpoint for obtaining one or more target wafer

properties;
a sensor for measuring wafer properties;

a fault detector for detecting conditions indicative of a fault condition, said at
least one setpoint of said recipe being incorporated as a parameter in said fault detector;

and

wherein said run-to-run controller modifies said at least one setpoint of said
recipe according to said wafer properties to maintain said target wafer properties in the
absence of a fault condition detected by said fault detector, and wherein said run-to-run
controller does not modify said at least one setpoint of said recipe according to said

wafer properties when a fault condition is detected by said fault detector.

30.  The system of claim 29, wherein said run-to-run controller does not

modify said at least one setpoint of said recipe if a fault condition is detected.

31.  The system of claim 29, wherein said sensor measures wafer properties

during processing.

32.  The system of claim 29, wherein said sensor measures wafer properties

after processing.



condition is detected. 15. The nmethod of claim 13, wherein said step of
measuring occurs during processing. 16. The nethod of clai m 13, TQwWsnn2006
said step of measuring occurs after processing. 17. The method of claim 13,
wherein said at | east one setpoint of gaid recipe is incorporated as a
paraneter into fault detection nodels used to define a range of conditions
indicative of a fault condition. 18. A systemfor processing wafers in a
manuf act uri ng execution system said systemconprising a run-to-run
controller for controlling a tool according to a recipe received from said

e 5500 SHR R LB Wk ST abR G SRR LS SEebiER 7o
reas ‘f&hg?ﬂopé&ﬁﬁﬁ%hg' %&Ifét'iw&lf E?aleEéﬁtﬁ'tiBg a‘é@fxﬁédi%g RS Fiﬁé&%ré‘tgf gul't detector
for nmonPtoring sald wafer properties to detect conditions® indlcative of a

faul tpag@meiers, aidatlehst ovar ﬂitg@irﬁ@if daiclorediplel ARAId Aurs-ed-guf WBntrdiletn
controller; 16 January 2006 17 wherein said at | east one setpoint of said

recipe is nodified according to said processing attributes to maintain said
target waBér privpEstemelor pagerssingavefera it amanufgeiiding evecusioneystarad by sai d

fault detect i_n_which th I t t poj nt i t .nodified
accorinep o sarinsPpeele Wjhe Frfh deBEROon FSRESBR Yot GPnPEERE: one
setpoint of said recipe is incorporated as a paraneter in said fault

det ect or. QKRR r&XHHAR Rito Ghid fﬂrﬂ-%—rﬁﬂ&éﬁﬁéll@@%é&i@%@&r @oﬁt‘?aﬁﬁf_ﬁ] or
measuring watrer properties before execution of processing. 20. e system

of cleblnwh8reintvaiciarisaird]ddes 4t ldatteriecetminefatobtainifigoht ordrdgctarget i ndex
fromsaid neasured processing attributes, and forwards said index to said
r un- WRIPUPTQRSEERY| | er for purposes of nodifying said at | east one setpoint.
means for monitoring processing of said wafers by measuring processing
attributes including wafer properties and fault conditions identified by said fault

detection system;

means for forwarding said processing attributes to said run-to-run controller;

and

means for modifying said at least one setpoint of said recipe at said run-to-run
controller according to said processing attributes to maintain said target wafer
properties, except when a fault condition is detected by said fault detection system in
which case the at least one setpoint of said recipe is not modified according to said
processing attributes, said at least one setpoint of said recipe being incorporated as a

parameter in said fault detection system.

35.  The system of claim 34, further comprising means for measuring wafer

properties before execution of processing.

36.  The system of claim 34, further comprising means for generating a fault
detection index from said measured processing attributes, and means for forwarding

said index to said run-to-run controller for purposes of modifying said setpoints.



21. The systemof claim 18, wherein said run-to-run controller nggifies %?id
at | east one setpoint by conparing a predicted output against an @ﬂ%ﬁﬂh 4%
tool specification limt. 22. The systemof claim 18, wherein said
run-to-run controller nodifies said apgleast one setpoint by conmparing a
predi cted output against an acceptable tool range. 23. The system of claim
18, wherein said run-to-run controller term nates processing upon detection
of a fault condition. 24. The systemof claim 18, wherein said at |east one
setpoint conprises two or nore setpoints. 25. The system of claim 18,

wherein sajgfl atr}eashe QNG a&g&%%ggm%%isaﬁgeéﬁs fdrgﬂfs{iiof‘%i}%acgéemgﬁ@sgr ature,

pressure, power, processing ti I on an

mat eriahns #2.coiSarsys s predictéd aiPutdganttenriabegubleltadl specoficitiondmeonpri ses
a tool fault. 16 January 2006 18 27. The system of claim 18, wherein said

fault condition conprises a wafer property fault. 28. The systemof claim
18, wher ei38. f auThe geatenmt dfothain dél wherdn said Mesnhtoranodifyig afmpoises t i ons

i ndicative,of a fault con(g]jéi n, wherein said fqu@% dek)ecti on nodels are
modi PN BT RERPGIGE eTe %’g? et @8aInst an @ecaPRRIeIPO &S et poi nt of sai d
recipe at said run-to-run controller. 29. A systemfor processing wafers,
sai d syst co L Sd A8k s hp- : r | Ldy waf er s
accordi ngegt% an?lgéc?%%%nvﬂeégﬁlg@’s%?g\e?gggggwilﬁéFEJ ggﬁgﬁﬁg@t& gggghfsaet poi nt
for ohloakssimgupos detedtivneoft afaget covadition. properties; a sensor for neasuring
waf er properties; a fault detector for detecting conditions indicative of a

fault condition, said at | east one setpoint of said recipe, being
i ncor por at4 aslBe prstenmeatclaim 34y hereiy saiddanfiopdition gamprises a tool

fault.

41.  The system of claim 34, wherein said fault condition comprises a wafer

property fault.

42.  The system of claim 34, wherein fault detection models used to define a
range of conditions indicative of a fault condition are modified to incorporate, as

parameters, said at least one setpoint of said recipe at said run-to-run controller.
43. A system for processing wafers, said system comprising:

means for processing said wafers according to a recipe, wherein said recipe

includes at least one setpoint for obtaining one or more target wafer properties;
means for measuring wafer properties;
means for detecting conditions indicative of a fault condition; and

means for modifying said at least one setpoint of said recipe according to said
measured wafer properties to maintain said target wafer properties in the absence of a
fault condition, and not modifying said at least one setpoint of said recipe according to
said measured wafer properties in the presence of a fault condition, wherein said at
least one setpoint of said recipe is incorporated as a parameter in said means for

detecting conditions indicative of a fault condition.



wherein said run-to-run controller nodifies said at | east one se{qo‘%innt 05006
said recipe according to said wafer properties to maintain said b'@fy
waf er properties in the absence of a fault condition detected by said fault
detector, and wherein said run-to-run sgontroller does not nodify said at

| east one setpoint of said recipe according to said wafer properties when a
fault condition is detected by said fault detector. 30. The systemof claim
29, wherein said run-to-run controller does not nodify said at | east one
setpoint of said recipe if a fault condition is detected. 31. The system of
cl aim 29, er ef [0 IS [ rti: r.iNg..processing.
32. The syig]emegl?e %@5&5‘1@3:?‘8&}12?3’?%&%%} ﬁ?gscgrslssoéq%eéyulrgétsed\?\g ef?glptroperti es

af t ercopd9sEs & déectd8. January 2006 19 33. The system of claim 29, wherein
fault detection nodels used to define a range of conditions indicative of a
fault condition are nodified to incorporate, as paraneters, said at |east
one set poidt ofThasybterncifplaint 43 avkeneimfaudt detecttommaddlensedso dafisgst em f or
processing.wafers in a manufacturjng sx,ecuti on é{fstem using a run-to-run

cont rrangep! prditions andicaue gk fat sgrditian argirgodifeddte) ingpsRATat 35 neans f or

receiyj el nt 0. sal -1 0= i pe f n |1ing a
tool PAiRes G113 fabt Bl RrbBbiEI I 1ochlq o Sl EulSonh MR TG one
or nore target wafer properties; neans for nonitoring processing of said

wafers by maswc@mm&_@ﬁpﬁ?ram embbtidldbea cohghudt-neadwile mediopefdd es and
fault conditions identified by said fault detection system neans for

f or warraresgingavdfers de egnamgfagturing exensition system uging arunrogum qagitradler and
means for nodifyi said at l.east one setpoint gf said recipe at said

fon st el slete e ko A more T Pl eGSR TiBes t o mai nt ai n
said target wafer properties, except when a fault condition is detected by
sai d faul tco?r?ﬁ@c@% k%ﬂéi&%dcﬁon@%ﬁ&cﬁ%ﬁﬁg}iﬂ?o aidlreasfo- AN SR Nh of said

recipe is not nodified according to sai
recipe for controlling a tool, wherein said recipe includes at least one setpoint for

obtaining one or more target wafer properties;

computer readable instructions for monitoring processing of said wafers by
measuring processing attributes including wafer properties and fault conditions

identified by said fault detection system;

computer readable instructions for forwarding said processing attributes to said

run-to-run controller; and

computer readable instructions for modifying said at least one setpoint of said
recipe at said run-to-run controller according to said measured processing attributes to
maintain said target wafer properties, except when a fault condition is detected by said
fault detection system in which case the at least one setpoint of said recipe is not
modified according to said measured processing attributes, wherein said at least one

setpoint is incorporated as a parameter in said fault detection system.

47.  The computer-readable medium of claim 46, further comprising computer

readable instructions for measuring wafer properties before execution of processing.



processing attributes, said at |east one setpoint of said recipe iqg
incorporated as a paraneter in said fault detection system 35. 1 9&%@9%
of claim 34, further conprising neans for measuring wafer properties before
execution of processing. 36. The systeppof claim 34, further conprising
means for generating a fault detection index fromsaid neasured processing
attributes, and neans for forwarding said index to said run-to-run
controller for purposes of nodifying said setpoints. 16 January 2006 20 37.
The system of claim 34, wherein said nmeans for nodifying conprises neans
for conpasgng Ther@hstied-readdble ndghinss! dRin 26 Siiredreohasisifpeehipwat i on
limt. 38. The system of claim 34, wherein said neans for nodifying
conpréasiadle instnctioos feogerarating a fpubdleteatiprondpy fraag shissmeasuredcept abl e t ool
r. term nating

. 39.. Th t | ai 34, furth i Si f.
o Bronessin g s e SnpiBk feadaplf itstrudiRIfor i arg e sl dpdEem o
| ai m: i i i td i | f lt. 41. Th
Sy ot BtbunOERE Qoffbflor R HurBOGS A MBI FOI caf@Redolilel TaUIE. AL TR

fault. 42. The system of claim 34, wherein fault detection nodels used to

define a 49ang@hefcoedmalietireadabledhatitihvef dhird 4bpwherainrgid éqinpate nodi fi ed

to incorporate, as paraneters, said at |east one setpoint of said recipe at
sai dreagiableinstmctions fot medifying campyises pomputerrreedablerigstna¢téons fazai d syst em
conprising: means,.for, processi.ng sai d wafer ccording to. a reci pe, wherein
o acoRennos | AEriced BHPREARHNS AT edetitle tedePREtiR PR Bite or mor 6 ¢ ar get
waf er properties; means for neasuring wafer properties; neans for detecting
condi tiongpl nd%%tdoﬁ?p&ferfi‘ezi&dﬂlé nfNdh bONaird2E, WBRASN $Q1d &mﬂpw%m sai d at

| east one setpoint of said recipe according to said neasured wafer
pr opegddable instmetiohaifor s@idifyimg get prsbe compoper teadablerinstractidusefoure of a

fault condition, and not nodifying said at | east one setpoint of said recipe
accofemparing a predicted output against an acceptable tool range.

51.  The computer-readable medium of claim 46, further comprising computer
readable instructions for terminating said processing upon detection of a fault

condition.

52.  The computer-readable medium of claim 46, wherein said fault condition

comprises a tool fault.

53. The computer-readable medium of claim 46, wherein said fault condition

comprises a wafer property fault.

54.  The computer-readable medium of claim 46, wherein fault detection
models used to define a range of conditions indicative of a fault condition are modified
to incorporate, as parameters, said at least one setpoint of said recipe at said run-to-run

controller.

55. A computer program embodied on a computer-readable medium for

processing wafers, said computer-readable medium comprising:



sai d neasured wafer properties in the presence of a fault condit}j \? \A,hgo%i(sn
said at |east one setpoint of said recipe is incorporated as a t?gdzi'i’@

said neans for detecting conditions indicative of a fault condition.
January 2006 21 44. The system of clai 43, wherein processing is term nated
if afault condition is detected. 45. The systemof claim43, wherein fault
detection nodels used to define a range of conditions indicative of a fault
condition are nodified to incorporate, as paraneters, said at |east one
setpoint of said recipe at said run-to-run controller. 46. A conputer
rograme | P ?&.3;)1] ggg.qj% f j in a
ﬁangf actu??ﬁ?%gg%@gﬁgggﬁlg%o{ﬁl n z(a)%?un- %ﬁéfgﬁ%@%ﬁ%{g}% vmal\?{??%éf aul t
det ec¥hareirsyasd eotips ancludespilieast dreastapbiat RO BAIrdAFNE DI tForeCtaf@etafer
readabl e instructions for receiving, into said run-to-run controller, a

reci paopentiegontrol ling a tool, wherein said recipe includes at |east one
setpoint for obtaining one or nore target wafer properties; conputer
readabl e instryctions.for nj.torin rocessing of said wafers by neasuring
processi ngogmt#ﬁ{){ﬁa bIWEDHFhﬁnmgpg%mﬁ Wlag%r RIOFEFUS t conditi ons
identified by said fault detection system conputer readable instructions

for forwarg te Rt dRbRERE AR RS Er &li!é&ﬁx(ﬁ fbr?cﬁ'{igns M&&@Yé gfa eQntrol ler;
I for no

and conputer “‘readabl e 1 nstructions ying sald at | east one setpoint
of seodditioechpd at said run-to-run controller according to said neasured
processing attributes to mnmamintain said target wafer properties, except when
a fault condition is gft,ect ed by ?ai d fault dgte tion systemin which case
the at | eSQTPBHEr radapleinspuciansyfordppReying sid at fasgt pnetetReadr?fisdifl t o sai d

meas ' ' ' ' t . . Lnt is
ool Sop s P SEY A oM ET w OB IR Bl R e B Mg T AR
co rmwr@]tbeﬂti@gﬁ@tth@amaw oY @ffacl @bA#fon, BHA MR MEQIPINgHald aE RABUGRE I eadabl e
instructions for measuring wafer properties before execution of processing.
16 Jaetpaint f@asl recipe according to said measured wafer properties in the presence of a

fault condition, wherein said at least one setpoint is incorporated as a parameter in a

fault detection system.

56.  The computer readable medium of claim 55, wherein processing is

terminated if a fault condition is detected.

57. The computer-readable medium of claim 55, wherein fault detection
models used to define a range of conditions indicative of a fault condition are modified

to incorporate, as parameters, said at least one setpoint of said recipe.

58. A method for processing items in a manufacturing execution system using
a run-to-run controller with a fault detection system, said method comprising the steps

of:

1) receiving, into said run-to-run controller, a recipe for controlling a tool,
wherein said recipe includes at least one setpoint for obtaining one or more target item

properties;

2) monitoring processing of said items by measuring processing attributes

including item properties and fault conditions identified by said fault detection system;



22 48. The conputer-readabl e nmedi um of claim46, further conprisjng conputer
readabl e instructions for generating a fault detection index froﬁ ‘gééluagpzooe
measured processing attributes, and conmputer readable instructions for
forwarding said index to said run-to-pgn controller for purposes of

nodi fyi ng said setpoints. 49. The conputer-readabl e nmedi um of cl ai m 46,
wherein said conputer readable instructions for nodifying conprises
conput er readable instructions for conparing a predicted output agai nst an
acceptabl e tool specification limt. 50. The conputer-readabl e medi um of

cl aim 46, erein said conputer .readahble instructiqns for nodjfyin

combr | ses BonpPBr S PLREEBIEPToerHOE At puteb sl Har P BB B out put
agai nst an acceptable tool range. 51. The conputer-readabl e nmedi um of claim

26 furth an \ : . or i nat | i d
urtnay Conrfﬂgaefig{c}% éé‘?&fﬁrlegé% %ﬁftééjcﬁghﬁ éiifgﬁfcf fé%iéizep di@rub86HRAL I NG sal

processi ng” upo on o condi t1on. e conput er-readabl e

medi wohtrbllet acdordtng tohaiid inteasaret pasdebsingpatiribunss teomitatesaid thogdt ifeanl t .

53. The conputer-readabl e nmedi um of claim46, wherein said fault condition
conpiprepertieswecept phepes faplf candition s detestegldrpsaidfaplistesestiomesterminf ¢l ai m
46, erein fault ,detection .npdels used to define.a rangg.of, conditions
nai S0oD soes 8 31605 ShgsathabhoEad iaPe rone Cre i@ pAGHEIE i ar amer er s,
sai d qash,eas r&éé%si%%%ﬁ‘i%e@wﬁé’ﬂe% E&Al A9eddh oﬁ@'s@taf £ E%Eék%or&féﬂtz{soi ler.

55. A conput ér progPam enbodi ed on a conputer-readabl e nmedi um f or

pr oc pasamgtendh sakl fasdii detectiqqusgstemeadabl e medi um conpri sing: 16 January 2006

23 conputer readable instructions for processing said wafers according to a

reci pe, wherein said recipe includes at |east one setpoint for obtaining
one or nor&- t arlgemegrad of Jaign &Pt fusther ComPRIENE MReAFBIS IR PIOPETtdRs f or

Teas Y tdld YRl RioRbPRRidEL SRy,

60.  The method of claim 58, further comprising generating a fault detection
index from said measured processing attributes, and forwarding said index to said run-

to-run controller for purposes of modifying said at least one setpoint.

61.  The method of claim 58, further comprising terminating said processing

upon detection of a fault condition.

62.  The method of claim 58, wherein said at least one setpoint comprises two

or more setpoints.
63. A method for processing items, said method comprising the steps of:

1) processing said items according to a recipe, wherein said recipe includes

at least one setpoint for obtaining one or more target item properties;
2) measuring item properties;

3) detecting conditions indicative of a fault condition using a fault detection

system; and

4) modifying said at least one setpoint of said recipe according to said

measured item properties to maintain said target item properties in the absence of a



conput er readable instructions for detecting conditions indicative of a
fault condition; and conputer readable instructions for nodi fyﬂﬁgjaé‘(‘s{?’éf 2908
| east one setpoint of said recipe according to said neasured wafer
properties to maintain said target wafggy properties in the absence of a
fault condition, and not nodifying said at | east one setpoint of said

reci pe according to said neasured wafer properties in the presence of a
fault condition, wherein said at |east one setpoint is incorporated as a
parameter in a fault detection system 56. The conputer readable nmedi um of

cl ai g codifioR, Bnﬁrr%%ﬁédwgm a1c§ at @a@%r?@'sétﬁoﬁt%@gélh el -8Ry ih to
detected. 57. The conputer dabl e mediumof claimb erein fal

det e@aid)meamtéell iserngadperticddhithe paesenogof @ffalﬁomhcﬂlmns witiedéinakiid at m‘asa faul t
condition are nodified to incorporate, as paraneters, said at |east one

set poinstsefoihisdnFerpiqsatedss.a parasetenint srid fayt detsctignisysiesni n a

manuf act uri ng executl on system using a run-to-run controller with a fault

detection yst i si.ng _the ste £e e|V|ng, into
said run-? IFIBCTOVE CH ﬁg’c %‘reflg%r%‘?’?ts% ‘ﬁrdmémf%% atz ferein said
reci anaﬂgrpg%t@&eaeast one set point for obtaining one or nore target item
properties; 2) nonitoring processing of said itens by measuring processing
attributes including itemproperties and fault conditions identified by

sai d f aul 65det ek systansios tproresithglitemaaliity a2086ufaddt3)ngd exevartidnrayssandsaid
processing attrjbutes to said run-to-run controller; and 4) nodifying said
at Iéﬁ%tﬁﬁb%HEé‘tSH‘tﬁ nt of said recipe at said run-to-run controller
according to said neasured processing attributes to maintain said target

i tem progeril @Sy, £ &r\ﬁﬁ&ll Pc@n{ QHHE%&P&)Q@%&H&@?%S&PE% ¥yed 'fr%nfxa“'t

detection systemin case one orn recipe is

not REd haadfatenngiergeitiorsgstemmpaeuciadaid e&ess imluddd 4t lbadtese ®itn sai d
at | east one setpoint is incorporated as a paraneter in said faul
det ede1 @ﬁagyggéme or more target item properties;

a sensor for measuring processing attributes including item properties;

a fault detector for monitoring said item properties to detect conditions
indicative of a fault condition and forwarding said conditions to said run-to-run
controller, said at least one setpoint being incorporated as a parameter in said fault

detector; and

wherein said at least one setpoint of said recipe is modified according to said
processing attributes to maintain said target item properties, except when a fault
condition is detected by said fault detection system in which case the at least one

setpoint of said recipe is not modified according to said processing attributes.

66.  The system of claim 65, further comprising a sensor for measuring item

properties before execution of processing.

67.  The system of claim 65, wherein said fault detector generates a fault
detection index from said measured processing attributes, and forwards said index to

said run-to-run controller for purposes of modifying said at least one setpoint.



59. The nethod of claim58, further conprising neasuring item pr rties
bef ore execution of processing. 60. The nethod of claim58, furtfbg‘fa”“arymos
conprising generating a fault detection index from said nmeasured processing
attributes, and forwarding said index p® said run- to-run controller for
pur poses of nodifying said at |east one setpoint. 61. The nethod of claim
58, further conprising termnating said processing upon detection of a
fault condition. 62. The method of claim 58, wherein said at | east one
setpoint conprises two or nore setpoints. 63. A nethod for processing

i tems, saigd MetiROsGRRIdrEidih 63)SyIdreRSsadll ruddto M ACR AR r S8 Hidh&™
according to a reci'pe, wherein said recipe includes at |east one setpoint
for @hbedssinggupore detectioneftagaghtcondéivpr operties; 2) neasuring item
properties; 3) detecting conditions indicative of a fault condition using a
fault detection_ system and 4) nodifying said at |east one setpoint of said
reci pe ac®8r di Ngraystem®f cldmstl achareinsad apigast ere setPRItRCANPrises Ve ar get
itemﬁgro&ert' es '&n t he absence of a 16 January 2006 25 fault condition, and
not POMYYiSHPYRY at | east one setpoint of said recipe according to said
measured item properties in the presence of a fault condition, wherein said
at |east ppne %E?ﬁbﬁifdrinrb@é‘s@[r%oirté}h@,%a?ésﬁstﬁﬁ{ &Bpekirlgh sai d fault
detection system” 64. The nethod of claim®3, wherein processing is
termnated if a fault condition is detected. 65. A systemfor processing
items in ammswaot cnimgllendec promssingsadditesss atcosdisgdmaaenipe, svhegeina
run-to-run, cqnt;\%@ltser 1for controll ifn é)g t.opl accordi ng to a.recipe received
f r omPaighiegingdhg Gt RSt ORE EEHPOHM é’g EHPIRG e P MOIF Jatgst it8 i ncl udes at
Ieas%rgﬁgrt@gl point for obtaining one or nore target itemproperties; a
sens6r for neasuring processing attributes including itemproperties;

a sensor for measuring item properties;

a fault detector for detecting conditions indicative of a fault condition, wherein
said at least one setpoint of said recipe is incorporated as a parameter in said fault

detector; and

wherein said run-to-run controller modifies said at least one setpoint of said
recipe according to said item properties to maintain said target item properties in the
absence of a fault condition detected by said fault detector, and wherein said run-to-run
controller does not modify said at least one setpoint of said recipe according to said

item properties in the presence of a fault condition detected by said fault detector.

71. A method for processing wafers in a manufacturing execution system
using a run-to-run controller with a fault detection system, said method comprising the

steps of:

1) receiving, into said run-to-run controller, a recipe for controlling a
tool, wherein said recipe includes at least one setpoint for obtaining one or more target

wafer properties;



a fault detector for nonitoring said itemproperties to detect cgn itioQ%

i ndicative of a fault condition and forwarding said conditions t ugry 2006
run-to-run controller, said at | east one setpoint being incorporated as a
paraneter in said fault detector; andywherein said at |east one setpoint of
said recipe is nodified according to said processing attributes to nmaintain
said target item properties, except when a fault <condition is detected by
said fault detection systemin which case the at | east one setpoint of said
recipe is not nodified according to said processing attributes. 66. The
system of cl ai m\65, IS : N I

properties bef (r)ﬂl) e ex%gfl}%t?gﬁgg?gg{:%? gfi %é& %%%QFST%IFT‘S%E?%J% gtc:%stgl 65,

wher eitfritageslirfdudingdea e peopaeive aadeault doaditiondlieleatitiedrby gadéfadfiitom sai d
measur ed processing attributes, and forwards said index to said run-to-run
cont rdgtearorf systeyur poses of nodi fying said at | east one setpoint. 16 January
2006 26 68. The system of claim65, wherein said run-to-run controller

term nates praqgessi upen detection .of a fault condition. 69. The,system
of ¢l aim 65, whir o fOLYFHIRE SR BFOGRUNS A RHHES ORI B THE CoRr e
setpoints. 70. A systemfor processing itens, said systemconprising: a
run-to-run contgpol | %pﬁfg?brge %ﬁ&%%'le%t SAé Je oo RRRPFLiPY af £id ruBCioPRIn

wherein said recipe In at | east one setpoint for® obtalning one or

nor e coatgiler at@rdiny wpaid nesisused prsw@ssihgratiritastes tomaihtain paidpatgétes; a
fault detector for detecting conditions indicative of a fault conditian,
wher évafer papperiies when ne faulteenbition isetasted brsnidefaudt deteetionprstem aada

paranmeter in said fault detector; and wherein said run-to-run controller

modi fies said | egst cSet pai. f ' [P i d item
properties to e!:’ti nt gforlf Iﬁé&@’?‘ﬁ%{%@%f Feear%?%}rlgﬁee ? fc“rgsoqisgﬁfgéecgpé;g%éeaﬁggaéf a
faul ttoGaREoht Mt at@stiath Rysaidifledstided pd6tRsIngTattr¥\ckeyReR@l AfHdkd run-to-run

condition not requiring termination of said processing is detected by said fault

detection system.

72.  The method of claim 71, further comprising measuring wafer propérties

before execution of processing.

73.  The method of claim 71, further comprising generating a fault detection
index from said measured processing attributes, and forwarding said index to said run-

to-run controller for purposes of modifying said at least one setpoint.

74.  The method of claim 71, wherein said modifying comprises comparing a

predicted output against an acceptable tool specification limit.

75.  The method of claim 71, wherein said modifying comprises comparing a

predicted output against an acceptable tool range.

76.  The method of claim 71, further comprising terminating said processing

upon detection of a fault condition.

77.  The method of claim 71, wherein said at least one setpoint comprises two

or more setpoints.



controller does not nodify said at | east one setpoint of said regjpe
according to said itemproperties in the presence of a fault cdﬁ%¥¥waw2m°6
detected by said fault detector. 71. A nethod for processing wafers in a
manuf act uri ng execution system using ggrun-to-run controller wth a fault
detection system said nethod conprising the steps of: 1) receiving, into
said run-to-run controller, a recipe for controlling a tool, wherein said
reci pe includes at | east one setpoint for obtaining one or nore target

waf er properties; 16 January 2006 27 2) nonitoring processing of said wafers

by neasuri-ag pr I I, Byt Lol udi f J aul t
condi ti ons?'8 i denti ¥?\§%0§§%§h?§uﬁeh§g€ggﬁ[ ?%ﬁx\%yog{ee%w@ﬁ %(b)lr%%é%g?ﬁé said
Pr OC @&t Ble f témputaard, pregide powb® profescionitirak) left poditiopahd Yiongrataiod at

| east one setpoint of said recipe at said run-to-run controller according

to saimaterimdured processing attributes to maintain said target wafer
properties when no fault condition is detected by said fault detection

system and 5) .ot difying.said at |l.east, pne setpaint of said recipe at
S8 Tuns oot dtemmnied SEAR s whereinonit T aRhion comrisigole i but es
when¢a frault  condition not requiring term nation of said processing is
detected by said fault detection system 72. The nethod of claim71,
further conprising neasuring wafer properties before execution of

processi n@0. 73.Theheetiaschoficlaim 71 pivitleFéin shid favet corrifioh sontprgener ahidrg a
fault detection index from said neasured processing attributes, and
form@fﬂpﬁlﬁ}’i@iﬂ& index to said run- to-run controller for purposes of

nodi fying said at | east one setpoint. 74. The nethod of claim 71, wherein

sai d nodi fyi ng ruse i N .preedi, ct ed t i_nst ..accept abl e
t ool specifTi catﬁ%n%ﬁt}%f?ﬁggﬂg%@&#gf%gég%fft d@&aﬁ“%%&ﬁﬁ%%??ﬁms%?g‘en%di fying
CONMPrhRES o CESMABLILAY irdicMivelbed li1pebMditiondat eddi#Rda6GREGPIratel @91 range.

parameters, said at least one setpoint of said recipe at said run-to-run controller.

82.  The method of claim 71, wherein said measured wafer properties are not

used to modify said recipe when a wafer fault is detected.

83. A system for processing wafers in a manufacturing execution system, said

system comprising

a run-to-run controller for controlling a tool according to a recipe received from
said manufacturing execution system, wherein said recipe includes at least one setpoint

for obtaining one or more target wafer properties;
a sensor for measuring processing attributes including wafer properties;

a fault detector for monitoring said wafer properties to detect conditions
indicative of a fault condition and forwarding said conditions to said run-to-run

controller; and

wherein said at least one setpoint of said recipe is modified according to said
processing attributes to maintain said target wafer properties when no fault condition is

detected by said fault detector, and wherein said at least one setpoint of said recipe is



76. The nmethod of claim 71, further conprising termnating said prpcessi
upon detection of a fault condition. 77. The nethod of clain171;ﬁvﬁ@P3WﬁQ%6
said at | east one setpoint conprises two or nore setpoints. 16 January 2006
28 78. The nethod of claim 71, wherei mgaid at | east one setpoint conprises
at |least one of tenperature, pressure, power, processing time, lift
position and flow rate of a material. 79. The nethod of claim 71, wherein
said fault condition conprises a tool fault. 80. The method of claim 71,
wherein said fault condition conprises a wafer property fault. 81. The

met hod, of aim 71, .wherein fault detection del s _used t fine.a range
of - cgeamadttRedrait e SR meynlrefl Rebne PR AR RN A BB co i ar o
as PRk %Ef}i%g teBRirthtRin bAHY p%&e_s%gra@ dRtectdd BRistid Bl tREetBétosai d run-to-run
controllef. 82. The method of "claim 71, wherein” said nmeasured wafer
properties are not wused to nodify said recipe when a wafer fault is

det ect ed. 833. Amystseam fob clapmoide $sither vahprisirigna servan fidacieasirigg exafent i on
system said_ systemconprising a run-to-run controller for controlling a

t 0ol paepentieshgidts exepwlipmef PERIEPHBE- from sai d manufacturing execution
system wherein said recipe includes at | east one setpoint for obtaining

one, O8O, | G RS PRGSO e A R

attributes™i ncludi wa propé § oring said

vaf erdeRf@iBarihties fidin _@Qlffdefﬁteaﬁ&@@iéﬂo@éb%in% Rdtibatdsy en@forvdrldlshi® eyl iopn and
forwarding said conditions to said run-to-run controller; and wherein said

at | sask runmo-sen pontmollerf fog giwtpoees gfenodifypg faidadt dasbonk setpointsai d
processing attributes to maintain said target wafer properties when no fault

condition_is tected b 1sai faylt detector, and wher {n sai. d. at lfast one
set poi nt §p sai ers§éfe6%o¥g alm 83, wherein said run-to-run confroller modities sai

at least one setpoint by comparing a predicted output against an acceptable tool

specification limit.

87.  The system of claim 83, wherein said run-to-run controller modifies said

at least one setpoint by comparing a predicted output against an acceptable tool range.

88.  The system of claim 83, wherein said run-to-run controller terminates

processing upon detection of a fault condition.

89.  The system of claim 83, wherein said at least one setpoint comprises two

or more setpoints.

90.  The system of claim 83, wherein said at least one setpoint comprises at
least one of temperature, pressure, power, processing time, lift position and flow rate of

a material.

91. The system of claim 83, wherein said fault condition comprises a tool

fault.

92.  The system of claim 83, wherein said fault condition comprises a wafer

property fault.



16 January 2006 29 not nodified according to said measured processing
attributes when a fault condition not requiring termnation of Kafgfuary 2006
processing is detected by said fault detector. 84. The system of claim 83,
further conprising a sensor for neasurijmg wafer properties before execution
of processing. 85. The system of claim 83, wherein said fault detector
generates a fault detection index fromsaid neasured processing attributes,
and forwards said index to said run-to-run controller for purposes of

nodi fying said at | east one setpoint. 86. The system of claim83, wherein
sai d run-ba- T UTHOBLERh bEEImRA Wit Ml GRH nPPRISHLMee £0TPAT | NG
a predicted output “agal nst an acceptable tool specification limt. 87. The
syst eangd ofcdaiditi8as indtiedtév dobatalilt eondicionte ewsitifiet teindorgotitesasai d  at

| east one setpoint by conparing a predicted output against an_acceptable

t ool przametergsaidratleastanmsespoinit of prigecipeat shid Bai-tb-run centrollar.contr ol | er
termnates processing upon detection of a fault condition. 89. The system
of claim83, wherein said at | east one setpoint conprises two or nore
setpoints. 90. The system of claim83, wherein said at |east one setpoint
conprises at |east one of tenperature, pressure, power, processing tine,
lift position and flow rate of a material. 91. The system of cl ai m 83,
wherein said fault condition conprises a tool fault. 92. The system of claim
83, wherein said fault condition conprises a wafer property fault. 16
January 2006 30 93. The systemof claim83, wherein fault detection nodels
used to define a range of conditions indicative of a fault condition are
nodified to incorporate, as paraneters, said at |east one setpoint of said
recipe at said run-to-run controller.



