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PCT/ Usogérl%ilrgéﬁon 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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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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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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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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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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the present invention, the nodel may be entered or inplenented

exatil ereadradipeliys thedgiimd Brechpropsiées O peediciefignePng gsPethemRrdmEnts af’am on

phase paaf dldnkors BRIJIBGnay R ¥nieidl bARpRn®BidH 696U hifple W kss eﬂgnw‘r aEdhblr i ng
nodel may be utilized. |In use, the neasurenents of any nunber of wafer

pr oper t lﬂ@sduaf%a Wéiel“é&‘f‘%l&a%f@?sé g Wgpeshtiedtty S@@bléfsﬁ%lﬁowﬁe@%%f?rng by
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run-to-run 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 run-to-run
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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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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 possible that measurements are not performed on
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30  Also, it is 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, etc.
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30 trigger). Asknown 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 fault condition.
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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. Thus, the difference between the predicted and actual values may be used to

35  determine the fault condition boundaries.
FIG. 6 illustrates a block diagram of one example 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
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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 also

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)



transmtted to bus 656. In addition to these conponents, the control system
al so optionally includes an infrared transmtter 678 and/or infrared

recei ver wWoai3/obeshs ared transmtters are optionally utilizednasez2iouhe
conputer systemis used in conjunction With one or nore of the processing
conmponent s/ stations that transmts/retkives data via infrared signa

t r ansmi g8iagm someeombingtiert thereef} ¢te-j lgddition. afleast someemhpdiments afthgypresent inypntien ed
recei veg,, &mt&&&ttﬁ&éonﬁw ﬁmaﬁmnealu%pca%& hanahlidionse a Iow power radio

transmtter 680 and | ow power radio receiver 682. The Iomupomer radi o

transmtter Emgmmqtgoftthp@rgqegna\[enqi@rcorl@@glptqtlaﬁﬁ vasipus posHL9E fafevagsrfot he

pr OdUCtl et Edhe varﬂnﬂgasf)ﬁffsedf\fﬁeﬁ)rébﬂQﬁje%(;nra@??e@@@sl?@éip@d}@eﬁrﬁreéﬂleainrtﬂée | ow
power I 0 recelver 7 1s an illustra an exenpl ary conputer
read%bléwmgwﬁﬂy%ﬂéGWﬁﬁa784 utilizable for 30 storing conputer readable
code or inst{uchlang sﬂoﬂﬁlﬂéghﬂgasfzg@thgﬂﬁ@\taﬁ%ﬂs’ cofripGAeRB (OF smb&hiRdnts d?@hegﬁ’&ent
exanple, nedi'um /84 may be used with disk drives illustrated in FIG 6.

Typi cal Inyentiop fasyBe implamented ja hardyares SofypRp. ariasrEbingjonshecyyf Rmycipimbediegist al

vi deo  dingKaMiuk Icor@%‘ﬂgrﬁé fhd stePd wEH@BPInienten @M i HardWatEankiRE &fvatdb parforitRgl €
byte | anguage and the programinformation for controlling the above system

t o enabfuctigie of theprgtenieipvenBoh AfygreitRtlyevailahletor Bifue developedromprist wityare

Al 't g5 Nafah MBLY andiRPAh ARG e&ﬂmém&wb@ @%pl%?é"d iRkeA e%ﬁochﬁ.eﬁ@ adhé FeRhQh@nlife
program information that i's used to instruct the central processing unit
658 to Ferexamplenat lgest sqssrod thedhectigradiomentiged g s coHd be Hgnlamnteawé@é%ggc &t her

exanpl escpf ortiel fRLAMARIEV s&ipting RALAR Qe FEUCE, HetMl, 18¥.Q)ris0d.. | nf or mat ion
i ncl ude’ magnetic, électronic, or optical i ncl'udi ng hol ographic) WO

03/ 009345 PCALEWAP be sppreciated and widgigieod Dathe 8efF ﬁal?qdaﬂenf% r‘@d‘l“’e“'é‘tnc I'n

addi t i ofescied hE@MbefSRAR .ﬁamwlumw@ome FREralBrRSPRE of Y BREAHRA. VEEenpl at e
that the conputer readable nmedium can be a transm ssion, Enbadi nents of the

pr ebent mdifietiopoRacksRadRpY Hoee KHist intae beresigeRt T Bile RSl SRR £ or

i mpl emepdrbingefdcbe various aspects of the present invention as previously
described can reside in the 5 menory/storage devices. In general, it
shoul d be enphasi zed that the various conponents of enbodi nents of the
present invention can be inplenented in hardware, software, or a

conbi nati on thereof. In such enbodi nents, the various conponents and steps
woul d be inplenented in hardware and/ or software to performthe functions
of the present invention. Any presently avail able or future devel oped
conput er software 10 | anguage and/ or hardware conponents can be enpl oyed in
such enbodi nents of the present invention. For exanple, at |east some of
the functionality nentioned above coul d be inplenented using BASIC, C Ct++
or other programm ng or scripting |anguages (e.g., TCL, Pearl, Java or SQ..
It is also to be appreciated and understood that the specific enbodi nents
of the invention described hereinbefore are nerely illustrative of the
general principles of the invention. Various 15 nodifications may be made
by those skilled in the art consistent with the principles set forth

her ei nbef ore. WD 03/009345 PCT/ US02/ 21942 14



CLAIM5 We claim | . A nmethod for processing wafers in a manufacturing
execution systemusing a run-to-run controller with a fault detection
system swpd3meishod conprising the steps of: 5 1) receivi mgr/usar/o193ai d
run-to-run controller, a recipe for controlling a tool, wherein said
reci pe includes at |east one setpoint ¥or obtaining one or nore target

waf er properties; 2) nonitoring proddsAiMy of said wafers by measuring
processing attributes including wafer properties and fault conditions

i denti f Wedtlaby: said fault detection system 3) forwarding said processing
attributes to said run-to-run controller; and 10 4) nodifying said at |east
one set poi nt Adfethodifer iresessHie vafersigiadnanpfactiong XACUEOn SN W ag¢ et ng t o

sai d MeasbRy wﬁ’tﬁQ(fﬁﬁﬁiefégti(ﬁats}'&élﬁ%ﬁi@$ne¥hf8d EHhHstigNhSadd ot ar get  waf er
properties, except when a fault condition is detected by said fault

det exti on sybt em regeivimdntpstihig-tofuncpaifaien a recipedereentedlingd eplnyheiengait i ng
waf er prepelkhes PREQOR: LBmbid 8htaifhg o RGR3SIal@t wafer propeflte; Met hod of claim
1, further conprising generating a fault detection index fromsaid

neasur ed pro®essi RERINE PIEISEES Ofald VRETvRY BeasYyingpreressigatribues duglyling

run-to- Gu@r & Rlah®faulk ndRhLASRSiePby sallrdhlf JetdHoSAtEmat | east one
setpoint. 4. The nethod of claim1, wherein said nodifying conprises
conparing a Predi Preadiggsgidiprocesying REputssfo spie aprtaprEcipliers¥eci f i cati on
limg. 20 5.g5The mBaiR@k @fd £ledt Bhelsetp¥hsrahia r&ftiett SRuhYd-RE 6RFIMEI SEs
conparing a predicted output A against an_acceptable tool range. 6. The

met hod #fodingjteyyad m?ﬁﬁ?rF%@Pc%ﬁj%f?‘ﬁr@Ptﬁb‘Ot“@mﬁ‘h sd REpCEWMEr IBPRSEES SKFFEL WHEIR

det ect i pQicedndRioh &etected B SHid fa@detebrion$yteet hod of claim 1, wherein said at

| east one setpoint conprises two or nore setpoints. 25 8. The nethod of
clai m 1o wWhetgi fetbed ot cRim I Sasfer 8dtfprisAE RRhdting RARF profstiad befoRAitcuBeoOf
tenperature, pressure, power, processing tine, lift position and flow rate
of a maP@f$¥Pe 9. The nethod of claim 1, wherein said fault condition

co i ses a tool ult . 10. The nmethod of cl ai ., Wherein said . fault

conti 1 m consmebElarClug iRt iAo aiering & fult R R BOBEE i m 1.
wher ei nmbauilel pdedseiag hteributeddad forwseidg sad Glaéx to8aia inatogeén @htrelen thir paPoss 030

indicativ& of a.faélt condition are nodified to incorporate, as paraneters,
sai d at "PERLE BiTE CaY 8% HIPOBE  said recipe at said run-to-run controller.

12. The nethod of. cl ai 1 erein sald neasured wafer properiies are not
Loed Lot moar T B B bR SR RS Rt he SRRty S0034e
PCT/ USO2damhiOd Accepablt Sool épetifitdnionl lilmar processi ng wafers, said net hod

conprising the steps of: 1) processing said wafers according to a recipe,
whe2@i n5.sai dTeanétinel df akinutleeheadin daglasddifging comprises comparing a predicted output

against an acceptable tool range.

6. The method of claim 1, further comprising terminating said processing upon detection of a fault
condition.
7. The method of claim 1, wherein said at least one setpoint comprises two or more setpoints.

25 8. The method of claim 1, wherein said at least one setpoint comprises at least one of temperature,

pressure, power, processing time, lift position and flow rate of a material.

9. The method of claim 1, wherein said fault condition comprises a tool fault.
10. The method of claim 1, wherein said fault condition comprises a wafer property fault.
11. The method of claim 1, wherein fault detection models used to define a range of conditions

30 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.

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

recipe when a wafer fault is detected.



setpoint for obtaining one or nore target wafer properties; 2) measuring
waf er properties; 5 3) detecting conditions indicative of a fault
condi t i orwoanmossys nodi fyi ng said at | east one setpoint of psaiusoz/evupe
according to said nmeasured wafer properties to maintain said target wafer
properties in the absence of a fault cbhdition. 14. The method of clai m 13,
wher ei nldr ocAduathng fprprecessigvafesy stid mgthed corpprispigdhestsdholi s detected. 15. The
net hod of cl @ m 1gwcabifg Gidwatark Becoldf t0h rd¥RR SWekddd sRECHpSindiddds Ableast one
processing. 10 16, The nmethod of claim 13, wherein said step of nmeasuring
occurs RO fe5oBtiEdNg ong or Mqre targeh WAESE PFOBFTURS: cl ai m 13, wherein faul t
detection nogel s %gqriwg&?r%ngs;r ange of conditions indicative of a
fault condition are nodified to incorporate, as paraneters, said at |east
one et poi nt 3of g eandisiens ingcatixe g&’sfta%lh?@é’rno'ﬂjraﬁéessi ng wafers in a
manuf act uri ngy exegmplir@kl Bk RISt ofcethomy St @I 6 iRPIo shid nitadubbd Welerr UN
controller for controlling a tool according to a recipe received fromsaid
nmanuf acPigpP§THes te ML G gLt PiReties I theabepneefjafanli Gopditiefes at | east one
setpoint for_obtainjng one or pnore target wafer propertjes; a sensor for
measuri My pr SbeBethotpfslaim 13 ythewein preqesii sy tetmainasd %P%@F?‘?dé%‘i“ isdetected;
detector_for_pnonitoring. said wafer, prop?rti es to detect condjtions
i ndi cat 1¥e of hemethed of clasp 13 stharetn; sgid sigR Q! PEIUREREACAYS dUing PESRHIEi ons to said
| east one_set point of said

run-to-run contro]ler;. and wherein said.at
i e e o e ek Rt i Of Bt eo St (14 BUEESE o 1t at ai n

sai d target fer perties, except,when a ult c ition is detected by
said raife UEeeeflRRE Eimeith el Bndelitd SRR kg of RoTs
conpr i Sind@atéveSE B @It chralitionBashdifitd tyhat@popkppettame@rshalidat &astdhe @xpimdbf on of

pr ocessi ng. 20. The system of claim 18, wherein said fault detector
gener at ¥ %“P4ul t detection index fromsaid neasured processing
attribu

jes: And.Jornards ool dl e i g i il LU SANLLol L ol

pur poses® of %ﬁ?‘?@(’lr%oc%%i“%lwgff S BB RIS RS Y™ SFHSYEYRE LR B Ecl ai m
18, erein said run-to-run controller nodifies id at. |eas e set point

30 B compar g e ek Gbh R o ot RePlns S B8l BiulfiRH «fec Tl Pat fon
limt. 22oufddneingygsdcatinncfstah,avharciBsaidnb@pesincludea ptdeastuonetsetpointrfocabtaiming dreror

nodi fi er%o%a}glrdete%vt eIrea})sg .one set point by conparing a predicted output

agai nst an aécep ABI°R 50l range. 23. The system of claim 18, wherein said

run-to-run cosens@lféremcasveingproedsgsg giribotes gichiding pefer pwpdraest i on of a faul t

condition VR3O, ﬁ&%ﬁ@os%{d?&a%%{)o L ie (b detb NS oRHFdnE MR el Fh PudiB:
wherein said at | east one Setpornt CONPIIS6S tWo of nmore setpoints. 25
The2ky s¢aditiof amd farwardifg saidhrendsfions sasad mo-td-masonteiier; gwk poi nt conpri ses at
| east one of tur . , L& I i .t position
and flow rat vevhéor HE‘S?Tgtt](%rstieoar‘]F Qgt[?o%ﬁ"& §aid E&%[s mo%ff@:ﬁ%&%&dﬁ% tb S48 pro!:ésgl}lg

attributes to maintain said target wafer properties, except when a fault condition is detected by said fault

detection system,

19. The systefn of claim 18, further comprising a sensor for measuring wafer properties before

25  execution of processing.

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

30 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.



26. The systemof claim 18, wherein said fault condition conprises a tool
fault. 5 27. The system of claim 18, wherein said fault condition conprises
a waf er pwopsnvgs4s ault. 28. The system of claim 18, whereipaTfimat/219aet ecti on
nodel s used to define a range of conditions indicative of a fault
condition are nodified to incorporate, l&as parameters, said at |east one

set poi ne4.of Thaiystemef Flpien B whereid spid at least engrietp@int qoaiprieas twor mose SR f or
processi ng wafers, said systemconprising: 10 a run-to-run controller for
processehg sdhasypemnef slaige o méipraig stid adlegseriepetpoiptremprises seleat pnecf pe i ncl udes
at | easinfiBusEhRARL phith, jAREAIIAR, P oskion TR otk ARG MAGEL Properties; a

sensor for neasuring fer properties; a fault detector for detecting

condi tiens i i sgyayn\s?cl_gﬁn R, tvlﬂ&kim s R cbRIYionRBRPMREE Rlolfa8RI d run-to-run

controller nodifies said at | east one setpoint of said recipe according to

15 sgi doyaf eqpdfyaB@arok bige 180 wiBkikal Paukbilid Al GRbridah Wafepﬁl‘%?&{ytfhlﬁ§ in the
absence of a fault condition detected by said tault detector. 30. The

system of cCl hdQy2Om oI8INEI N whatkidl thultieletionHbdeR AL H&Tne 283 BlondiBsHsf y sai d
at | east one setpoint of said recipe if a fault conditionis detected. 31.

The systiéispibre of p ultrcomlitianaes medifieddp gearppralsy asparagicss sajthft dsastepoisdoint &5

during phid®REHSLRGd unk@-rdleconkBRersyst em of claim 29, wherein said sensor
nmeasures wafer properties after processing. 33. The system of claim 29,

wher ei n2g.aul iy sgede dr pRResiig Slafersus@bsykemdehpringd range of conditions
indicative of a fault condition are nodified to i ncorporate, as %a,rarreters,
sai P at | east "EHSTRAPEIISE fopProcessing sy wafpia acgording tg ageripe; Wharein sSEGKEPDI | er .
34. A syshedak Rist PRHSTE 0P oM@hE Snd ¢t ndbrd iRl WatiprbRgtieexecut i on system
using a run-to-run 25 c,ontr?IIer with a fault detection system said

syst em conpr f &MY forReAFEIng Yaler poBYSShg, into said run-to-run controller, a
reci pe fO][ C@thtl)ll’tGé_ztkdtdﬂg’oﬁiete@l@lg,coﬂdlﬁérﬁiiﬁﬂi(ﬁﬁi/di)ffal’fﬁﬁtid@ﬁdiiidﬁﬁ!ahﬂjes at |east one
set poi nt for t.ai ni ng one or re target er propertjes; neans for
m)nipt oring ploces §‘?‘?1|§’%8?'“§‘a‘i°8“ @P@%B%W@%@a¥?h%eglr%w&8§%|dﬁacl%?ta€?9f B8 ©s

i nclaidi Bgd wivaif R6pepicd pahdiht@in saib Chrfed Wafer propudiidsiiDihe absdaoatof b Fad chditoal d f aul t
det ectian sg/i&em 3? neans for forwarding said processing attributes to
sai d rufieleEdbysed EAEeF ¥ . and neans for nodifying said at |east one

set poi nt, . of id recipe said run-to-run controller accor.di to said

pr ocessig(hg a Ferﬁy E}ﬁ‘f’é’taf“@a#?a?vﬁ?rgpﬁalgﬁ"éfo'f‘ﬁlrcﬁg?g\}/%ﬁ%ef “Btr%?fgf?ts?‘ggaga&%ngpt when
a faul t setmimdf taidascipesif d ok coelitidays deddcetdf aul t detecti on system WO 03/ 009345
PCT/ US02/ 21942 17 35. The system of claim 34, further conprising neans for
measur i B wafllkrsygeapéclbine29, tyédrein gaid enew nienmnesofafgpipopesiss duging Bcesding syst em
of claim 34, further conprising neans for generating a fault detection

i nd2k f3dm Tl systemabdrie9pwbaes said eensdrimeasnntsesfer prigenresafer procesfimg: war di ng
said index to said run-to-run controller 5 for purposes of nodifying said
set poi n8%.  The system of claim 29, 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.

34, A system for processing wafers in a manufacturing execution system using a run-to-run
25  controller with a fault detection system, said system comprising:
means for 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;
means for monitoring processing of said wafers by measuring processing attributes including
wafer properties and fault conditions identified by said fault detection system;
30 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.



37. The system of claim 34, wherein said neans for nodifying conprises
nmeans for conparing a predicted output against an acceptabl e tool

speci fi cawpap/obg3ms t . 38. The system of claim 34, wherein eardsemans: f or

nodi fyi ng conprises neans for conparing a predicted output against an
acceptabl e tool range. 10 39. The systé&m of claim 34, further conprising
means f3F telhd sysiemefclaial 3, fribercemprigngipenns fol aeasring wafer prapertas befotcondi t i on.
40. The .al m 34, wherein said fault condition conprises a too
faul t. 2§¥a¥ﬁg}@%g%%ﬁ%of claim 34, wherein said fault condition conprises a
waf er pgoper e & auhlof claif?34, iliGerbmbRdhPhednk fr %‘ér%flatmg\@ Bluf dledidH iddeBbACT 1 ON
model s used to aeflne a range of conditions I5 indicative of a fault

condi t i eaid mpasumdpiiopdseing atbibuies BpdhHeaDs &or feryardinzzpadtivdes to sgidiran-gprrup gepdrollgne
set ppi Nf,, Bfrpo gggn&gghggmggﬂﬁﬁhg run-to-run controller. 43. A systemfor
processing waf ers, said system conprising: nmeans for processing said wafers
accor di g t OTRe yQEMRL LM, Ghdteif 34if nleBRiIrREMING Ind AEBpRks MEAS For cOMFarBERPOI Nt
for obtaining one or nore target wafer properfies; %0 means for measuring
waf er ppré@étﬁ? pRut againghan Feepptahirterd] spesHicatidinit-ons i ndicative of a fault
condition; and neans for nodifying said at | east one setpoint of said

reci pe 3&cor Gheysten oselpign e yherpia gaidaras forgpedifyingicemprisss MeAns {o1icAMRAING 2t ar get
waf er pg@m@@@gﬁﬁnggmkhguﬁgﬁﬁmgﬁo@&m%&fauIt condition. 44. The system of
claim 43, wherein processing is termnated if a fault condition is

det gpt egh. 25THSystdh@f aist RNTudthercombRidBmeahd 5 @irMink vyl shidpedcefing @podrodel s
used to define a range of conditions 1ndicative of a fault condition are
nodi fi effeEoR HAdPPbIREE" as paraneters, said at | east one setpoint of said
reci pe at said run-

to-run controller. 46. A conputer p ram enbodi ed on a
conpute?QreaﬂﬁﬁvgeﬂﬁgﬂﬂﬁY¥bwﬂﬁPBé@§QPHQW%HﬁﬁfggBﬁméamﬁ&ﬁ@?acturing
execut i Syst em usi afun-to-run_controller with a fault detection
oyst om *Lar iThoMEB b AEr 4 Birdnrud rltiiesrBrPieny et ST Voadabl o
instructjons _for receiving, jnto_.said run-to-run controller reci pe for
cont rof 1ng Teyrs Shirrn b8 Rl P e P rade e ohfisf e for
obt B8 ni ingicaxive o0 fai kéenditinget modifiddes inpsrpfrate] ds@atamersOided 834 bndEipblboR/ 21942
18 conpugfr.reada IetinstrUEH,ons for nonitoring processing of said wafers
by meastiqigPe HrEeELSPAY S P %But es i ncl uding wafer properties and faul t

conditigys igsg%;f}edﬂggsgakg fauhf%%etection .system conputer readable

. . OF afers, sal €m COMmprisi 2 h
| nstructions H%OI’RBI’ I N sai'd pr essin a'fgtrlbutes to said run-to-run

5 control | er mean torpangrsing said eafdalkcerdinstorauredipeo whertio saidredipt ywichigessaiedstat
| east. ol sgte(t)igtotlap ct)btzggclinfggrlledor I;n%fe{tgr%Bta\%afesr%l{od erties!” to-run control ler according
to said neasured processing attriputes mai'ntai n sai d target wafer
20 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.
44, The system of claim 43, wherein processing is terminated if a fault condition is detected.

25 45, The system of claim 43, 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.

46. A computer program embodied on a computer-readable medium for processing wafers in a
manufacturing execution system using a run-to-run controller with a fault detection system, said
30  computer readable medium comprising:
computer readable instructions for 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;



properties, except when a fault condition is detected by said fault
detection system 47. The conputer-readabl e nedi um of claim46, further
conpri si /goaommser readabl e instructions 10 for neasuri PETEDE21942
properties before execution of processing. 48. The conputer-readabl e nedi um
of claima46, further conprising conputé¥ readable instructions for

gener ati ng acdmapuler regdabdeinstaygtions fesmomteRSPAICESSHE &S sk Watrs by @¥aurpE

attri bUBl%gessiﬂQQtrﬁo%pH&ﬁamF aafiaplosemés%a Fablft bR REndrRE WALA ABI S&ldoh Ndex
to said run-to-run controller tor purposes of nodifying said setpoints. 15
49. Thes¥smput er - r eadabl e medi um of cl ai m 46, wherein said conputer

readabl e i nStyietdr AGatiGhstrulREs Fof £ aRIRIEREI SRR SRR REes LS AHAR-Bo-run
instructions for conparing a predicted output against an acceptable tool
spec? f i eatriotlst; andi t . 50. The conputer-readabl e nmedi um of clai m 46, wherein
sai d conput eg,eadahlifid RKLEst Fk@RsodlrRhg sdPaidayd A s oF SEPreGPORYLET
readabl e i nstructions for conparing a predicted output against an 20
accept abindotgglonie]lggaccoming tarsned menswed RrocesEagiABibaCHIOdnaiHiD Faid faggetvafer

fur ther ,GOImEs! éacg;g WhENTPEL R EorddfRH A efecle 8] SditFtahiPARectibPlysteRf M nating said
processi ng upon detection of a fault condition. 52. ThHe conputer-readabl e
nedi um gf cl @hé@oﬂ@uwwﬁﬁa&lenmﬂmn%ff%%mn@rt:éxgp}is\%ﬁrzf&hblﬁasre@am@mstmcﬁaw t.
25 53. The conput ér-readabl e nmedi um of cl ai m 46, erein said fault

con¥f t i &1 measppg wefsr RIoRgEfes Peforseapraen ofPERFPSINES 4. The conput er - r eadabl e

medi um of claim46, wherein fault detection nodels used to define a_ range
of condf¥i on&hs sompaigt-fegdablsrmediynyefi qlaig dhfirthes romprisingsermpyterdeadabls wetgcHsHat e,

as par arglg@iefating Afadlt dbtectioh ARkbx QOB sHEMRAURE pRicessidh ditrititds RAd dbmSiddr Geadable
run-to-run controller, 30 55. A conputer program enbodi ed on a

conput eFstutensdPdonsedingiaidgpdey o taiapiryrupsprifaller fgnpuposesediying ithabl e
medi um e@pEid. Si ng: conputer readable instructions for processing said

waf ers according to a recipe, wherein said recipe includes at |east one
set ppi ni9.f or TRIMoRiphieNEa@BR MIdiviéfe:ldia ugetheveaf Qid dorpper fehdBle iaGRIBhEfor -
readabl e instructi.ons for nmegsyrjng wafer properties,; 35 conputer readable
i nst r ucTPERENg GPPHEES SEPPHY r?,agﬁtg‘? ?‘thﬁgoqsﬁ?ﬁ CIPFrRg agyedictad aunIt 3e31%iati on:  and
WO 03/ 00Q3dshIAcdl/ shsaidiadddaic. 19 conput er readable instructions for

nodi fying said at | east one setpoint of said recipe according to said
measur eso.waf Ehie qohpper-tea®dletroeditn dftcddin 46 ai e rdidagiiompatekeadable peirudtiess fon t he
absence of..a fault. condi ti%r‘l. ]5.6.t Tpe (;orrguter rea agl e Feﬁl u.mtof claim
55, wheP 8T QPRI SMPUCTIE IR G ITEE T I PRRTIne Aoy WIRH S 8t ect ed.
57. 200heaccepighld wol-rargadabl e medi um of cl ai m 55, wherein fault detection
nodel s used to define a range of conditions indicative of a fault

condi ti Bh ar Ehevodiphiicestadablei nedompaiciie 46, dertlpacanmeisag sompagdradeadible 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.

25 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.

30 S5, A computer program embodied on a computer-readable medium for processing wafers, said
computer-readable medium comprising:
computer readable instructions for processing said wafers according to a recipe, wherein said
recipe includes at least one setpoint for obtaining one or more target wafer properties;
computer readable instructions for measuring wafer properties;

35 computer readable instructions for detecting conditions indicative of a fault condition; and



| east one setpoint of said recipe. 58. A nethod for processing itens in a
manuf acturi ng execution systemusing a run-to-run 10 controller with a
fault detwotisoe3system said nethod conprising the steps eCI/ukp2e®eEi vi ng,
into said run-to-run controller, a recipe for controlling a tool, wherein
said recipe includes at |east one setp ‘gl nt for obtaining one or nore
target item poBRIStGadable imytragiens forrmadifyine sridatdsasiong petpnt @l pAidEIPHICHEHEUr i ng
pr ocess kg \gidahdabrRib &8 ﬂrsﬁhu;gl toVHaihthi® Bhid R QP AL} %ﬁpe?t'ﬂg if b hibse@eh FuRNS
identified by said fault detection system 15 forwardi ng said processing
attri but@sittod. sai d run-to-run controller; and 4) nodi fying said at | east
one setpoint of said recipe at said. run- to run controller according to

sai d meadur edhprERBEE A URRIedAIT oo rEIeFriRACes HRass teamigated fadaglt

propsrt L&tlitioB XCRRkewhen a fault condition is detected by said fault
detection system 59. The method of claimb58, further conprising measuring

i tem prepert w%c&qu £a@abRGHEIER 0flaim 36, xﬂfe@&@ﬁlﬁlt Bétecti®R mod1SusBiREnOf cl aim
58, further n@rl si.ng generating a fault detection index from said
5

measur effNg§ %@ fiefy ingiat yanl £ 4@t CRptiaGrRPUIiF o SPEPOTf RSP ekET frid at

run-t o- [ddl os®@Rtgodth behidfedippur poses of nodifying said at |east one
setpoint. 61. The nethod of claim58, further conprising termnating said

processkgg UlAQﬁetﬂﬁﬁfSlCﬂri)&Elsn%flteﬁls lrzémﬁrallﬂdctunﬁg)adbﬁdoa@yste@.zusﬂgmmmd of claim
58, &nerel n sal‘()i_l ast one setPoi t .conpri seﬁ )r nore setpoints.

63. 1 ey %P‘B Lesiestionyysteramald msthod cRRmPRYE ¢ eo?ﬁﬂsl ing the steps of: 1)
processing s@ d i tEBingGROk#d AG-tb-Purrcon@slieR @ recifedordontrdiRhgh 161G wpdeih B4d udes

at least one . se int for obtaiping one or nore target i.tem properties; 30
) reasERRGCIEETH B gar ety T3 PbeCrs gt ket FShBSPICat L ve of o aul

condi g ion; tamol 4) nmebri‘ngipﬂgessla'gdf@td de&@sy niadﬂ;terl@[ﬁrﬂ@tbs”iﬁg z@tfrlbﬁtgd 1?c1ﬁcﬁﬁ%iﬁ@rtl
accor |n Q sal asu i.es O mal Ntal n sal ar ge Item
propertP BETHIgS at“ﬂga ggg‘@r%o@s @Fntgj'pfiggfar'cpg‘ ha7eqighsYSEE> The nethod of claim 63,
whet®i n processi Nprivardingkaid pateding ittrﬁuﬁeﬁwkhld@lﬁﬂﬁlrﬁn Qﬁhtrblﬂierdﬁﬁect ed. WO

03/ 009345 P US02/ 21942 .20 . 65. A s f t
manuf act urin eer’ﬁ%%d’ﬁg B 5ﬁ§t°geasle %trtné Q%Cb‘%ﬁ? 'rt]g“%“:g?r}goufﬁ run

cont r ol hebrdingrto s‘aamméashded p@c@smgmtnbaecmrmhmgn baid &rg’eEﬂ:ﬂn}D@rop&ﬁ@l axeept fiwherm sai d
manuf ac exec 0 rein said recipe includes at |east one
set poi n% F '%851"6\? ﬁggﬁga'%gnﬂt%mg‘o‘f FG& item pr operties; 5 a sensor for
r’reasurl 9 pr Qﬁeerigthocp alm B?lfur& I nClI‘lul(rj]lgg'lg SluFlem eerrttiés efore X.E‘«Cal'l 1|Oltl Ofdet ector
for monftoring Sard T EM propert FEeTp pee con i ons I naicatrve of a
fau?Q poodgsibg.on and forwardi ng sai d condi t| ons to said run-to-run

controller; and wherein said at | east one setpoint of said recipe is
nmodi f i ed0.accBhahnethod af clan A8, furtheegwipniging 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

25 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;

30 2) measuring item properties;
3) detecting conditions indicative of a fault condition; 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 fault condition.

64. The method of claim 63, wherein processing is terminated if a fault condition is detected.



attributes to maintain said target item properties, except when a fault
condition is detected by said fault 10 detection system 66. The system of
cl ai m 65, wbhuwsbbwesas conpri sing a sensor for measuring item pcapsor/ems2 bef ore
execution of processing. 67. The system of claim65, wherein said fault
detector generates a fault detection i Hiex fromsaid nmeasured processing
attribubes, Artuisten fRRFYSSSHAIEMS MPaRntGCyRRIEXETNHOR BYstetin SAbIYSieH|cPBPTifiRg:
purposes of , 5 (IR dokirl@r AR lcChiRlink 8l aRBRIing®S PRIHE recbifed fFilFsay St €m of
claim 65, wherein said run-to-run controller term nates processing upon

det ect i SNERctying grgeptinFNBET Wiereisgid e igglydes @ lpgst enegpippigefor givaniag pnetsi d at
| east ofpSELRAMNRAprGRARE S€S two or nore setpoints. 70. A systemfor
processing 1 tens, said systemconprising: 20 a run-to-run controller for
processi ng sabasqrienicagiing PHiceging attrdbuies Hichding @ petpartissii d r eci pe i ncl udes
at | east one, a@kRALAS thiOhorBlAY Aid eniEpeRics MPdetect An@iBbnd ihRERHRE SRELME €S; @
sensor for measuring itemproperties; a fault detector for detecting

condi t i &tnslition gndlaryajdingtaidconditipns te sithiup ity caMePlgfiérdi n sai d run-to-run
control I er mpgifih8sd gakAr &He sbif@lof ON@resipt RAhJUificAlac &Aifk &%a?&c&@iﬁgr ding to
25 said itemproperties to maintain said target itemproperties in the

absenc e aigibuges fofpaintaip spid farged Herp atopertiesgexcer whah ofaply gprditipadsdetesied by said fault

10 detection system.
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

15  modifying said at least one setpoint.

68. The system of claim 65, wherein said run-to-run controller terminates processing upon

detection of a fault condition.

69. The system of claim 65, wherein said at least one setpoint comprises two or more setpoints.
70. A system for processing items, said system comprising:
20 a run-to-run controller for processing said items according to a recipe, wherein said recipe

includes at least one setpoint for obtaining one or more target item properties;
a sensor for measuring item properties;
a fault detector for detecting conditions indicative of a fault condition; and
wherein said run-to-run controller modifies said at least one setpoint of said recipe according to
25  said item properties to maintain said target item properties in the absence of a fault condition detected

by said fault detector.



