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During the fabrication process, various events may take place that affect the performance of the

devices being fabricated. That is, variations in the fabrication process steps result in device performance
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action associated with the processing of the workpiece in the process tool is instantiated. The first processing
agent is interfaced with the controller agent to receive the control action. The first processing agent is
interfaced with the process tool to configure the operating recipe based on the control action.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention may be understood by reference to the following description taken in conjunction with

the accompanying drawings, in which like reference numerals identify like elements, and in which:
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context of the illustrated embodiments.
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the sGPORaFMapagngetegtian iﬁteft‘ H%E%?ﬁaatch AY H%W@S‘W&erredé%wsw&ﬁ’p‘a% i ng
devi cef UbthtinvibwdBSresiddd ok heeait bﬂ:mﬁlﬁwh@dvem:odl ment, a soft vvar e agent 265

residing t Gl brug'l tt(r' E urg % \g%‘?ne%ll éd all}lo\;eet{x E) t h(c:!ev?cgsf ltl ay also%ggatrtsof 265 may
reS|de|ntepoces F b |npaceso lf e
a larger computing system 125 by a connection over the commumcatlons links 120. Exemplary computing

systems in such an implementation would include local area networks (“LANs”), wide area networks
(“WANs”), system area networks (“SANS”), intranets, or even the Internet. The computing system 125 employs
a networked client/server architecture, but alternative embodiments may employ a peer-to-peer architecture.
Thus, in some alternative embodiments, the computing devices 110 may communicate directly with one
another., The communications links 120 may be wireless, coaxial cable, optical fiber, or twisted wire pair links.

The computing system 125, in embodiments employing one, and the communications links 120 are
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conputing devices 110. The situs of the software agent 265 is not materi al
to the practice of the invention. Note also that, since the situs of the
sof t war e WQ®BN&a)7265 is not nmaterial, some conputing devi cesTAKO2/smy have
mul tiple software agents 265 residing thereon while other conputing devices

110 may , hot have An utd o VES)
270, § cmentatl @‘rﬁl‘:’/&’i\?ﬁh\ﬁ 8? ¥'9€%ﬁ& ﬁg @%&gﬁ%rﬂéﬁ# 0%‘%& ?hel\ﬁgmi % |ew CA,
resi dé¥ oay amplopasy swigkle computicapeps d’é‘%f?%?’ek‘PI’G to be @F,nF g TIPSy Goprdti gur e

1, asta,solmdtge@@blabe/@,)the corrputl ng devices 110 nmay al so be part of a

| ar ger CO gg?%?j{ %ure ndb%(élﬁeg € so(%t Qaﬁentsel%? coﬁec?ve yi arglrt{l:\ga)b%% Qn%rl I nks

120. Exenp in Such enen i ncl ude

| ocal e@plealy n@@hmhkgsthé lq_sAN@ O)f wafgisdlié5 graigh ﬁ’étfvadtlsn POteFANEACh proggysstoelmh1ar ea

net V\DFelﬁx%se(lts S6NSresburcd ﬂnﬁtrnﬁp %& §np1@ed RVER phb&e! mreﬂsaﬁée thel BHBceGQHHP Uisi g b8 Y St em
125 e% i{ a networked client/server ar ture, it:’Pé’al tﬁr nat i ye
enbodfRERIY Relysip FBYaf HRePotY ‘f{é‘zfrwaéﬁfs 30 et ey gnpl. of oot g

al t er wafeis V3. @njabdirorent®] 1165 @y bmmblogbgoqiewmamﬁlﬂhm;fommmanm pardi rect |y
Wi th gflt%e @&Q{W i)OTH{ﬁusCfﬂgWaféaa%éngrﬁS !aﬂe @zlﬁx%blg-gpas %Q%IMIWAf(?é&rceQ%X' al

cabl e, fica or twmsted wire pair_ |inks. he conputing system
125, F‘f‘i’seéFFﬁbHP“r‘?iéH‘té of @Frb’l‘solﬁp ﬁ@w%fﬁ%‘35aarﬁlﬁ°af‘?¥eth%ﬁ??ﬁiﬁi’ﬁ TERSESPUHLY e RRS S WBlSar e -4
WD 034 Qﬁ&ﬁ?@go{?ﬁ'ﬁé W02 HBARD0s for thipdlledaBaitofithb Mesep@e fof bubsequed: pryssileofiie@ti ded i n
any S%th & enner known to the art. The conputing system 125 may enpl oy
any sui tabf 6" comuni cat i ons protocol known to the art, 9 Transm ssi on
Control  Pitothedibtyaed cmpeimentthst sofwsie feentRys| a0 yelf-cpufieating Mgt eisngur e 1
a][l](j i b @are) ,a?]ct Mu@Qf'lthh@é’cfﬁc%ﬂﬁfoSwggEm?C@{oh@ﬁ‘duhlyglltjétehbaﬁaﬁloﬁeﬁﬂﬁiaﬁd bihe for
efficient shephe ots Q rs 135 ro (ication
proced °§&W Ea@ﬁ"tp?%céessa ‘?sgl?a%ff T éh 5t eSen rge"scgﬁraélgerses%lﬁ ree b fz??%re

enpl oyreenfepied ashabipcty iy gpowisst drignted megragmes, (“OARY) pryermsst bedhe lmvrssthlmgay the a

r abri Qﬁﬁlénﬂ%ﬂte& e tééﬁlﬁ&lle; @atfa@b{ol &ﬁtzﬁ)rl@&éﬁe TRGF Eeth/ﬂ)r @frelbtiely Wﬁcﬁ)@ lasd id &Bipt dr- €. ,
ayer, patt

r t treat t roc tooI
LT ayR RS R BBy et bashiSE 5o o s R atiBimeah g AT oue
par t s achiging hee prpdefives Bvefl | ab\wudl@0 . makmigng mheing oftilivatirre aad epltedulRE Sppprtenigiapabl e

of as ?ﬁSéﬁh@gna%te%ﬂdE al, 'erMerQice S%Mbﬁ§§/esf @E softa b %%%tlntgfa%\ﬁﬁﬁﬂe%ﬁm t he
| ot's of wafers 135 allocating the resources represente b%/fk‘ﬁi e process

t ool s andErsintegrieh Wlght X itn2 R oRnRET RERBEPVRRTY: obs WilhB° BPIOERMET<Y ' hose
r esoutizes hbvig tballEsetunts dpclonessé mgnafin thieh thotinterf80and fintegadier @36l ben t he

Ut AR RS na 1502 R S AOG0S 1020805 iRk U1 g O

I nt el te-awarée, and i nbued wth’ speci ?o_alsfor
whi ch t hey Aét)‘t“bh‘b‘ﬁ‘ﬁlﬁé‘ﬂ/f“ﬁ'i*ﬁ priaw dherafuar fews 26 A B W%a"zeﬁh%‘ et tilfRFe agent s
265 aneeldl o2 1@l if byet@pest é Nehede thiehBftwareeabtits 60 MaprtenCdratig@ser” ofaEprsdder iar e

agent ﬁe%ﬁo%ess i & 1o oree%%aff%g%e&altﬁ%sfﬁwam Y zgmegﬁemoarcbﬁn%&@r P QAT Ng

(" ooP nVI ronnen I 'nvention rra using techni ques
t hat determined bt} &et ofcepiite fitrepeesemtie fhe otseavicess f1pw 19Gs Fgp PRPBPI a§Pfﬁ'ﬁF"eag§ﬁd is
SCIi PheSrhay régds@Sa b;am@fwa%aelmrww ‘RF aghr¥ )d@ﬁdcgdaeﬁh 16 (z&QBf‘xﬁz\éEméSzngnﬁ’thﬁd goal s
such as achi GVL{]% an. assi g ?'g fgvarea en’is%’65 ma znsos ec gegb gc 10&' ne | evel

of quaTCETY KT Li"Rg " TREERT fe ﬁts? (74T on, > and” scheduf unt stic

pr ev e mthanfiencticitiret sefveancagent Pef fetforink @rtearreesess flow.hEns exaalb]ewﬁwsageltt %5 %1’0? war e
agent SodBmed t'atpgxrf(fnﬂ(ﬁ%ax\l%lhﬁ filnBion Wﬁ)uzz&essaﬁme;ﬁé’s%nhgﬁ %ﬁcﬂta?gxtlw b dekipiexi sting

factory control syste t hose k|IIed
e sel Tt 7 o B P 2 Gl e e SRS e SPRTG ch ¢ hi s
i nt er iac® dmdfeisniggocatstdoma proessrtenl Wis| [Thdxetions wken dpthatatrplEnagsp ey dapend on
depenglfithe UReRkeliEs dr R M i San@bhe LiRRcERs 37 Re ABLsstebl 1 fsARB61E AL Rly bEY St €NB.

invoked by either a lot agent or a machine agent, depending on the particular implementation. In the illustrated

embodiment, the controller agent remains associated with a particular process tool 115 throughout its life cycle,

however, other arrangements may also be used. Other functions that may be performed by software agents 265

include scheduling.

In one embodiment discussed more fully below, for instance, there are scheduling agents, processing

agents, and controller agents. Note that the software agents 265 need not necessarily exist in a one-to-one
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As will be explained further below the software agents 265 can be

speci alized on several different Ilevels. One level is by "type," i.e.,
whet her twe osoéd7mmar e agents 265 represent a "consuner" or paT/Usppsdssier” in
the process fl ow 100 More particularly, whether the software agents 265
represent a, consi v i p ity it
repr esentspondencethe n(l)a\r/ué Igcélllrlng rxg%nlle grgllh?s ?uch% eh&" ga ??ogesp%of r‘l(i"S e}{: q?s%\z;\%%egt agent
265 nﬁymmle@rl@@eqqteacarepmen%w ofrouRaf @ftgaq%nt{ j65¢For natanqemlotdg%@fta Pyocesgtoflr ocess
t ool ]Llﬁmﬁ)l ha®e botifla scH&inngh@en@-gﬁer prdcess@E a@nt A emesikr @ﬁtﬁﬁdyiﬂe adsboidted,witl a

fLﬁi? :fl)%rﬁglla?' %cessn lll-rv?hr:]:lg? r?l? Wa:’ lgerc]i%?expeto§th Processm\é a%en?s?z ez egclxa?edf/vztggle R)YBO

pr ocewsthf broggss thad i 1 59X Aripéreangemens ddcilites ehe depiantof pBaliaedobisets themlﬁlblgqnpmuze@o
perfOrbgnaamnagutpbmlsaglew&%ﬂdemalmftnmmcnaﬁwssarI ly representing a particular
entity. For exa ent 265 may be COfI@ Ejecttodtermne

control act? &H%g%m“@r emg"d‘“&eﬁht fq Pr%aaég‘ﬁt % #ormBlepaEe el 1°88"**£30 of
waf er prog@bmpgoecdsiges |lIn the perodelogy bhobject-driented kemputibg, on softvakeeagdny’ & he
contr glybBioRISMbe JHR%. ARRANE QM ofRhibhs! J@ft&m@a&ﬁ@ R 'c&t aa&sm&genhéa@aclusht in éBO and

the characteristics of the process tool . controller a(f:;ent may

i nvok EUPBF tejocH Epndiionsoperehyereraie %ﬁiam%rfme@ l&a@rﬂr The PHFETIY NG %‘rP“tSHl!f an

part i agdnBdnhinogal spoeenihat detiies, chifighie€ ahd depbys atorémoue Ao foftwirt egeawnthatol | er
agent mlc{ma %w%%%%'f@h E&hg‘otfhreﬁ \Po%”!a%ﬁ& #a Qmﬁr?dﬁé% IQanLfa%Jr%é)Eﬁt yghqut its

life owever arr angenent e use unctl ons
t hat rfwryb\eorlgfesf ms?rwbmuwestoﬁrmfwee“a&mslgﬂez65the ]! trgeenize el PeeRPr othei one
enbodisernte djes CassRde HRIBmbYsdiivalabpms. As@edihérsihamaam bjer ammbeama@mdul ing

agent progcessi n ent nd cont.r IIer ent:s t.hat %@ tvvare
agent 3‘”’5 1%\"‘éea" bﬁ%tthaﬁ'g%yeglsar?l 7orERered op‘fﬂh a o%e otsoggnversgy\%

PCT/ US0 ¥ilBz®5erognize thatthpiyndierrdity qﬁplaerpbnﬁmw ae tanbinpdywithoetesr ﬁmetmqhtmeét is ts uc h as

lots 1,3 Qnde@te&&% ﬁmét@mnsesﬂd&%mbeememg BRScRed withRpirate BIHERInYy 88¢drbin&SinB e each
represe ftvvare agents 265. For instance, a lot 130 or a

proce °tt‘°8 ityglsﬁ‘%tg%’ﬁtj”ﬁé{‘&l@ 8¥h a schedul i ng agent and a processing agent.
A control | derttegers i peicdgsatodined, thé sditvare agentst 260 LHrafcoplignebled tnotbls 115

and ey iMyQkRa:, b% QAgarefs énnearp&%gﬁ%l@gthag@nhsdléymgescmptsaso%emn?taég wi th
the 1ot 130 or the process F Thi s arr?%hgerrent acilitates the

desi gReBYiosss &99‘&1‘%2 é‘lff”%'lﬂ‘f‘é’ét Qf‘ﬁ%{tk“‘&’i AF B adp et AR amE e R QAT OE S s uppor t
a Si nglesofasipeagentsahat ghoviag fexidiliny dny/of e fuoingl Kok Ynstarlcy, sbrhé go;pam dpextifly aurves

embodi, I . i &l Heis JPhisent ed
m‘[‘%\hde sggeg%&%wa I\Iﬁ)r@&ﬁﬁhlﬁ 1y2 R pRIcGsihd Tl SHEGHifCacHSHs BBn® BlpGGk Qhd

progra ues he t'érm nol ogy of object-oriented conputing, a
sof t wabpare arg@ﬁﬁ such abﬁna‘&ﬂ‘?ﬁ‘ﬁ% GEents Gupq GXECULts) of @tscrintsepant (i ong artigjflar
oper atlmpmﬁmtaaonsmé icnps Be RpRAlent2Ob JIB&on, ai k@n bdude penpegthmaiag labduadeprovidBgponse

to |ogal dll%(c)tQQ%ltjz{vgmgerfacehﬁ?cﬁé@ﬂalgﬁ% t?o%'le&ﬁ%g%‘g%ﬂgdaﬁofsj n?ttl(ﬁlg%rp?g?awe%(ler mIhe

present | Nve resents an agent ste nes
conf i gueres at <aiRy/"aepPOls ot ononous and nobi | e software agents" that mnic

and i nproveoh sonfldm 61t th Mgl ﬂbfscrlpﬁ(ﬁla herdi® bk donsa;g@lmp §re§eﬁteam5taﬂiis osfm @Bﬂ%@r
manuf acturl uch a

o7 oceaghenBY eteBhin iR p o Bt Pty B ont By it B P LSRR o
ot her comptipgvysten oty covputig@devicn cThmeieamélonﬁranwplesestetf@MP the gigjne eged by these used

her ei By mt t»etotrﬁasmffe&buﬁeanveyvmé Jubslaﬁcetmﬁrr shad omérpsklaﬁd & 804 Wk Froeéasi &gt that
may, in turn, be conposed of E @ qftvvare OB#I qlonverse lyl %

ski | | @ReT3tin riquire glpypic "I“’I"‘P&‘F‘%"BS PERBGHIT A HS &' d‘?ﬂ‘f% BUAEFEG S " e

obj ectquantiyes beke centoirmend] eletttitnl, ohdgeeticf omaticabnghdlsd tapable bf béig $teed, ensteneker st ood
t hat chlHlﬁltle'doéaﬁl re‘tdI ﬁ:ﬁ oﬁlﬁr@%g %n%ﬂ.l]a@e% ﬂ%hmomé)g%féﬁt%gmm@st;l?m(?i&aﬂ?fo@fe@soﬁ’smf ects

my be corrbl ne unctional it assocl at ed @ﬁg e ob ] ect.
Furt héprﬁ%%usaaerfomﬁﬁréo et FiRRatf| 28 Pitse FAHGH i RBFNS, SyMbals ChF1olfssy ErmfgRbers 2ete ar e
"confilgarable.” In this

It should be borne in mind, however, that all of these and similar terms are to be associated with the
appropriate physical quantities and are merely convenient labels applied to these quantifies. Unless specifically
stated or otherwise as may be apparent, throughout the present disclosure, these descriptions refer to the action

and processes of an electronic device, that manipulates and transforms data represented as physical (electronic,
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particul ar enbodi nent, the software agents are configurable either by

nodi fyi ng scripts governing their behavior or nodifying "control knobs."
Control kwols/ner7e ext ernal |y confi gurabl e paranmeters or propars/essof the
software agents that provide flexibility and/or systemtuning. For

| nst anceﬂetls%nc?tlgéo nti 1es(:(‘zvslthl"r51Fs)c(;"rr(;ele]c trc%ucrdvese,ssopaat n u(!tlga(rad%y 1 1a (rjeer%sliegtle ns Mor e
parti &IFEFT Y Pt He qg?ocesm AT RS TR ST B (A RS e s6Ptwar e agent s

265 arpbyssequppltl@d wathyig Ithetstozage, @emttrallsnnsmp‘r @dléplﬁm@dw@v@mr@lmefs@ terwederptingn of a

Scr I ptsueﬁ%gi@&nﬁmn L@, PiDButNRiddich Uth@fermsi“Plab QMR Bdnipathe, t0cuRERd, PldSterirthe,”

e hon, an open source Java programm ng | anguage providing
a b| g&?piaéf‘?oﬂ}glmej'%?/a interface. Additional information, including a

downl oad ofNoZRist hhetthe aftearaingildmaibdaspegie pf thdhigventiont agy tmgitallatncoded on some form
<ht t p:of {0 Isib QR & idplerOii® oroarsw@ée Kirab s hRdihiRd Tﬁeep%s%franp;ts,r%s

herein are consequently presented in térns of a software enment ed

pr oceS¥IPRFBY b3 Py Fﬁfomﬂeppryéﬁl* gradprd driveyproptispl <6§)earf£tnmfﬁ@5kd?fd Q2lY BepiTY-s

Wi t hi pPr SCOMROMI)y anidMafl be Ladpillt srngrday sdoesm Similalychenpubnistpndediupenay bhegsed

descri S Iy i - " i art to

nost %ggl{-ll ve ;ﬂ/ cé@%vg&gpﬁe; 'S 88&?&2{%}%&1{}%] %F}?lss\&/\‘%q%d{aﬁl %‘t i?’sthés I Jr\hed in

t he arﬂtvent%énﬂﬂ%%dsbs‘/ “&PFCPSPeﬁtﬁéfraa!( 89 RRlERFPREONphy si cal  mani pul ations of

physi cal quaa;srb&esseﬁsw 105 He YmpldnttBe@lhdérah ADQERS Brddsd Gontrdl EIRD frafiehdiK iahi es

tsfllé)reefjr}% a::];nfo(r)nrprlseeagcdgs[nb Asoftga s%sgem of i grcha%ab(fef stancfax%gzg %&ﬁ%% &pnlap%neoI Ptel Egs

pr OV e meradineapri-temn cgptrof jngdaylt qulwécilq@aﬁqatyonfﬂdhe presassdlny 30 Thenmtms vensiepe,

I’ ef er s&fgvaléehz@eﬁl% 285 S eH oBe?atQh tsSayerd@brir8iSof 1R AR tSw tosa)flﬂtl@ la Siearl§ RABREBKS ,
shoul d be borne in mnd, however, that all

I
of thé’Beéat'é{%Efméw'i’ﬂoft%rI}Lr“éi?’"r?’éprﬁ?e@sf{("ov be associated with the appropriate
physi cal qUanséftvagscompeherts ef e rAdICySystomvimplereat ah afshitestugbpdndad besed phdse

quant Istal@amucum |E§l§1§ne§p§£ MategaL inxémaﬁanat(es@wr c%pﬁér%tgg@a@awmm%g appanent
t hroughout the present discl osure, escr refer to the actlon

and proeeyYE §°“&ﬂ“a’§ Sysmdeehrolgies g &k Q‘,jéa"“’tdrféctcesﬁﬁﬂ‘?‘iﬁ’h?éf)%g PR ¢f aHef ¥ ns dat a
repr eSEAMIES1-8699p Broviisicmhl Speifeaton émiCoV Fram&v D QBAr0AONZSuiR)Ghd WB0 YE’U 85D
mag ”etob&; pgglsfapgi lsgeakzangmpém t@ﬁemﬁmv&cmes 'c‘SErFo'i em,fan&s\gﬁeelﬁcaﬁo@ targr age

into other data siml/lar represent ed ysical quantities wth
ST or agibliclreviinbe FomSHHb ST B 8IeSeiy Sl CP SEXEHpR PR B
denot | Augtin, B)ummpld;escnz poi2arR, k65,12 wmzm,utmelmemdnrasrsimnp /M. s brigs.

"processin é)ar??m%%%ql?&mre reﬁe%lh% V\gtoh Qgﬂwa ﬂﬁ‘&ﬁ%g&@& %Qemed pr&lra%mlr?gyénrag’ and

the |ike. so that the s relrrp enent aspect i nvention
are typrlel tll'e;pb@ﬁ@\s@é%rmeﬁ Gaepme (TGN Cmmqﬂr%gfﬁtd%?ﬂ@ft&r%@rﬁ%m% GPRBAY)
I npl enBNTORBA\SRic&sOdperifickidas e diskiBitedTdt5edi 3 5er e dinfofhatidi enddpegicahsiopage

medi u i sk or a hard drive) or optical
(e.g. %hﬂ@é%ﬁn%%%rf Sur&are glsodgadil)( ﬁubhclﬁg\g}fab% or "CD ROM'), and may be read only

or random aacasmplanSiofiivirgpistym caakle pirhging adagted tomenfas ithgrfunstigps biethe ARGSTystedm wi r e
pai I's a5 GRAMESherdiPB iR, CaBRkd G EdnldRFciallP QAN KEATBIcEH Uint. ARL £ TEdcaNSFIbE ST ON

The
T S ol e Sin e S Bk 0. HerTob P o BB e o
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process
An exemplary process tool 115 is represented by a machine scheduling agent 330 and a machine processing

agent 340. The lot scheduling agent 310 negotiates with various entities in the process flow 300, such as the
machine scheduling agent 330 to secure the resources needed for completion of the lot. For example, lot
scheduling agent 310 and the machine scheduling agent 330 may use a “contract net negotiation protocol”

approach to schedule an appointment for the lot 130 with the process tool 115.



The software conponents of the APC System i nplenent an architectural
standard based on the Sem conductor Equi pnent and Materials International
("SEM ") wompruery | nt egrated Manufacturing ("CIM) Fr anemrrklsoumssd ant
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NOW t QetfohOtMeR bydthe aonﬁd'»llm{g'brftizax:larbﬂn@célﬁerddt@]gfpamcoflroﬁaiar@m@ kerotess BBIOds RNt of a
proce

| qw, 300 | ted usin sof re agents 265 in_accordance with
Bnot haMICblte FEeI DR nE0 sraaERt PRt B Pepyau et REERA g y | o
130 i deatueqer bislkenassed 1y featuregt and crinesliit Iaimgshageme r@iBedatechckicVeot ppr@IRSBIgRlg agent

320. tmn&mmkaarsywmeqﬁeeps&e;s%l 115 3% ktSh mpn&%@mmgmw@ nﬂ?ﬁxb&en@e &&hgdul i ng
The | ot schedulin agent 310

agent 330 and machi ne processi ng a%g) %‘

negot PR ¢ e\?é{’ﬁ%‘iﬂ%‘ E?w'f‘ﬁs‘idl"égre It T BEBERIP S RSO eS U L cqEofife
machi negensth edy hse a gonaglarvidel 380 processaalit 16 14 dreerrtesurdcts. Tehedetb! model manpl et i on
of 1 h%eJeﬁ,ged eﬁfarmﬁg%ﬁpg EomnloRy kn G4 ok ACh-1REH Mohrmighls. 3 cbddr m@mpyeoe a

schedul |nq agent usé a "contract net negotiation_ protocol
t

appr o&dHY Ay b&ﬁd:fws%h(ﬁ% S PRtk Wrightediayeragh ¢n) PHEMYE SV t ool
115. -n%dM\ﬁuQBdsQﬁ@l}aFhetﬁﬁfklrhdxﬁﬂZﬁrﬁldiﬁﬁ(domﬁBh@t hratysip(POAE si8del) Gr agﬂﬁttxo32xﬂlaﬁrnd/ or

nmachi N REQ B 'n{BQen Q?Qtspegiﬁp rﬁ%epﬁtldnmﬁ%qgodwm% Va deh&tdmé%g tﬂesr%(%jglﬁl ived at

t he process t ool rocessi n[g | ot pr g agent
machi fREMBTE ceidn gU%@eﬁF Csfmsl mogrlel§ genarolgr taﬁnh%ooww giiereine HPEHNG IFet o
det er FhrafetGtC QIS HakcY timeHds0a pavet, ltdm&atmrpr@mﬂa‘ ke@&ld’nt B critent@ias, ki B gdliRCI pe

of the C tool .115 .t 0 the | o Either. | ot ssi ng agent
320 o rpos? Ig'toh t% Erﬁss varlatlons Ot‘islesrlcﬁr{tr%f: s% narlos ar§ 2&951 le llnciglt{lleé 8es oﬁ%rocess t? rlsgll(f er agent

350. In on@“éﬁ*ﬁ)eoﬁo nltatlont ?fethF wmmll@c@s@uﬁg (a@ewheHBQos iy l@mateﬁ)helobal

cont r def@ﬁra@gamabﬁﬁﬂe Qs'iih@d foegsarbsi kR GordttdBer GEAL BO! &1 ih8 tiusifte@ bmbdafhehOthest 30
el ectrica etc.). that

o Soisbr FEbar s et Pabit BB g reBibr bR PR S RE AR 8k draci ne
pr oc eseipagttinggbritsto@SQ dafayt resas or datcmmag@pss ibrigg implentgt ook ool Mfhanfe. g.

i dl e tohiiBe vaibti®B. Shikxevariaii vatleSaEhOGoonkd treald G oally @)‘hﬁst))f \T'aQJest #afevaﬁswsr ol l'er
agent 360. In an_alterpative enbodinent, data regarding the characteristics

of t haihgs toqlagentitegipn GPepPIBEE: ‘EPSré‘iw"ﬂ‘Bbeﬁéﬂ}d 9(9ef°‘§‘t dr é‘H““PPr By Rt PPl ed dat a
st or e va@bles avhdsosivet vamy Paempeciadsdedn byailtlheforcmhi fotifitadsns, valyestor tid6buts, e dat a

store 300 MBYmbE 099{} ik 91%,%&’ mt aPlotSEo Jlé?areﬁ % . c%i‘ljcf;hotaﬁe\ln&g qunfglj;ngﬁoqrtﬁ)aq; fes and
post - process e/ a, st ates, priorit , etc.
controller agent 350 may use (feed forward 1nformat10n) and so forth.

The controller agent 350 may use the values for lot number and quantity of wafers, as set in the global
configuration variables and determine values for lot number, family name, parent name, facility, number of
wafers, and status (i.e., whether lot is a parent or a child lot). The previously defined context and RMS
information may be used to set the values that the controller agent 350 uses to calculate control moves. For

example, the controller agent 350 may use the context information (or “thread” designation) to set the value of a
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The operation of the controller agent 350 is now described in greater
detail. The particular control actions taken by the controller agent 350
are i npl ewensasi’on specific. For exanple, if the process PowiUusiASI8ss a CWVP
tool, the controller agent 350 nay receive pre-polish thickness

gﬁgs u::cgn de‘ para%m’eh}cwré: x%glqeﬁle vad ue dh f rgc(ijmt ) acf}gpggﬁc eg(pmlF}) k no%ﬁﬁ)le settﬁlg 315 Iya]:llz at ures)
thic k rf@fs%ch ratfnuspch@ accawl Whdet @cqrﬁeg ﬁsrﬂme@@“ pighs pagtipglay %chahﬁn@t:r@hd w@mlue forhe

cont r Qha &kh AGEYREs ddQatiRMefRaRIRMdIe et ching performance of the process tool
115 based qn t-etch thi asurenent s

control | er 5‘8% g%‘i?"tﬁpgler ﬁ%"égg)os ont tf'%ve feed eerarﬁ ?negﬁ%gyd?f?)@étéoé' ﬁEOB‘oP s o
gener atoee 360 ssipg @glient byder. nufﬁh@ agblayer mmemitbe kontraljer bgent e wel dpddelarpisin @al | y

usi ng acr@mtam yss&m@mlthhgeérnotqad o0 défm%ﬁestfmmafngms ﬁ%hs(aﬁaggtureceirge@mel may
be a rel atIVEé | e equati on ar, exponentij al,

wei ght?@FVae ey maétbf: uged B’rse%fhen’(ﬂ“é E‘t‘)ﬁﬁ?“&(‘“eaﬁ’é“g‘&f‘t “65‘15?:?? P&"st ofth ﬁ@iﬁ‘rfa'lwaf?et wor k
nodel , infpuniatiani ysad byctberponelet agamalsg.s Ogher( REOAYs fop sating e vaiue pf ojsend fe@infoiward at ent
St r UCTih i Bl IFRYR « ael, ARG bisoodBbABENL @l on of the model may vary

depending on th technr que sel ected. Usi ng; t he control nodel, the
control | er &g é(ﬁfml@seﬁelﬁé ﬁétvélawﬁ*ée krpeand stptp gructurep preded forausianedhesdag jorf as

et ch t360re, retpdva S 6o @i lassodidbidwath Afelti®ent @HEOE $ida@, Tﬁeﬂ&ﬁs‘. rﬂafytbe g&ﬂ to retrieve the
Concerﬂ?rga%ts{ag 'c]?ta frc%tl &17: de}taostorre %C?he CQQ§ ler?%_f&@S% sear hes ?ﬁle “1% a['z'a h@r

control "scenari 0os are possible Wt pes o rocess 0ol s’ 4

Dur i ngprdgred @it fog epcent 1ogrpresessedriethdlimthread fostextad ?h BiEs {f? found theprpearpapsed fogt f i r st

i NSt ankdrab@e) fun@bxo&badammg@wnhgwoaaimwa&uilaaeb hidSetdhevatief oriRdntakadserdy the

contral llu esrln t:ﬁlc.giqacg are §ou h@ cct> hgl]elr Lﬁlen %% at ed c%ﬁb%d i‘nerarc}éy a&éregleée thegciatagro? tt}gm ( RVB)

vari abfé ae it &S ey PFOT"RF €]
(i.e. ﬁrsa hgtatybbalevq!dtaahﬁagelquffor th%&blepﬁbst%t tmﬂgscktahtanll btr@plysle‘alsd@faaautntd eci pe

for tnemgyglﬁmaatpBgcaaﬁﬁenhgaaggeg em;ned by the process tool 115) and
cont ext varj abl es define.a coptrol thread and

t vari e
Cybi cal 1y CBRETERIenfeet ot e ey ek geroraioe s SO ok 44 Feafbon
code, ahotetrintirgzby value fre tha ninainer oflerbie the jeapritlysck @¢. £ the stackhofddtivlichorere panyssadeeded

basel i ene 3K infhd ﬁ&e@fe%s@héglogif M&Bn&ﬁ?' ﬁﬁs’svalu@frﬁ?m EstnphrBEto UG esd @J@'f&r l'i st
for error notifications, values i meout maxi mum nunber of wafers

al | oweympss oLlots gythis lsprardy speeqry g valye dpiglly gpecifipd in RiYBe I titiisonandy dyesholk aluprst i on
t hat traeexcedadf thotdneslleagent3sBmhy dayhuelSE tl(eftleesdoleﬂ o4lweas ekceedddotheradnirgiie) agamd SO
forth.;sq Dﬁy &QR%J&LMQJ ps()g’a‘lg)g&&)la?ﬁ\@t d@?r)(cit P&QS} tdf rh!ﬁéafn%d 8Eveﬂc% &t ﬂ%&ld

quantity o configuration variables and
det er riierist ‘Xf lotsimthe Jepjjardy éfﬁCkrﬁ’U?fﬁ‘éﬁ*ete”P'a'm 1 §pnied adsion pathepttTedgte, facility, number
of waf er s, Thatghrsiteaigd 360 computesiddgifol@inplu® (prochss decpa iy@ifates) @omaheGhaiclafli thi@ét) . The

previ Or%*?rﬁx?oqepf eIVXQ)LelS(i]n epent g&t as Sgl'l Féb%@ée th% (m?roher a enPL?ISO 91%11 yenc?sqhe T sul%s otft the

val ues agen uses ate contr For
exanpl cgntrof $sEondie He mﬁfhl"@ rproa@@m ag% B Gralichy ingurp h’éd’f’&?’ meemratm&feeﬁim&thmoce@r

"t hr eaghl 1Qq,sb,g61§yt)degmgtﬂeqbt$m the value of a -8 WD 03/060779 PCT/US02/ 34850
control npD rreter according to the ue. defi ned ecific
Commle wodr teB e Bterts e B oaf Gut el Yy n BB e Rised S ool
accor dotrigo-t ker tmpbaﬁthemocqssf to¢léS parhétdifioarpiatsthpes wagiverollamadgert BY mwalbge f or
that efyekedah @Jm'@lrovgrl@t 4l ahdiieP ccﬁﬁ'olgﬁgéeﬂ%go by m'mkle@ toAdtkdi | 'crqmal dirMasions

controller a retrieve forward netrol o information from
the ddt®- ?‘f’gPE‘P%&““iﬁEHﬁée“Ei 3&%‘@?&“56{)”4"6‘%" fFP&h*H%?SS%HafT‘%lg’é’FJ“ﬂaY?F@“S SfeRRer

cont r qhhaseterg g@htas SpBurmysecdrpiive enegrfend sc.i I aasther axamaly, aofepadigibratodisadoas at ed
with G 'féf%‘}mlngtpol?g}ﬁ%o% 'lakférs Inﬁy Qfg(t ﬁ&\l/le ‘nufﬁg‘lle: lz!@rﬁrofle?% JMS%% c%ﬁ‘l)lﬂr?g aﬁn@t’érs

exanpl e, &rew OUS process nay Be used to set the val ue of
a m ss‘Pﬁ’?QSPPé‘/é‘é'Eﬂ"éf?é‘tﬂzeH@é’G Hlicqe layga phickegps. t he feed forward i nformation used
by the contwieh ltRrcomgp@étagad®03so @elokddihb ochtexi RFiatde tatel JAEkEdS dvtarhu@ wafchm ssi ng

feed f Ocﬁ\y@lal controller agents 350 need to determine control actions. The operation ID indicates the process will
be run (e.g., poly gate mask vs. second interlevel dielectric layer mask (ILD)). Each controller agent 350 is

only required under certain context situations and will only run if all of those context conditions are met. For



information, in lieu of using a default value, may also be perfornmed. The
controll er agent 350 sets values of the keys and state structures needed
for querywog@3pég7data store 360 to retrieve control statestasspsisated with
the current control thread. The keys may be used to retrieve the thread

state dat controller s for
the t ﬁ’f%‘gg E‘f gﬁ]éongglter a%e?tt 3§B gt §°rta po%rgcf%?%% LK 4 ?0?%nraet(}:'%?te Onﬁﬁt s prﬁocessed
Wi t h tpecess. t The ewdaycortolsttagent 3‘50,99@1@ ofher| haeds may ran §t doth chatkisesntsar e passed to a

user - def i nage fullnet biPBeehidALd! BhtRY aaehre&mter @4 dszed&t shedhi thr&at GbraAt Asorand
return val ues %er the thread states e stack are found,

t he c8 FHYPEE A G JOHECS IBYC FEYPEERIE h"‘“i‘}BatPHe W’érpé?‘é‘ﬂ%}lyaﬂ‘& PETIREMe data
f rom tdfavaref dgemsst 26k isehedutecdny idit@teedxecuticat of by schodillivgeandfporeesihg  Intgeweadl imprateds. The

st ack ,apd; @otltml t@d@cre@;rr&*att erewtyswmrhemm trrmgtest@odu&%t@,mcéanawoﬁtab,stﬁt a but at
di ffering degrees of precision. e controll'er agent 350 may condu

j eopar dy cH@EWm%yhbﬁvpﬁwﬁﬁﬁﬁ“&“ﬂ68%ﬁﬁm‘W“Fﬁ%eﬂﬁtésg?ﬁPﬁmgﬁﬁmy3%%“?5?r|evrng
t he vahdigadiodd it figferen Bid@fuiciend odnsers appirtre tq tB@Pslilthy isthaakhaing ée perkefit@f geack of
| ots \Mg!:h(ﬁg ML HRRRGESS ﬁailmg,ﬁonwr@ irlth 3% OGeRACor bl RS absR herd Pl 0, 0OY

operation I's va e co are res val ue for nurber of

| ot s iother thgnees jdeseripagd rﬂyhedéttreww 'hls thatefors avigpt ehat the pastisalas qmbadiments diyelgsed| f t hi s
j eoparsbye tnrap es igked ova:b&lﬁed zﬁld am@tch eX%RE6H Qe coidtRred Githin Ghd Rope AGE EPirit 3B the MRY

cont i Ir]nl'\llg 1on Ac orgm n %Sro(t) tlon sou Ht% N 1seas gf%gﬁql’the cnnmscbglg\tvr ol I'er agent 350 may
abort "H%eGa %% 6 f Rat i nstructs an operator to performa

nmet r ol ogy event on a | ot front the list of lots in the j eopardy stack prior
to determining a control action for the current lot. The controller agent
350 conputes controller inputs (process recipe updates) fromthe state and
target information previously determ ned, as descri bed above. The
controll er agent 350 then sends the results of the <control action to the
machi ne processing agent 340, which, in turn, updates the operating receipt
of the process tool 115 prior to processing the ot 130. In sone

enbodi nents, nore than one controller agent 350 may be instantiated for the
processing of the |lot 130. For exanple, if the process tool 115 is a

phot ol i t hogr aphy stepper, one controller agent 350 nay be invoked to
control overlay, and another controller agent 350 may be i nvoked to control
critical dinmensions (CD). The multiple controller agents 350 may use
feedback from processed wafers to adjust various stepper paraneters, such
as exposure dose, exposure time, focus, etc. In another exanple, a
deposition tool, such as a tool for formng polysilicon |layers, may al so
have multiple controller agents 350 for controlling paraneters such as
polysilicon grain size and polysilicon |ayer thickness. Wen the controller
agents 350 are invoked, the context variables are checked to determ ne

whi ch individual controller agents 350 need to determ ne control actions.

The operation ID indicates the process will be run (e.g., poly gate mask
vs. second interlevel dielectric layer mask (ILD)). Each controller agent
350 is only required under certain context situations and will only run if

all of those context conditions are net. For -9 WD 03/060779

PCT/ US02/ 34850 exanple, the CD controller agent 350 may run for a poly
gate mask, but may not run at the second I'LD mask process. The overl ay
controller agent 350, on the other hand, may run at both mask events. The
use of an agent-based control architecture, as described herein, inproves
overall factory effectiveness and provides nore conprehensive autonmation.
More particularly, the autononous, active software agents 265 schedul e and
initiate execution of |ot scheduling and processing. In general, inproved
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process control reduces product variability, which, in turn, increases
product performance and profitability. The particul ar enbodi nents di scl osed
above ar ewploBosi7rati ve only, as the invention may be nodi fPicediSoasusso
practiced in different but equival ent nmanners apparent to those skilled in
the art having the benefit of the C£gﬁ;§1i ngs herein. Furthernore, no
limtations are intended to the details of construction or design herein
shown, ot Her t Heamanaictering eystepdtP0i 390k prenpeiting ns below. It is therefore

evi dent t hat r&&etomntsj &Hﬂigﬁfed@fﬂ?&gds%ﬂf&ﬁeddl(@:@@%Qdan@@ﬂ“ﬂn@?&’ahb@re@ﬂa& ered or

nodi fied an re. consi W d spirit
of the i n\?eﬂ‘{rfoh?‘i ageﬁfc(é%sl&‘ing&‘frﬁfq ¢ %emmﬁ of%’gglaglﬁmésg?fl%etd W{%%pﬁ’c‘fs ngag Set
forth in the cl az«on@letyéliwvnthemcmogls‘lloﬁ@WQ PCT/ USOZ/ 34850 CLAIMS 1. A

manuf act ur 'antgstSpYo%Es@F@ Qék%?ﬂ(ﬁ@@())mss%@]% Wi ﬂgeastaonplbpﬁl@%%cgsg)%ol (11s4%hd thte
n acco erati ng

configured to process 0 th

reci pe; a cont rd’f"f"@}“ea(b@hi‘“ (bgl%ﬁonﬂé’r’ﬁ’ ‘{:)‘ﬂﬁ"‘éacﬁe F i tE]‘é‘foéF?Hehaée'}iGé@n’te&b"le thﬁctl on
associ at ed wi t h cbriwel goticacaas sonfigurethe dpemtingwenipe pasedan telcdMiol aatiott. he pr ocess t ool
(115); and a first processing agent (320, 340) associated with at |east one
of the process tool (115) and the workpiece (130) and being configured to
interface with tHesesRt(198) 108} oflim, ferdspjomprisingd sgeond Hréces%'t&ﬁg"r“b{”%é?q)on and
conf i gsso@arddneitoperond bNte paEsP @ood@Se)landnhd Rekgianat(130) nacCisiodited Rith TH’éeﬁrﬁySt em

(100, 300). of h o [ G en (320,
S0) PRl Tk bl dBF o RIREL LR B SREONS W RSESH M BT dn U0
(130) (31?(9t349)s®t§‘éﬁaﬁwdmmﬁfoChé“ﬂFthSqmmlg'r%@é@é?)ng agent (320, 340), at Ieast
one of the first processing agent (320, 340) and the second processing
e ke Do bl el B S S LSl 2020
agent tfe3RMRpiccs(138 swlch enBghregite terfadeviththe kprireldee agetdB30) tareceivs the emfrplgetioed t o

i Nt er f,3€ fasiMnt BorlrbiacGAN RlsbBhid ABRRIng GAORB40) AsshEH&I With twsm&m&ﬂ ghsp%l on
and pass the control a) associ at ed

o the s con rocessjn ent
L B PR LB D forr i o SR EB R PHELS S P YRGB ng
configured to configure the operating recipe based on the control action.

4. The systeem (190,30 PooBooydr ailim 11wh&4?@{h§&omtr$ﬂe,eagg9@§sbﬂk LREe A8t ecelv3o0) 1S
configured to receive data associated Wt ast_one of the workpiece

(130) dé‘ﬁdss??i"éedﬁ\‘"ééb@@ 5[ the ﬂ‘%?‘e‘%irﬂ?oh@tiéner?f%?s f%b(llééﬁﬂ Germisgthg E?ﬁ"‘Bas ed on
a contattidvh basediala cadl hdiel aneberevwddddat a. 5. The system (100, 300) of claimd4,
wherein the first processing agent (320) is configured to provide the data
associated with the workpiece (130) to the controller agent (350), the

second processi f§e éYg‘é‘ﬂt(loo( DYt daim dotherei ibedistepcssting e (b gafigiredse oci at ed
with tphﬁldp&ecaas SssdcRR withlth&yorkgieck I 06 tht Edhhbl&f ag@@ €30), (h3 5Pnd prddelsing dgent

contr ent 350 onfl ur e i on based
on t hguogls cO fgured t gliow)ietth Gaaatssgmgtacl; 4 thle a;%roccejss ?oo[r(]h &ﬁ o tpe contizoqfe aéél:nt ?§§ Q and
t he dalneapoef@élercaga% EAONik pdnfigured tp dejeradig thegeoytro| actiay) baseg, Onmerﬁeetwbmoefeb the data

cont 1 QhdodidiG vath ReQGKPRoel( D30}, aldkileataGRRidted Witk the pracay 1061 €8S). @ wor kpi ece (130) in
accordance with an operating recipe, conprising: Instantiating a first
processi ng agent (320, 340) associated with at | east one of the process
t ool (115) 6. and A methadorkpneding(aliBecess tooh St Arronfeuied dp prowet vokiiee (18¢enmt ( 350)
conf i gl Gt Q,itggltoggrmngpecige, @(Q,mrigigé; action associated with the
instantiating a first processing agent (320, 340) associated with at least one of the process tool (115)
and the workpiece (130);
instantiating a controller agent (350) configured to determine a control action associated with the
processing of the workpiece (130) in the process tool (115);
interfacing the first processing agent (320, 340) with the controller agent (350) to receive the control
action; and

interfacing the first processing agent (320, 340) and the process tool (115) to configure the operating

recipe based on the control action.
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processi ng of the workpiece (130) in the process tool (115); interfacing
the first processing agent (320, 340) with the controller agent (350) to
recei ve tweosoei7rol action; and interfacing the first preceasinsissgent
(320, 340) and the process tool (115) to configure the operating recipe
based on th,e co rolthgc%ilon.6 fuanh]érycp ggl 060779 PCT/ US02/ 34850 7. The net hod
of claim6,” furtheltSpFigichy" | hstants ati ng a second processing agent
(320, 340) imws@tig sexndwrodassink egenfri@200740} dawocipediithgke dneof the(ptakssy toak{dl15) aride

wor kpi ece (130) 1RQor@R&QEIoRhdR thsdtated with Bie fils FdceRinOELRII0B48PHAL (320, 340);
and interfaci g% at -1| east ﬁln% of the fi rﬁﬁé)r?ges thn% agent &320 8?@) and
the second "BFBEREYAY ot i Trsspigeessing 2857 (PP RTP AT o ey g Prosssing s C¢%s0) . 8.

The met hod of cl3a®)mith the famtrdlivesgem@ipor. i si ng: passing the control action from
the first processing agent (320) to the second processing agent (340); and
interfaci n% t he second Prqcessi ng agent (340) and the process tool (115) to
configure the opéf BEhHGT chimd; HEheheO®Es t he control action. 9. The net hod
of cl ai m 6,pakidg thhesntrelaBgn ifi®mniy firgrpeocessihdagerd §120) ta sie eedomt @ctesing bgeart(340gast one
of the workpiecg (130) and the process tool (115) to the controller agent
(350); and determning the control action based on a control nodel and the
provi ded ddttgfacing the sepppd prasespingl2gspt @405 P e Pregepst tpd (1 1S bivFeniigrisdhe qperetner aci ng
the first proces&ips@asadfie comdrdOaction th the controller agent (350) to provide
the data associated with the workpiece (130); interfacing the second
processi ng agent (340) with the controller agent (350) to provide the data
associ at ed i t h Thpeetindof dajx 6t foher ¢ompHYing: and det erm ni ng the control action

based on t hg,ER he bssdtREE itk AtiedsNéhe d81h8 wdsksiok! (BJ0P thdhd frodeRBodP[106)86 $het OO
(115) and the work Ese ((}S%Q). -12
oller agent ); ‘and

con

determining the control action based on a control model and the provided data.

10. The method of claim 9, further comprising:

interfacing the first processing agent (320) with the controller agent (350) to provide the data
associated with the workpiece (130);

interfacing the second processing agent (340) with the controller agent (350) to provide the data
associated with the process tool (115); and

determining the control action based on the control model and the data associated with the process tool
(115) and the workpiece (130).
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