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rel ates generally to the field of sem conductor device

manuf actyp ?‘ﬁg pAND A%P %ﬁ%ﬂd%\ﬁﬂl FiﬁéﬁlgﬁFm%sa”d

apparatus for provi rst-princi es fe orwar d

manuf act uri ng WMWWARB CONIROL 5 g

constant drive within the sem conductor industry to

increase the quality, rﬁé&@fd&ﬂﬁiﬁ;ﬁﬂd t hr oughput of

integrated circuit devices, €.g., mcroprocessors,

me nibhiy inyenyipe é@lateSazﬁderilb{etOItwéeld T)Imsgmenﬂidwr jdgvice] manp:fzespring and, more
partMlafh BSalhiEEHod %Wﬁls o proVdigH ¥ Et-pHlabB1ds fredd W&ﬁlﬁﬁct@mg control.

el ectroni c devi ces that @g@gﬁﬁlﬂﬁgﬁ reliably. These

demands have resulted iH | nprovenment in

t he Thepenis faaehstane divie vetbini tiroseuligertdogtordadptryete  inceeagy. the quality, reliability and

thr&é@ﬁ‘tsdf%tt%ra%d cﬁ%mt\’\@ebll:es aSg. 'rﬁicx%&gcem %@Wﬁe@m&f and the like. This drive is
integrated circuit devices i ncor por ati

n ch
fueled b &qngpmg demands oy ighes ity compuig é‘?‘h?jec{fl’fg GRS g opete more reliaby.
Thebddemiamia ibvaoésulted 10k cankimaCioppoment is tefmaaufboppé ofaskmiconductor devices, e.g.,
trants&t@tjgshssgvg[ a?ln‘? cﬁxe &mfa‘étulteh@ infd rgtgnflc{rcuﬁo&nlcégeﬁlcorporatmg such transistors.

nsistor as CcosS Integrated circult
Adfawwb/e@ch& &e;sisﬁe%ﬁ i g msnras e of (s ceRAnen™s of 3 tpieAldaRyisf ey also lowers the
ovehll $6t peDfranpistor /811 83 ghe Sbs€FSntdgEated €k duld Hevirels iBddrparaiefsedh transistors.
uﬁlotegr'era Iy, [ sle? E)%g/rgcefsﬁr osgé?ssﬁ ng%rrhc%oon ? wafepgsllngda \I;llget?'1 of processing tools,
mclpqlmg rgrotol‘rjbggragm sﬁa@pe[s@@q:hstools‘; gﬁgpsﬁxop h)@l(s,rmpshﬁlg @eg,srgﬂlchr@ermal processing tools,

un;lldﬁ@ho‘intoolﬁ HD' ahd @thl@ﬁb f&rﬁﬁﬂ)r&{mg&ﬁeﬁbper@tﬂ of Eﬁhﬁbﬂuaorfpﬂ%essmg line includes
Ct O roce

usufgnﬁjéc? ﬁ% &onlerolos s?emat& auCgon%a%)ca% {)cong(r)p th opera tfnp varlo\{s grocetsgng tools. The

con
magifpciorie thatedomynutienr ith a mm@acoms ﬁmeemrk@r apmorkv afinr@?asgmg modules. Each

mama%&rgabm gte.se@elu,% conm%d 1o W RYHigkehiUhtbrtde. tﬂﬁ'e&ur&&ﬂﬂ'ﬂkmf&a‘is&omected to

s e R Mo e e RS e e TR B focf 4 the manufacuring
frargeavoekr allht ynachow nieg faceccan genegrpllyetg ey nibant adyanted pfoagse contfgl ¢APC) system. The

APE g}é{eﬂrﬁﬁ{gms aQorﬁr%l'st:n‘?ﬁ GasbcﬁqurpﬁlﬂﬁﬁFaQﬁrng%oda WBRGRAR a soﬁware program that
interface which facilitates comuni cati onsPFetween

S SRHIEHS BRI ORI HE HERUIEGRHG® PR SBpIgicir devies ar
stagE erdugicthiltiyge mambh¢tiring @ols &m mykpiple p@bdses, lgeneptimgtdatg kelating to the quality of the
pro’é'egs)é{’il &%@Qnﬁgt&(z&%@es thoQ\l.sm gAaEg'))r pé%%)ﬁ‘(ﬁgpsmér H&rolo@?&;tasiyibﬁgh to process

Inftrates a cont I'O SCrip ase on_a nmanutacturin
conﬂ;el&@ for th¢yjoels CRHAtHE regirg eqrir%gfsear?)fa&fg gﬁ]bil Watprocess controllers based on the
perﬂ:hﬁlaﬁfmﬁddeladnh yhem@trolbg@MigBrmativd tél atempne ackéde bost-pr@ssing @eselts as close to a
n act rocess I
targe npvaHJE ? IJIJ] gleglﬁ:mg arﬁtlon% {h%%agx‘?’eﬁa%%? al‘gt%kga‘ﬁ& r{lérgl.t?g\oﬂ)olﬁ? ?e%{_.lced cost, higher
devieg Prrfomaeceprto@@%‘é@ch eguated ingr ?aﬁﬂj‘ pepditehilivel ating to the

quald 4 iypi&f seﬁﬁb@ndu&ﬁ&%ﬁﬁr&ﬂfa&&m VeaBRCHAE ir 8essElEM | gﬁﬁﬁ, referred to as lots. The
ost ocessi nNng nNetro

wat]P g 1%u[ggrﬁ$12aa l(%t %e%Fa %8)?§1F)ence P]{) ?_agr'elpreorccié’sm envir(hnmel?g)iil someatools all of the
wafgpyar atdt ay pracsqueinpiteraensly.ertsle ar ethes adodsuthawelers by prdqessed individually, but
undef s‘ﬂﬁﬁ? Son&isHs (). luﬁﬁﬁh@%@ﬁpegﬁngtrp&pe) p%fcgfyr@leﬁﬁ wM%lasmgned a priority

and the metrology 1nfornation t rﬁg% L? g ¢ he lot
in tbf‘o@‘é‘“'ﬂ‘?gcfé 8%%‘?%5““& esls| F§°”{a¥s‘“"<¥lb8§3é‘g‘t‘38 o, the pagis Q% © Rpgipgy &F afers in the lo
or ipeBHs Blagest dRepedhang! lvafor @tmpn i n this manner |eads to

I nc ﬁﬁ%ﬂ% f%d?ﬂ:%g Brgé'égs vaﬁo%?%mﬁgmm% plagaI tgzl? %ect tﬁe%qurﬁhrﬁgof the devices

nce, equate to I ncreased
be"ﬂﬁ %?rl"t“ﬁ’ol That i . Vaf‘ﬁ“’&s ‘f‘yﬁlftbé‘Fa“g'éﬁ*teoﬁﬂ%ﬁR&f%‘i“ ip dp¥ige Perfqrpgqee variations.
Fadka®s; kilch by featwva fegical dh@sipis ORPBS &tleld, RorgpcOteisance; piredld @@tarthidation, etc., all
may )Foter%aﬁ agel?:F rt]hewé’}nf 4§ ?forlmgncg o quet heQ/H:L arDJ:vQctES gr% I’}?&%h}l} Yanked by a grade
e sa processing environnent

tools all of the wafers in 2 lot are processed

sinultaneously, while in other tools the wafers are

processed individually, but wunder simlar conditions

(e.g., using the same operating recipe). Typically, a

ot of wafers is assigned a priority 35 in the

beglnnlng of |ts proceSS|ng cycle Prlorlty may be
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Factors, such as feature critical dinensions, doping

| evel s, contact resistance, particle contam nation,
webt@4/04mkd 40 may potentially affect the end PCT/US2003/035435

performance of the device. Devices are typically

/

el O L B e e o e, TSR S v
valyable the devicg general , the hi gher a device is graded, the

NOr Becavsa bitadlage hdneexdﬁw&rmeles dffeqtiag)s Geviod's felfermlase giRraoteaEiQy it is difficult
to p?{%th@ig %logﬁm @Jvfcgglér Q(gthéa]i) ft?%{m%,%f glecg'ggl te%{s gﬁﬁx% %gwces Wafca' electrical test

ar ac er| stics

(WBT) mepsreppenys %@ymailbvot peforred op eliofeéﬁﬁ‘iﬂ’#gf s Eﬂm @it tagerin @afabr ication process,

sonfeffidsSotQmtiltweeks ARt |tlﬁ:@>$oces§1’f§gC 125 bezh &ﬁﬂpl’eteﬁ Awnkesik or Moré YiFHe processmg steps
neasur e rre n

produc? grs_usltln TS tha{I ?xf R’\)éiq'lar{leésulre}/{xeq mdl?a ebarei %ngicepta?]) epgn% &eéugtglg wafers may need

to @Gmﬁmwn‘@t, uutm inpantie® Kis masproesssinglmeigty haye @ens iundstebtedsand uncorrected for

as tlﬁ&n@@m)bcﬁfo@ AeaaiB @8 {tﬁﬂesc%ﬁ?eﬂuﬁa?e{sﬁix}:ugm@asilﬁ Qa8 B decreased overall
St.e pro uce resul ting warers a

thr g‘u AT ‘f°ﬁ‘t[]‘i“%t8f‘se°f§‘r sé’e%ﬂ’i%fﬁsé‘%i“ékﬁ‘}“@ber i’fﬁgpsr Qulfh Fesyit gy product still

beingarhis-tagzetadh from e electrical dg@exﬁmnzanp&p@@.t ofHoewe v@iven than corhvistent control for a large

volmwafm,reqwe tmng RO GRS Ry ﬂogm con@}ésan&%ﬁna REGES Globikes typically

uncorrect a sig cant tinme period

req?‘@éﬂf“ﬂ’ga“f%‘a‘ﬁ‘bwleg‘ﬁrftﬁ‘ﬁbed vvaf ers, much wasted material

and Indgiicat procek @wiedl adeharibd detshrbeng:hmJ émplﬁdasmpdenaret @iplvyed to predict and
conﬁ&r{pel r@s@&ds he® ont}'(nedslgglc 1P Lo %2?&%?5' fﬂg tleﬁﬂctfa Q&EQST is Qefcreased for a complex

step res In a pro iP be
reSpopss VthafF g erepiriel medelgdeestop éqcvfﬁtelarepfsfempfé? msraﬁ%m%ef throyaigus factors in the
syst@tﬁ \FbreeWamﬁB Vrﬁﬁ]y fabiert cEn@ridGle 34 &Bberibﬁﬁﬁ'nfe()df aft@hsistor.| @heg€factors include, for
exam | l‘llm%hla(nesses o rocess? grls {nQI?e tm%lt(efec d atcko ge gl grnée &q?icéf dimension, implant

Gcess con;()) Xitie cont 5

doss il caeigy, gnd dopeggrep dimepsiony| Thg n@ﬂ!ﬂe @fm etfraptwm emqq@ mﬁe @iferent factors in
contriButing [ shabermfn%&scﬁ tHe ARAdisRF redGRIMRE AR VAR 2EdutabEst cBBRAYA models used to

are enployed to predict and 15
Cmg&%fefabf’cat“ ngqglegﬁnéﬁse of the controlled tool. In sone

cas @k, presere inenéieh ie tiregied owerradng, ¢rat detredmpe the fffrots af, one or more of the
proBIBRIRkE¥ th ab&SPONSE V\,here an enpirical nodel does not

accurately repr esent ntera of the various

factors in the syst Vﬁ'a?gﬁ%\'@“ﬁﬂﬁlny factors

conn¢ heptce of the tpnesenp érvergionmrisneen of a methedainglhditgoproceTsing sieworkpiece in a

malfuﬁlgﬁlﬁr{g%yétm lnHQcﬁng J ?ﬁraht? )(SE‘ML eWo;kaeacet fgﬂrﬁehﬂﬁ %ﬁ? $ela93fd to the processing is
ayers in ate el ectrode stack,

o o PR TS  Bf O NGRECHET EPAREd S TR frkpece bricaion daa,
At legyesng yrocead yiratheraeltr the f@rebravessisy i© prsdictddidser @b the @imdlhtiigh @he workpiece is
rs in 20
kSR SR ORISR stgal ot
r ed degier fSﬁet of i eSS D rnéenaebla pes p agystegnipilyding &|plushigyedf tpols configured to
prot&@wdrlﬁnec@ﬂﬂtafsﬂlulahhﬁmftahfﬁd siradldtionun@fis éohfzuted wﬁtri‘o‘\ieﬁiorkplece fabrication

dat1 llgﬁte? % err]ct)ceslsﬂg, esgntulap p?ture lprocessflergzgtfe rqhe worl%Ye% a(s)g(ri:corrll e vx%gkplaege fabrication

datgy p@mr@ms atslest qhe probessapseppgter fof eeﬁmzce@mg |waNrnheNm215tmg wherein at
least DR oPBOBAS is BnfiluRQ tPPrBRRNMe WorkpREHHaRA ok e FERRed| pocés parameter.

manufact ur i ng SERERPERCRBAIMNOR RGNS (ool .

VWr Kig imeetioh afay be atdergtnoddhytreferergt st thedfoliayirtghiescppt®e exkei imgonjunction with

the h@ompaffilgldRNGEs, mF»WicH rhf?e @ﬂ‘en‘é&%ﬁéﬁeﬁﬁs 1béﬂtu’% g e"@?d%&ﬁ ek it Whil)
system i’'s sinul ated based he wor kpi ece fabrication

dat B hd 3 %'a@iﬁe%ﬂeck&aﬁ%éﬁ aﬁ’é?"é%’ef"& SRR e fth one lustrative
emipriped o6theygesers inpengich; atided based on the sinulating. The

wor kpi ece is processed in at | east one of the tools

based on the predicted process paraneter. 30 Another

aspect of the present inventign is seen in a system

including a plurality of tools configured to process

a workpiece and a sinulation unit. The sinulation unit

is configured to retrieve workpiece fabrication data

related to the processing, sinulate future processing

for the morkplece based on the morkplece fabrlcatlon

I T o, oy o .
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35 BRI EF DESCRI PTI ON OF THE DRAW NGS The i nventi on nmay

be understood by reference to the foll ow ng
walemaenigee4 on taken in conjunction with the  PCT/US2003/035435

acconpanyi ng dramﬁngs in which |ike reference

nuneral s, identif ke.el ene ich

1i ‘g‘é{% it Piplis b’1 Sk G arhﬂebhf’g] §°rn°£ﬂ%“'mét u?‘?nﬁg‘“*“fmg process in
accgrylanteawithi anotizee dlostdtivcmbadiment o the priedehtimyentign.i ve  enbodi ment

of twiGe RA HRBtioh NY EflckiBle BNChriods WohiaAGHs 044 6Admative forms, specific
emEpTGTS AT P PR PP ORI OV WS R B e in ol 1
shopln oeex_dgstpcni hene vtk the deseiptidn tereant df epecifi¢ pmbwtlimertd iy @ot intended to limit the

mgltﬁ@ﬁncﬁf&r Rhﬁs cﬂgcﬁﬁa@nsut oﬁ“t‘n% %ﬁtﬁﬂf th%tl:n%oﬂ: EQO cover all modifications,

I nvention 1s susceptihle to various podificati ons a
equilents, qad almativey ﬁﬂmg Wthin: fhe jseirit 30diSe087 ARt SVEHAY BJE “ﬁ%x‘?é the appended
chitlgen shown by way of exanple in the drawi ngs and are

herein descri k%’ﬁgot )P&l%eAth(NG o%T%'iﬂ}&WER%ION

under st ood, howeve descri ption herein of
s pe Bluptiagivecsrabestimentsrof e inkentieprare otcBrRd Beloy-on erterest Halary,not al features
of hnméﬁﬁltﬂnﬁl&nén&tlomﬂe Ia&EﬁHed:iﬂ tﬂil's speCificaBiord | B@JllDSE@urséC)bH apPiaciated that in the
he contrar t ent | [
develo;ane]nt 0 az}n?' Ol}rllcg actuag C?EII podin egth umero S Ef? i‘%rt%%t?t;‘og? e\‘;lg% d?ms'olns mtést be made to

achigivg thé develepers s%ppqlfiiot goglf duch ew@pl@fxcet\ﬁ@ systetperplatedand husiness-related constraints,
whféllefvilln'@ il ohdhpRAPRMNGEE andileR M&eomlﬁ)e aE&Rna@ARBtYs\Jm development

eﬁ‘o%wnélﬁtbe 6ﬁm|\¥Fx anacegg\llgrclorgér%lln%et r“?otuld neveirtﬁqess h % {"é‘g‘%e un]glerénI l?mg for those of
ommmaﬂmtyﬂwnohmaBMWﬁeaﬁquQdmd@man actual inplenentation

ar eR%ﬁﬁi lubﬁgurbn tafstmcphmeabcid&a%;ahpsr anl filustvhevb n%ufsc%ﬁé System 10 is
reciated t {dev elo msn{ of anéésuc

g I e b ) BAKBISEAY Prpges semiconductor
waftheC haviewn sthenisentioe isrmetesot mmtea(ahdl aaR ttel'wpld:évtelodple typés of manufacturing

env?rgr%htg lafid 9)91@1] tc'ypesso}fcuorﬁﬁecgso ”R' ﬁe@ﬂﬁl@ ZW lﬂtgc&yékwloﬁléﬁﬁgents of the
and busi ness-related constraints,  which wil| var

mapy g ingn StFR YRR theF 8 FXEhenes efermation VB dlipigive meneprig sysiem 10
inclnges apratigiod pecksd thalt 365 ech bengheneddop resmsputtbatehf iowetfacimg 9iith the network
20. b%he%%c%m%ggte 1U‘§&£8E\§&é r{ég)r Hztm Yg@%ﬂoﬂ?%ego{ld"e%l & §(ﬁnputers 60 for

be a routin or ose | nar
mtqrfhcntgﬁ)@thalilet neﬁ\g(}q 2(99 Tthﬁ wetgp g]géfoplﬁ S%fna)t lpﬁ \gedotp gegsye ﬂ'l't@“ characterlstlcs of the
wafeg pREdsicd 6 thdpréde@Udo3dlip génefaie iplrolbdyeiaka. bhmkghd]heagi‘lsaim $fare illustrated as
intﬁatnacul%glhv!ntlﬁ telrngttgfl[oprfcgnga gﬁn%g %&@% ﬁyer?t tﬁmog'lg (% mW i éﬂdg %gegrated circuitry
for dnjasfacing with th@emweﬂlwtu@rtlv@e%isforstmﬁooelnmtq 69 A W@F@rmg execution

sysféfﬂ‘@ﬁll@rservér he dirddié Qfélhigﬂ Rvdl Speﬂﬁon S %ehﬂaﬂﬂficﬁﬂng’@?ﬂenﬂ&b’bymﬁectmg the flow of
the elﬁ%}lﬁa%%wté %?'sgetnbﬁé Oﬁ% ngé) S€; gf r?f(g:ntit(l)J [ tpeg (s:tzét%s of ,the vf'mous entities in the

maRaciurvigesygonniedidngyiag ﬁoolgsSOcéQTpé"hemosesofOOlsrﬁ@ may be process tools, such as

pth@ithér?pﬁ% WEdpEYE RN §;o§ rﬂepo@iln!)rﬂmlﬁ golfslhﬁgrfb&lé) raB i ARARG R ocess tools implantation
information. The iJlustrative nman Urlngaéz%ste

oofintt uHESOBEUPSE Pt ot BPHEEED Do reh SoomE SRRYERHG ool ecical
megsareipdnedols, ScasnipahgotrinaicrébOoptspgas hmtyesrs, aci ng Wit h t he
net \,&Ooakabasg Qerve-lngs {BGH&@%%&H% daty ?‘eqﬂ?em CI(]' %eas an® oi’ e l\&‘l%%? entities and

one or nore cou to conputers 60
A L Thj SRR EHE eI oA HECT BPBga stores 90. The
mefrd¥édly Sda0 nﬁjaylndmm usRle t ifcalRRBALS, epxouatsp UlyerC M@k @tL I dlestrical Sperformance
chaéaéterlspcst %?elgrte eraso eme ggl(l: a§esper<%lets etc a: tﬂ%(l:(i%%i?é otgqgrldhe%g%stﬁ (e.g., cleaning,
consynjabjls terz teplecement, rpmv)emq.*/abp Pﬁgstqmdtlh the asa stese YhyRheMES server 70 or by a tool
(W&Q&ough the conputers 40, 60, the tools 30, 50 may

include integrated circuitry for interfacing with the

network 20, elimnating the need for the conputers 40,

60. A manufacturing execution_ system (MES) server 70

directs the high level operatfon of the manufacturing

system 10 by directing the flow of the manufacturing

system 10. The MES server 70 nonitors the status of

the various entities in the 30 manufacturing system

|nclud|ng t he tools 30 50 The process tools 30 may
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tools, etc. The netrol ogy tools 50 may be neasurenent

tool s, such as optical neasurenent tools, electrical
woragoneeent tools, scanning el ectron m cr oSCOPEFUSHA035435

anal yzers, etc. A database server 80 is provided for

Zn?%’ Iegcg'qhgt gocgsg g)% %g 1r11:te?fa!::elﬂl\%ths’at %gclélssé conuf)ﬁel?qu/ %HIIIISO alfl apted to automatically
conttelttheperating gqcipesrof Qe mresqf d}e goolsnirotheridustratad ¢rebogimentshe process controller

1008 Ryt pSricle€ 6. e Pysic Bifed) HBdel 0F QBYOIHA R pBHs dodls| ude
oF oty edk Ry R BER AR 3 il I AFERERR on o computer 120 for
simplaténg ureeyfehiisg preagssésdforethqwalérs. | Byssimadatiog thiyiamifastyrireciocesses, the simulation

unlm 1§‘isQ:5ﬁéblt: ef prédh:ﬁng RRAriSal 3&&1@1‘15965’ of fhe @@Q%Mbrlcat&pd}stmﬁfﬁ‘cturmg system
tem repl acene stored in

t he
10. d"gteémglla ?neungéloo1§ alﬁchggq\wgg?f g@wgl@g da?aoregtied Wulﬁeciu% |process steps to allow the
congptegd aleOees to- 18ceNDpi2 Qe iDeHOB&R dic AP CHar ddSRMI0 $r 8 SBB sxBpive if @ftarget value is
estths(ﬁedofoFFrgé&trrcgodaﬁmg’tg' Elﬂﬂ %g gaﬁu?a%ory\'blﬁ‘xlgntalﬁ?,[: %%ﬁﬁxlaﬂon unit 110 can predict

contro atedto aut onat | cal
maRUGITiRg] targdh kNS EOF the F’ﬁ‘g‘f"n“é{i‘?gﬁé%emo‘fo iy ffaieThefaed SacS‘fratt"h gurrent. Typically,
the tsx@lation dnit 110 €imulatet) s tséring eﬂplﬁdmoﬁlpmthe valfe bf')ﬁg)theﬁdited In essence, the

snnﬁﬁtno‘ilru(alt lgd s‘per Qa gp{ng%{%ab@ncitlol{ ?a‘él ﬁrr I"Ilﬂg lu%l' %§¥ Ode(:lgethat certain fabrication

or contro
pargresiFse o 396 o sthere Gy 1bp | VRriable] (e Siuishana i 19 epipglates the varisbl

parﬁheﬁ% @th@ the ldﬁHutatlaxﬂ-Q'o@b’set@ Lktbri t Bet@miBe thlﬂgﬁ for kOvatigble paPameters that

nuf act urin rocesses for e wafers. B .
achlevemf{i: eﬁec:lp e% pfa oermart{)ﬁen gtcs: t gxrtge exam Ctz tragsgéor athcea},wV:nl, %rzlmge%elr%rﬁgardmg gate

insulation lager (Dhl¢k965%:m§allglyelmﬂ trmmaa Gti theycaalpesitionjof fie gate electrode stack) may be

fixdah ﬁfdaﬁﬁaﬁl@,ﬂeﬁ tshfi Sas %fite tetb@trdé@Wldﬂﬁ & ef @&ftrbﬂ‘eat@dgaaya& I'}ﬁrameters) and implant
manuf @Ct uril

)
PTG (Eap I G5 BYCTAY (1 PHACIPLPS e TREY BRbBERged o variab
pargmetrrse s $hes simg@ion anig |1 1O her igulago the | feltrieation] @ikt and varipsptbe one or more
des%nz{?tfd%%ﬁ m;ﬁk@éﬂs 6 |d§€r¥nfn|e %Ipar&h@err aeﬁ&egfhht%'u@ nIo?fchQetly achik the saturation

|f a target value is _established for an
CU@PtéEE‘?‘l E%ﬁ refy i %fﬁ’éet séP“lat%E‘ﬁy besin the Form-af ffangyts Jor pagpfpcturing processes (e.g.,
gat¢ Diltvtof Xtramsiers)idravpéraiing vagipt seltibgs foathe pursdtptcmuglfbcesses (e.g., etch time of Y
secmapbl'f ﬂf]snltlﬁdsp& Ztcﬁﬁagﬁgns\bgljuuf?%hfn%? the manufacturing

syst to achieve the target saturation current.
Ty pilBaPHcular PIRECSS (OPREATIGRS SRIIEA Py TECTRYIHET dpid 10 aub e gganufacturing
parfithetdiy’ that @RSdeSdnepd asf leing tfik@l avahrizble el gy Heletidingahelk. pattiqular embodiment.

Theet§r§¢t§ ‘%s F& %?ﬁorg%b%fﬁ ?afc{egﬂﬁ:mytalsq}%agy £ e%ﬁ %Sth%%m@ul?r implementation.
t hatAnc@pRiiy) iMfampiiona pchanee ﬁ'&‘r afeete rcgnnlsb ﬁf‘ﬁ“%@&‘ S‘aﬁée for use in the

maﬁd%ﬁlru%t $QEns 10MRYan RRIvandddl @Rkc®s Cdifael (S\IP[I)Jh-&Hlelefk s0ioh bs rhah(oe implemented
usngéatﬂe ?ZH%I%/SII. erstentl Qgerf\:/dabr II@LA f?ncgal IT.FE ? fa I‘ sterrgusest ?emlcanductor Equipment

rocess t 0O a ne se
andf Matertahéntvaatlpraiblséﬂ\'{ih@mtee h@grtalh%\Mamgacamﬁ @) Friamework compliant system

tecm@gbsf Jmadls Pekd HeMRNGRed RFQAL Tonttod (ARG BXAWRIKE ©fM (SEMI E81-0699 -

Provnﬁlgrh‘:? efn th?na§ #I%?hl o0 ! ang& i r g!ini ghg W@% 89599 Provisional

Spegification fot M Erampesi AdverrcedJProctekﬁéJogml é?oetcamt)rsodélcstom% publicly available
fm,gggMpe f i xed, and par ameters such as gate el ectrode
h (i.e., controlled by gate etch paraneters) and

i np|P%m?nS o YFBES 0 Yo Oning st (eseipheD S5 RISENEh g P o software, o

algbralin® dndplydbblic Gépredénh@snsi dfpdperitiosy omr@iyta s SfiBiG af todPutdSmemory. These

desyr?pq !)ris g?aerepr?s%[tzﬁgﬁsbre{ the r;g.b gy \%é’ﬂ“dm%é l)fod?carya&’ Jklll]u’l‘ gletan %Hectlvely convey the

Ca I oM process an aril es
submncwrﬂ@lrmrl@e stheymeftortinapskillamihearp sncalpstibmsasths t‘H‘ét‘SéF‘?ﬁ hyg, and as it is
useE E@IG@W R RBHcaled (@bdtasSIftdnsiktentvidhictlce B Stkps Cdadieloa dﬁ:ﬁrb(l RMA. The steps are

those rlqﬂfll rm% 2 s1call mam%l?agons o %hé/glfaa g.lantm]ps r}?sua{‘llg,tst clvutghsnoq necessarlly these quantities

nanufacturlng processes (e.g., gate width of X
nanonet ers) or operating recrﬁe settings for the

manuf acturing processes (e.g., etch tinme of Y seconds
or inplant dose of Z dopant i ons per unit volune). The
particul ar process operations simnmulated by the

simul ation unit 110 and the nanufacturlng 25
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usi ng the Catal yst system of fered by KLA-Tencor, Inc.

The Catal yst system uses Sem conductor Equi pnent 30
war@4Witees i al s I nternational (SEM) Conputer |PCEYSEDEBS435

Manuf acturing (CIM Framework conpliant system

takt ﬁtﬁgnr%':gtg ﬁ%l%al al) d trts?lMgra %E%letgche Alg\égt%glg% I?)[algc%ﬁred q?ngfgrpeld combined,
cor@pred;uaﬁcl @tmrwéﬁnmwla@ti MchPSanmm pAavDISHEAL ﬂmﬁr mﬂcwtytferrreafons of common
# rdRG tﬁe%%alggﬁﬁt@ Q0 8es; eleeRY byRiboIs, Qharactgﬂe@ﬂn'fs inﬁﬂﬁdrso& the like.

sp e&tC#;ou atie %glﬁégtrd{fl %\gﬁr\]'c Stgglt g\(c)/)g tg S€ Brr%osumlta? erms§EM) ge %5 ciated with the
appRpridté phmisicabduaitities and ere meielysoryerdentletrelsappiohithese quantiti¢s| Sgless specifically

stat%%ﬁi&lvﬁé | s @6 %ppgfeﬁts§5ht1 e hifusiBe, Brm@ fsuhOfst Wc&smgaror "computing” or
hnms and s l'jc represl?(nta ions of o

"calshlgtatét q Bthrgmwg m‘ ndlsalaxl tttgrl 139 the-l—?fggnegl%rprocesses of a computer
syse®S@ Isinjiitn ddegonienabmp@ipg Gemnttwtt imawipulaes @nd e sfonns slatl yeprebentedhas physical,
ele{nﬂ@&? Suaﬁ’c ne%fﬂtnﬂ{r}é yonﬁ:'ﬁt'ell Jysténps %Q&er@{nh nﬁfntn?e@ tlrttd/ &fley d&ipﬁx\{f?ayly represented

. ubstance of their work to others of ordinary
as physical qqaﬁtltlesh withip the c/gmpuéqr gxﬂ;ernt rpﬁﬂorlcgsortrfgéste(se?rrﬁtl}eg schg ét(gormatlon storage,
trarf@i@isfon oA fAEpl@S ddvices. SThe Uiskributip@ o€ thalprogessings andQlam iovagel fu@ioleamongst the
di eI SN e
ﬂ% et o e?£ 2% l(%O gq_hg) gt&g rlé; Een@l]callyS gogglﬁbteh qg%kg@%r tu%e&ndence and a central
qumgi@t t’f%tF %ﬁtrffuqhgtr%wsnbaf O%fﬁly@twd gifferent Prtqn&fglems may be used.
US Uahd gperatidd @EGEpro&eks dBMEBES 00 dntl Yimulail@SiBit ﬂlﬂ)&tﬂﬁﬂtﬁef @Scribél in reference to

Flgure 2 wﬁl 411/ Qegrcgz sm;%éllt-{eéJ % %ﬁ%%’% 35me't 5 ?or con oﬁl%g%}n?;nuf?cturmg system in

pti ca gnal's
aCbeétnnngéltamt@d em‘tori'ansthéthF Erdsemertymﬁlpm eld bloclt?@ﬁp'mmessm@f a wafer, or lot of

watats tbara\yto%@ss tmmnytoa{pﬁtid tntbktara@loptvma FALAEREHdRNE reBeved. The wafer/lot

easons O nmon
g o ey rAcBn Yooy oL BT ek PPy 5 RRLrs B0 amor e wes
serey i oM, prodesir cauttodlers100 treay iso stong rsbres of thowafeiet fatirkation [data locally. The

waﬁﬁ%tﬂcz@i@n Bef 1H§udepmm'tﬁhqon @Qﬁé@%eﬁe’prévn dpr@delsmggerfohﬁea%n the wafer, such

simlar ci ate )
s BB BYPP L e ET U Do URATT ERS SEUPa o rHPEF Jer tekass. Th vt
fabd@rienedatacndy hlsbintlsdeadapl dobicttet! by tthieemrecessutasits) 89,638 . froinee®s (not shown)

assURGel nfith G photess RORE 86! ngataﬁ,%me%cesgﬁg aslrdnﬁlem%ﬁamd bly R Wafer during
the discussion, terms suc " processi ng'

the: f‘i?ﬂ?i‘ﬁ‘ﬂ"tﬂ’?f@“ B)femplaemrqufp ga(tq lﬁﬂude%qhaml&é?rés'sqﬁa ﬁpqx;@er teypperature, anneal time,
implailt Gqod, aryplang enefyy flisena lehdk®y, pro@fsE titn®, drd)EeTHROLdfe vt &abidkation data may also
incBE a%&%'grgsl’he océ’%s &BHQEP b con‘%m Hg gJat répiple ttmg \%gJ ugﬁg[tﬁe fabrication
evi ce at mani &s and transrorne
Pme'éiar’é%ét‘ﬂ“@t? i dnap Rgichecpgpsible tél"@ést"ied%*ﬂ“é vefbrarfen ome grogest paraeters.  The
protd3€cofumpruine maysyss e Rtngs DihSsk arSmetitin MBIAT bt pﬂomsmata from the process

toopg(b Ibthdrat%r%ce% {cr)lﬁtroq rc{% replrtc?usde teevqalug'soota varlgusyst?éle condttlons estimated and/or
quanti er system nenories or

Contrelgﬁriéxt_éfr@?@tscefttﬂqlﬁrl%ch i nf_ormatl on storage,
tr afSERcR 320D the @dbrtéith&ﬂiaﬁ){s &Lﬁl\zﬁr&ﬁ§ a g@h\s@enﬁhh&i thriednbit kddddteBiline if the data is

R R R L T,
the thinhokses efthetgate prswation Byer Wdi@p!enldem ersamrot beicapared talpredetermined thresholds.

ThlE ﬂlfrégl{omlffé?@ﬁéﬁ Qrt)?tcalcéultccﬂféthE andddlgsilf?cra@dﬁt(ﬂﬂd?%r(ﬁ aﬁ%liysns FDC analysis
Ut ers and ferent arrangemnen

be
typtsﬂtyrlom onvaes tprer e sLabtidrm o1 B g %qtﬁ*itﬂl &t*tt Gpiion. 172
faulti Bintlitidnlif iderBifiéd e wdtle maylesequirdies the Wafedbtenag be rapged. Tipically, a target value
. |
is p'r:dv?lHJ (g gbg?e\’i’gté ?}Q Iggfeﬁmféh@nts?rf?g kﬂ?ﬂ aulafrﬁlgtﬁg L%s&yé'?n& :'fcﬁ-ﬂédoofn tifd wafer. For
exagple o @igptcalupiverd an sreribied fenthe gdthisplatip andelypjlios dayer thicknesses. If the

fablidaM@tata mearltm: thlg@ OHue2 0@, nktlmat m{edraﬁees foffed@h ti@ waRf @ill,co¥$rm to design

expgcﬁattorks Elﬂtsever [h ‘fablit%‘a (fn cg lsae &hm an C?acte%ltaﬁe alt%%t beugré;ay be such that the

Ion eve

The wafer/| ot fabrlcatlon data may be stored in a
variety of locations, such as> for exanple, the data
stores 90 and/or the MES server 70. The process
controller 100 may al so store sone of the wafer/| ot
fabrication data locally. The 20 wafer/l ot fabrication
data |ncludes |nfornat|on related to the preV|ous

o Y Y S o o
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25 inplant dose, inplant energy, plasma energy,

processing tine, etc. The wafer/l ot fabrication data
worey4@h®es i ncl ude data fromthe process cont rpCT/@8200805435

concerning the operating recipe settings used during
per}ogrleanze%? kHe Cdgtlcleg IQlagfu re ergug\ger%‘;ég {:anﬁar 1ie&:" ad@?ée? ’mo}e cloge?/m&gﬁéstgr%et values. This
pelfgatraamfdew@n eqppies tpredicedsisvenem e priakypis 999@0%‘9 bers 22 0tigeatifies situations that
are 3@% tHai %lt feerditlohte 6@ ;ﬂ@rbamﬁt abis cbﬂ?ech\ieahleaﬂlfes aBdedal mitigating the potential
perB occ%slfs)ss t%tls presrervm% ey n&greq{cl: E)ées %xainﬂ eéstheo roce%ﬁlggt{losllersfb%tenza%l evaluate the
meil:fdngmd@tﬁ @ﬂ@ctsistegmge@e apfay t9rdeteg@necif ift ip piithie gredgfermined limits. In another

exaﬂ[il@ Qﬁép?oc@@ Rdnkrllel Q90 k) Bvaluhid tl?lt&)@ lﬁld%ﬁ]@c;r dhth é‘oll@@éardh&%tﬁrﬁﬂ)us processing
redet er ne

is
sy QPTG 0 B PR A G BT PRT U P G b
less(than @ topl fauit), tizrpgpess dootrolitalldp meyinitian caadtiae acgdnat i ng t o
nul irf t%cﬁ 25@(@1@@5&&»‘1 th:aoiE w@t%ﬁ%le?@temﬁlmaﬁgb'M&%é%&n‘afler 100 takes

the gate insulation | ayer an I con | ayers may
no %goncaaﬁ,ﬁa pr@ffsstta-mﬁ\?t%gPl@?krﬁ3preldoweﬁ?re1§th%faﬂ'§:anon qkm is outside the predetermined
rangehthe Slh&lsﬂcoﬁh(ﬂléren(‘s subihida amiljtioh &ﬂhestftathle simdledod Gihit O10. Rrudess flow data is
retrﬁl'e%%g e pgo%fsg Q(E\trglgx% ot‘ ﬁﬁlat@ofn uﬁllp ﬂ oY 'bl%ck 2':5)CI‘ R b%cx& loBw %Qa represents
S T0or va ues that are outsid
the @RfRNTqoSh ERANEHRE fagiet Yalueg fiosthP Prafustan; PrRgesa Bntp&?fSF fpw data represents the
pro&auﬂnt préueyd With leQéhtiallyfno dariakianiti., GDRErkI B¢ fabiscated| @il HifnkiBibns equal to the

tar et va uesg gl%yalpgrameterf F scn%g thtg rexpterh@en\(\@%oggt{u ootf E@X]Stgr i, % or other device being

mo‘{eied)eand arp gstpbld h@rbasaésmog WCYIQG@PQ*@FF@ﬁ#@)VIeF’S?F var | ous
par &nmcﬁ 180, &fe fibh&tlde&dtacle&efg@cr ARhe Bro&elébeﬂowgfafﬁr Ac{ﬁalrmetrology data and
speci f|.e or.

procgegstcglgl tlﬁlgls a\éaflﬁ)é the warg 6|15 s\é\lgsllflltugeg gor thg )?gfesf WC?(ataé §J§1é1§ ﬁm Imferged data, the
simpilpion vhig i eimbiptemthel atogessing pfethe wefarint tigck @60. Véﬂem the ssimulgtion unit 110
simbibté@hdactul 3fate bitRe WhEY LES %efcmeﬂﬁﬁloc@s@mé %}b Ser b refe Me; |

conform to desllg 0 exHWgt atj wever .

f abr PCHPBin aut 5O ﬁ’é?eqbeé’ ?“H’i“ﬁesa‘ﬁ"cgsé 6%%5:{56?5‘?/% "@ﬁf‘ng recipe settings for
subseguegieprockusing mreiyitids @uch tehat bzt futiule gime  ONE0Brdg O2e4s the wafer will have
chaP @Ash@%@x@fi{eﬁiﬁcﬁg5re@§€r&8£d”@ﬂ€&m% ta‘fé%?fofjﬁé/ {mgﬁ's Tﬂcaéfmmﬁlon unit 110 may

reduced as conpared to devices nore cl osel (}/ neetin
“Setﬂé?r‘ﬁ%cfss\ﬂﬁY" a8 to fl’h?egam BRFEHIRFER Qeseftingp fes UbsH ey l&’BTr@‘:‘?“St hile selecting
oth¢r atargedals tha meysallowkh @ vamydilomshes despnslalas.ed i n box 220

i de

Bl 58 S JERBP S o B B Pt g i, 0
simlatie gniiyf 10732y i) 1< ge]*t"h%mﬁl!ﬁ @fﬂercawfociﬁgﬁ frsraHeh ¢aialiqaeg the halo lmplam
pardnietess. [ @eL Elﬂboﬂ@eﬂ’tﬁ\‘lﬁ Iltiﬁ].atldnl’ilniﬂ ne rﬂxaﬁpb@ thé §u& ofth @A@B&ers and the halo
unp?ont ! OIe er r O]fh Ao ete ucﬁ'lgst urc rair? i amg,%rsd y doped drain implant

TORES reg jaPdi € wa o de t I'T e

parzv&netem ﬁ‘dpstpéfd'éft@r Wmvé@rsm% btesﬁxeq # tbﬂirodeﬁér vah@% aﬁpIS@ulatmsethe effects of
chaic® 6:EHE vs:rraslta bﬂ&dle&is kO PERmRAHAR| cHAdcRriftioahd HQhlatRA dnit 110 can determine

t ted [ evyi
progiy T BBy BTG Ak Sl g e S e SRS B
i ndVeaueschaslogyispoputerkidpl dsigs SICAY) enlsiareo«nmmlal(w avglable for performing

the %Etloni @ﬁ?he tsiﬁﬁﬁtld'ﬂ JnQQ'lof qyénga)ly, tﬁch?cm QbfRare i€ Qmﬂ‘u&u’n%fy intensive and
initiate corrective actions. i'f

In 220,
e"ef‘ﬁ"é ¢ éb?ai"% alpReorPyiation- | Reaugsts drerenigrep iy éﬁ’é‘ﬂ’ﬁi"ﬁ‘e‘!ﬂi‘e‘iﬁaﬂ‘?& @mcessed The
partichiar fdsies®olceeted dépels od (A0 typadfesnicohductondegicd betnp fahrichtet] g the type of
peri?!n%ﬁc%scﬁargcﬁh m&g%oﬂngllelal %gé?np‘?aﬁpsoﬁmm}!@ bre TE J}nn@and Medici offered by
rication data i s outsi redeterm n ran
Synppsis. 3o dlounteiy Niep of f-erVation TPl SEER fn Sivacd Tnterational of
Sanfa€CIae SCA il ISBantedrdiddl StrBNErpivedring bO Zurkeh, 5SS l1aid. OBxethplag performance
is retrieved by the process controller 100 or
simulation unit 110 in block 240. The process flow
data represents the default process settings and
target values for the productton process. The process
flow data represents the production process with
essentially no variation (i.e., all features are
fabricated with di nmensions equal to the 15 target
values) These paraneters descrlbe the experlnental
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The sinmulation unit 110 subsequently determ nes

process targets and/ or operating recipe settings for
wa@aigmgsent processing activities such that atPEDIB2003/035435

future time in the manufacturing process the wafer
targﬁ, va éleshﬁYrrr%]aynbéa dlgid ng{uiaﬁx% oc%sg; 91%‘(3, %d%pgettﬁ%st Jlle s?turatlonﬁ%rrent drive current,
rmeqsvﬂlﬁt(atﬁ'mﬁwmmetmqwl qERLS timegrantichissiyangss efEestive chappedlgresh, ¢

fi X TRWirhdtibn REMREHS &cen@a Gelicsk 070. T8¢ ukplOST tHeQmuBtIEHSRA W&H Yepending on

0 | e sel ecti )ﬁ g arapeters that

the I]%gl‘ucu%lr !y%ei ‘%hlmmpgxq(n run roces ?rg%lcte gnle r91xe ver51p r\]'ar{z/igiga telr_sband the particular
per@)qmm qharaqtefristig tpraqtqq Ciq|tbp;tragmtq;rea§mmmdlgcmsedel}ﬁem where saturation current is

tardefRl, FHRISHRRESH Juﬁ)ﬁig ﬁfay in@ludi%ﬁ»lir@ phrdnfersdi d reﬂéi‘éy' §ds& land a‘hEl@ for performing a

vl i e TP FE SRR SRR BU U B e leffegnay be conrolid
by varjohsaatth pajametersre Feresamplen doinhére ganiowlliandnstegse i the etch time will result in a

dec?b'asmﬁl TG M@fﬂ (sz 'ot/erelel'ls) f@ﬁuﬁéﬁsﬁ&ﬁs Me‘ka& Qﬁctﬂ»@é ﬁay%isg Be affected by performing
parameters and t hal o 2;rgfant paranmeters. O he

a “ea?t%tﬂerpgowrsﬁf& PF“%@ used as Bk for e s‘fbﬁeﬁl"'ﬁh%ateﬁé‘fl‘ afte F’@F‘%‘ary technique for
perfohghg lay gatto réntl ethhails nddsmbbdamt g&@terpamarrmt ar.S, Padgnd mnpeﬁcleo 785, entitled
(@&&U ﬁ'Bfa‘t}% P INCE 8 ‘%fs RE TUsHES GARE YRIM CH PROCESS,”
ating ects o anges on the varia
andpwaﬁe%lresemdw rifﬁ@’c‘b@r‘tf Bltifttnce char acteristic, the
Si M Béck @8y, ¢disimulkdiéh Gans deirelyiéu e detephife #9413 sﬁg’gésgﬂtpﬁoceﬁf targets and/or
settmg%wgr Veggbmgzﬁ) at ];ovr\ne%g]a!mppeé }ff 0 %gsrﬁlct(l)(o?lc%n{n ac@gv%%l re%uested prgcess setting, or the
adjysted [tArast eg\ys@@mmsiﬁteﬂmmi ehags, dmay 'gﬁbe( PPSAT) toprogsss the efer during subsequent
proeéamﬁ ad @ngeyteamhb gibluRtidnQmit pev. f &yt r&aﬁgle bﬁ&ssﬁn@ At WP Sn the suggested
on uni t 1 t he
magl(eﬁc ?Mrelstenoélsl% 6‘:1-'% ({d};\ f Paé%e% rsynotI cyr(]) Sé%geld \t/)g thg ﬁlalulatggx ugl)t( élO If the results are
reagpnebe it tdaskl 280, gerpeviBraRStert fronbseRerfUREESing e be perdrmesd on the wafer are

gen'ex@lte@m%lo%ll fﬂdltaﬁu e il LIBAKE 06 rer %ﬂﬁ@ sﬁedsmumen Ruf Q@S gate electrode
00l se

e GBIt bt BP ST E0 0] R PAHT B4 0 “HhAT PR Py suh s e

timper plesmagoee, ©hmhieettey faget aigcab dimagpiop.o rfthe @lokas controller 100 may similarly
calgﬁ&%mlu@sr %r thglmﬁarﬁ ‘B%xﬁet@:{ eW];a‘U I%esmnﬂauaﬂ gut;M? Qéngah ly includes operating

ere opsi s, tain Vie
’“%Pﬁr%?ﬁ%ﬂb"% bl 4pEmareigesty & B g Qe process ermines i
blotk®3@r nat i onal of Santa O ara, CA and | SE I nt egr at ed

Sys . .

LRI RE 50y A 0 HEEh AP PSP B v
b'°€}‘a? 1e Engincering gy deride pelelg ippiymea %f“ﬁ%eFthbprﬁ?eﬁé%f%% Of ppq§estsettings, to go
ahead Gt the s&ggéstem @Bangek, Cor S@ pld¢eathd @4TerCdi Mdt @A tholdChend¥® aCidért détdiled review to

i |. | frequency, nenory cell erase tines,
detgmg'?lf%wgrk i E%iz;alﬁce ef fective channel length, etc. The .
si niheaprPes 4eecsﬂmdt abovgr aloyeferch-foruerdj Gantpsll ¢t ke BIPISmenfysigfor the wafers being

pro@e\sﬂeﬂ) tatsin@fiont Hﬁer%cﬂiﬂu@d b&ﬁas%ﬂmbﬁ&ﬁﬁded@?ﬁﬁﬂh Y3QndBR to dcB\Rately consider the
of si nul atl ocess or

1nt$eﬁéo utlgarn %X REx 1ous é)rrqc%sglvgnaﬁ Lﬂe’f t%e%rforgﬁr %oHtéol a?lgvivsct%ze ' performance
chapauemm@ub e cor@'olbé,rth@rmmeg the arelac tfecthd Ebriicated devipet eBhis ¢nhanced control

caphtiRty InlpRR& IR pRFitBXS TPIhEmeHuf eﬂteHQBel n, where
saturation current is tar rrulatlon out

may qu,lgartlﬁblér eln%qnams cbsgl‘o(s:m.glfcma gre (qlustéatlve %t%lasggpe 1nd81§1 may be modified
andginadti@d gl differdnobut peivialoritniangrsappaleat © thosgkalad inolte ﬁthahng the benefit of the
tea@lﬁlrgmhe 'i:athlfer(l)r[oreexﬁ gm&tgong £ me'i‘&eQ tOQ"l e&g{lsocg @(ﬁmstru-gm oy\ﬁegl%:hlll']erem shown,

gate el ectrode nay be contro various e
othﬁéﬁaaaﬁ%geéqr@ed ipdhe @%ﬁglog Itdﬂﬂ'\prﬁf@reteﬁléengg@té Gﬁl’xlareeﬁ"nbodunents disclosed
abolvé) ﬁlﬁ)eﬁéﬂteﬂem of MEdifidCd til BRh Warlalionk @% Ubisiderdd &ithifil @@ Is&P& @nd spirit of the
mv&lanlgl%)g U\e Or u%g rybtat(é prlgrtﬁctl’on ou%\r etrecl;nhl% ?s sci}g‘t&q%tﬂg aalm (?rorvrv]oggt 28 a

tri metch on the photoreS|st pattern used as a mask

for the subsequent gate etch.” An exenpl ary technique

for performng a gate trimetch is described in

gr eater detail in U S Patent No. 6,110,785, entitled
"FORMULATI ON OF HI GH PERF(RI\/ANCE TRANSI STORS USI NG

GATE TRI M ETCH PROCESS and | ncor por at ed her ei n by

Y - NN N
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manner may del eteriously affect other paraneters not

considered by the sinmulation unit 110. If the results
waem4/04s2as0nabl e i n bl ock 280, recipe paranet epGI/1/82003/035435

subsequent processing to be perforned on the wafer are

20 generated in block 290 afihipisored i n bl ock 300. For

exanple, if the sinulation output included a gate

eleétrodé"w@P?fﬁwﬁFm%lnenS|on the process controller

100 piveeysingalvotkp@tesn gratnefatmrmaﬂetemhloa inclydingen pduratify of tools (30);

par gkl %rkp?éesab&%no%s&brelaku {mhecwocpsls@gsrra power, to
achi eve target crjtical dinens

o onSng et saPE B A TR RSP ) ) B SR Ree pecsion da

hal greditrink atitastpas @oveds parametcv\foe the futinepreessing bitsedon the witmplating; and

act I%Less\fn tﬂ%oﬂ{ﬂ? LQ%SJ &bhd W the foBF b@?bapéa ﬁ‘[ﬁ@%r@ﬁléed ﬂr&@ss parameter.

pro ess ContTo 6 may not need to

cal cul ation. The process termnates in 25 bl ock 230.

If the s :rmathal_idde claighSIy lwh&exﬂ\@d'eﬂlctmgkheac eapomipkceess parivhemee Kor the future
pro%e?sgdg éﬁl%;f Pc]:(gn? {rflseg 3)1‘ lec{mg dg qgaat g[‘-l% gc&f Qe%&gstsl %ge% q‘or . tﬂe ﬁmlr 9 Sllf)cessmg and an
0p%@@@m§ﬂ%@ﬁpﬁ@d@§@tw&@@bt or process settlngs to go

ahead with the suggested changes, or to place the

\ész : mo:] g fneﬁx o? Lc‘ijai elg gllglit I I‘agf)tgg‘lrsgédﬂeﬁ}]u altllﬁ%e Q:ong Gfetede proEe?smg in the
magléswringredenalhO\besedibrl thayworipieccifarisatigndela yont rol to be

i nP Ir&{@?ﬂé Sgcefscﬂowtd?@as%faﬁa Fitlo®é W(gkpl&ssoc essed | In

situations other techni ques irica

nod 81°TeHg ! the\)\”ﬁﬁ?‘&“kﬁ"@"ffﬂ%[’oq B “i’tgthSBr(‘?ﬁﬁs a}f&e’ I‘@Bca%s i der the

i nt simaktingoirdutive prvpssmg bived ancthd ougsd getwcess vari abl es.

The feed-forward control allows the performance

characteristics to be controlled, thue@greseIVJng tEF :

val de of PhBethodficlaint bvharelpirecai¥ing 5 wOrkpisgrfARISHIOR H3ig fugher comprises
recCigipa i 1basit dhe ofrpetgg dith &ssqeiael iwith idiel wotlgowcn‘ antl Ipepcess data associated with the
prongggéﬁlg g)ellk &eWa%Fegsm %gfthg’tgol;r(!a@) part i cul ar enbodi nent s

di scl ose ove are iTlustrative only, as the

invention may be nodified and practiced in different

butsequiwakﬁammwannﬂnsma@pﬂmﬁnmgto those skilled in

the art .h t he f ngs herein.

Eur £ ?]nép nlxﬁgﬁ}{ 6)16|ce fabr{%zgi% atta tg Fltema?enmhe%gﬁgét o the

det aimulgting the detere rprrseshingm remon%s'io e Mekpipss fabyisition dat@ibgiag outside the

than as @ea&dmpesig the clainms below. It is therefore

evident that the particul ar enbodi nents di scl osed

above may be altered or nodified and all such

var iéat i orfssysene(1@)osesipdéinged wi t hin t he scope and spirit

of talﬂﬁlrahé'Q)f ﬂoayéﬁfdo%urem%%gﬁ znﬂd»rk/plecg Iaﬁi pr ot ect i on

sough herei n |s a orth in

30aahaD il %f?ﬂgffo@/rﬁgg’&g@rka_ﬁ %}glcitlon Aatﬁé{fehed dto fhe processing,
corrpr i Si ngpulaprfooe ysicessing fonte kyprkeces haped zon tenwdriadace) fabriggtion data, and

system ( #Qe)dlcf Bcl!aagtd(lmg Qro@esp lp&fﬁrﬁétértfyr tﬂé M@F cegs?i@)based on the simulating,
retrievi I ece brication data related to
Hg]erels agF

t he
processi epfl) P'litqf H‘ﬁ tpql GP)es pRNGRIERISIP REpCssh e Pi"@rkp‘ece based on the
manuf act yeddiogd prycispamhdd) based on the wor kpi ece
fabrication data; predicting at |east one process

parameter for the future proceSS| based on the )

si mit at i e syaterl (10pplostain & whgrein s siipfaliqs usit 61 101s fther gepdigured to predict
at 1003€on® bt alphRest ARk Sor(tRRturd Bo@ekirAnd MSp@PdtiagictipErapEOCBSEe tool (30).

paraneter. 2. The nethod of claim1, wherein

predicting the at |east one process paraneter for the

futwre Ie prtos 93 ofivlyinf 6 whérein the gprplatiog amit (b 0 éifierthpregnfigared to simulate
corlnﬁéccdt @&?sm%fm FnePh DGRBS Fink 3Yseal b:d‘sé?lr orl M€ wokkbidéeCtabrication data by retrieving

processing and an operating recipe paraneter for the

tool (30). 3. The method of clgaim1, further

conprising simulating conpleted processing in the

manuf acturing system (10) based on the workpi ece

fabrication data by: 15 retrieving process flow data

associated with the workpi eces;
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mergi ng the workpi ece fabrication data with the
process flow data; and sinulating the future
w@raapsweng based on the nerged data. 4. The nethoUs82008/035435
claim11l, wherein receiving the workpiece fabrication
prockad ol datal dseciatedoniprthe@ekpied, ieBghey thd wigkpitke farision dewiH the process flow
A ] | rkpi ece and
d“%?%%@ég %§§&§§§%%%§#§%§§f¥k£?ﬁ%aﬁ%%gcessing of the
wor kpi ece in at |east one of the tools (30). 5. The
et kod ofThedyabrmi(1d) offcliint 6)evherei e Wofkipia: falitiodtiom Batd WrtHeNEdmprises at least
one, nll( IolgcecgaIaaaerol ictéac} I 1‘&{] the(::I %E)r ilc:c% afd Frr;)ceegsec}agrarsrs]oga gd vrvi?)ntge rocessing of the
25 ‘st nmutat’1 ng t'hie’ fut ur e processi ng responsive 10 TR
workpiede it & teast prgiof theteels GA)- dat a bei ng out si de t he
predeterm ned range. 6. A system (10), conprising: a

plurality of too 3 opfigured to process a
mor&@iecﬁ?eﬁﬁﬁmébﬁé&§ghh?agp%%cﬂWV?m¥ifﬁ?“ﬁéﬂ??@ﬁfga)“mﬁgnaim
contpgrertiet workpiee abridepioredia tb alprédetarmingd ralgd, and wheatiretle sigulativg unit (110) is
funﬂérQGrﬁ%&EJ‘Q’simuﬁ'tem AR ptdé&skiﬁéar_e%%?v@ %osthagorfqgéce ;"abﬁcation data being outside
wor kpi ece based on the workpi ece fabrication data, and
the prefefirpiredpngf-aast one process paraneter for the future
processi ng based on the sinulating, wherein at |east
one of the tools (30) is configured to process the
wor kpi ece based on the predicted process paraneter.
35 7. The system (10) of claim®6, wherein the
simulation unit (110) is further configured to predict
at | east one of a process target for the future
processi ng and an operating reci pe paraneter for the
tool (30). 8. The system (10) of claim®6, wherein the
simulation unit (110) is further configured to
sinmulate 40 conpl eted processing in the manufacturing
system based on the workpi ece fabrication data by
retrieving -8 WO 2004/ 040624 PCT/ US2003/ 035435 process
fl ow data associated with the workpi eces, nmerging the
wor kpi ece fabrication data with the process flow
data, and sinmulating the future processing based on
the nerged data. 9. The system (10) of claim 6,
wherei n the workpi ece fabrication data further
conprises at least 5 one of netrol ogy data associ ated
Wi th the workpi ece and process data associated with
the processing of the workpiece in at |east one of
the tools (30). 10. The system (10) of claim 6,
further conprising a process controller (100)
configured to conpare the workpiece fabrication data
to a predeterm ned range, and wherein the sinmulation
unit (110) is 10 further configured to sinulate the
future processing responsive to the workpiece
fabrication data being outside the predeterm ned
range. 15
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