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WO 2004/ 019401 PCT/ US2003/ 021287 METHOD AND APPARATUS

FOR PREDI CTI NG DEVI CE ELECTRI CAL PARAMETERS DURI NG
WOABRI@WDE ON TECHNI CAL FEILD 5 Thi s inventi onPCEIUSR@S3/021287

generally to the field of sem conductor device

manuf acturing and, nore particularly, to a nethod and

appar MUBHOD ANPrAaAPARATHG FORERFPICTIRG PEVSE B ACTREE AL s

during fabri catigyhamBARHERNARBRIORTON S a const ant

drive within the sem conductor industry to increase

the quality, reli abi ity and throughput of integrated

circuit devices, e.(q.; TRCHNIXIoEEEDOr s, nenory

de\ﬂlg %ent%ﬂ q‘elgt% g%tnbrglgf toT ésﬁefardfvs%mic&xducl& detigd ﬁgnu@éturmg and, more

consunmer deman g qual ity conputers agﬁ
partigulagly ttq ypgthod drel AppaEsus e ate F%l"t‘“é elygyircal Rametens fyring fpREcagon
demands have resulted BACKG(Rmnlemm I nprovenent in

t hq“hgﬂg rl]suaf 9o%gtaltjn[c %nve \i&’lﬁ]%%g Qerﬂﬁlc%ﬁ&u%r 1!r}p %Smcr&segthe quality, reliability and

transrstors, e nmanut act ure
throughnutagfrlanemedcmcwmietwcefew C BESTIPIEBIOFoPamIT devsca%z ﬁnd the like. This drive is
fueleﬁ b R§HsSheP BSmandsA0hifteORRlity YompuREUGE Bigctohie dd}&feﬁﬁit&)pérﬁte more reliably.
Thes.te pgwgg glaf%era r%%l édg fgfocz\?\%llrﬂlgal CO v(e)nge\e;ler aP orfrl%nggltt%e 019 %mmonductor devices, e.g.,
transfstossn 9¢ Stebrasaig the [nangdastureh ef dndestated f it éiyl*ca% éﬂ(’fé?f?t@al spich transistors.

AddHEM] 13? ?e%?dlﬂngcﬁﬂﬁ@inl thOmaHEurk B@tH@éoﬁﬁ)@ffeﬁts of%ﬂﬁin&ktbr}/also lowers the
a set O roces

overgl gy PT By o1 TyP S SLEFRY FBU G e PRAT B, rsisors
phateadrillyho gt ap pypcstimepyoms g5, pedbroled ool vafer deipns |vmetyrpf processing tools,

mclutdﬁg Fkﬁ)toll{ﬂgérép?? LOderd, Q@A Rols rd@;‘b'saﬁ‘ontt!?(ﬁsr 1lsh11%r t&ﬁse fpid rt’lﬁrmal processing tools,

antation tools, etc. i ud
implpgiem PRy ngt (e spwtas fPobnPEY e BT A 8?18?0“&9‘85%%"&5% ine includes
using & factorly Wide OS] syt PGu@amitialyepyrolthelepertont af Gle varioss meressipg tools. The
man%c%ﬂ@%oblg QAIILI%JHIIQQQ gv[FﬁJl m&ﬂﬁc&?}% rfﬁ{név%?k &f xIe%rkV@ E)fogééﬁlg modules. Each

SI ng acturi ng t ool s conmmuni cat e
manvtquqﬁmatoﬂawﬁea@w?qn?@edﬁ? SHFWBIPSR! BT L g RTeg nertace 1 comnected o o

macihOBRERE WYich B k@S .cofnagitatZils Bawish aet anifaguring ddol jagl the manufacturing
a0 A e ERMIEAE onl ncily BOMAIER Lo kL L AG SonebAPC) sysom. The

Interface 1's co
APq ystest isietes antonteoh scripichinterl ppam @snapwipiing wedeh BREh 58 boiof it grogram that
autoﬁﬁ[&blfy@@th%si tﬁ;ﬂdd’taﬂﬁkde&ﬂdﬂx&dﬂﬁ aﬂﬁﬁﬁfﬁoﬁﬁihglpl‘bﬁg dfted r@Nicohuctor devices are

stag%% @8{% 81&1t151|9 Blé%ugac{ur (ajg(r:]t{?ols \%\tlg)n e;;rdacess S, egergf_ﬁ% Elata}aﬁ & to the ?nahty of the
processédiseraicaductpr doyivey: dire-preqesspye absios eeﬁt-nrpmﬁma metiplesy dete EPrSPR?@ed fo process

cont/BREL lor tﬁ@hbcﬂ:sh @iﬁﬁtu@ere@pesgﬁf‘ain@@r@ @reQﬁl&Qz[t@myttﬁ@ﬁrocess controllers based on the

perf?a]l:gltﬁlt(}?a 3)t8{ieu Iar?dr%e IrB?Gt%) ég \él S ttlfng IT,]o a%ergqlﬂt% %cglave C}%OSt rproaessm%resu‘?[s as close to a
targ@vguc2b pessibige Bedubingovagitionnin this ghr@eqtaqdyifoat@(egqed hepuehpnt redycey cost, higher

dev1@é3! ffbr?llar%e Q{cogl?(§f%§h ecﬂﬁ@@ruﬁl;ebs@gprgﬁﬁtﬁh@ elating to the
rocesse sem Cgen uct or devic

q

B ot BB ST e BT B8 I O GE TFEE B Oy e o 0. The
wafdrs inSdpyptichlediot gbn@ﬁll}@@ﬁﬁlence d1etserod precessing envitohment. 0 &l me tools, all of the
wafe%) %r alu 49 Blrogbgge{) H§§ hﬁe ﬂroﬂlep ﬁ)'olg 'tﬂeazta?é#s Ry plto&@sed individually, but

ers ase per ormance nod
udgytendHoTy GF obpe PR RO “tctﬁe)atTf/@?‘?ﬂY a4 LR ésslg“ed a priority
in ﬂfé@éﬁiﬂnﬁh@ Gﬁlﬁ%ﬁic@gng' &8¢l Erbriggsnag b@SﬁgnEd)mﬂhe Hagls gf@tte nurabberief vaers in the lot

riation in this manner |leads to
orlt%]%rs ates Olif'r)](?erlmqu l(%{z%orexagml?geed cost, higher 30 device

per Aoy miﬁwd@r praseseing steph fhe gfatiyghisgigned quP&‘fl@ of gll thy dqtsergagy dor processing are
com?ﬂr&f | {20! rhl%é/ are bpplicd b Yipke@dle vheH10€ B8 GLEHIO lotsf i kldeted@or @racessing. For

exalayg |fc6 oy lotﬁ-wg tﬁé\%fng E)rgori?ynt goléeér ?thcle P sgs o?‘tlexp ielectec? ffor suh%%er‘it%rocessmg In

the expeniterioef whies Gameenprlbdedsinag reémd PUEHPRE Wafellsh the dpjyis subjected to one
tools, all of the wafers in a |ot are processed
si mul t aneousl| y, 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
beg| nn| ng of |ts proceSS| ng cycl e. Pri ority may be
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conpared. Various rules are applied to determ ne which
of the eligible lots is selected for processing. For
wexenpiewifor two [ots with the sane priority, PCNAS2003/021287
older of the lots is often selected for subsequent
processing. In 40 the case of a test |lot of wafers
or mpje egperimepiah proggsding step%oru@glmgdjasup@&u@ aiyatisypHie fmpggve the performance of the

roc%gﬁﬁesaerfoﬁrﬁﬁe bbhe leSultsid BivRed Qﬁfotr&oﬂrﬁlencmg %roﬂ@tron of regular production lots

04/ 019401 PCT/ US2003/ 02
usm%‘gﬁ%}gggqeﬁt@l pgrf'ngggrs > s ysel ]]t%é“t teast t‘ﬁ% 'ffggtw rrcf:ssl i g rg:]han%ets Qasedton the resulting

chargcristiopefoheevafdnein tertésblohaiirnes, otesttlbtevouls e e%gsed@rrelettrely high priority over
otherpﬁ&fuarog?tﬁ)sc Suck fhattlﬁ %ro(:&ﬁxk&f i @Jﬂpleﬂa@ Yﬂoﬁ:eqﬁrcklgefl%ﬁless of the particular priority

conmenci ng production ul a lon
wRF G A Ok STT REFOAl P G eehnes. 1 PO fpgoutr fr dossno
typidhily chtingt éging tith gro@fsdng cydley enles 8s ana‘tustchmge@ ramdeisg bpreddtiariot to a test lot,
foret( Jesulting characteristics of the wafers in the

|l ot. Hence, a test lot would be assigned a

r e | Iglflpg,téq: 9131}9?% pﬁoposbyquov eyRpis may; takg IﬂaéF th %@F P%ﬁmi‘aa‘feé’f the devices
bem§ Eh@hcafehlatl“hdt fisS v e §Sthd) Gbriication piqetse kteyd resdlt & dpvice perfgrmance variations.
Factors %uch a€ 3 eoc{rlt gall'] gl}ngnas{eoé% %ﬁJu%rlf\Qfsl c%rrtlagt ¥esist§rﬁ§ | [gglgg @oﬁamination etc., all
may ppogeeficalli rarﬁquﬁ e epheerforiapge; ofythef eacepaPsrltemaéﬁ typistllyggeksd by a grade
meaﬁﬁnenttmh@ﬂéctlyelﬂ%&ﬁﬂﬁas diharg vdlleS IdeRER 6 H‘@erﬁiydﬁh& is graded, the more

I l{)nltg d(s its status changes from being a production | ot

valugRs B WEY 1 ot, for exanple. During the fabrication

pr diemss of the lapasgphes pf Varigbiey affeating aghvreis Perfamangs dharagieriste it is difficult

to pﬁ@@tft&rg%agﬁhleewEJﬁlo% Ylie%&*?ormﬁ]ré)oftbﬁbtﬂ&l {eabéd tBdeQiths. WAt electrical test

(WEITP'I maa\é/@%%egtts Iﬁrg ?3%8%1&%9%&?}’5“{’(” (1):{1:: q?%%sgercli v%%o Cuferté rqgi?e laetg mﬁhe%sbncattlon process,
sométip@t unt entit weeks afat thelprowsrsdic dasseencropplererl. | Whiealose or gnoret adighe processing steps

procﬂloeesrbsﬁftrﬁg]\gﬁers Ra'ihd WEE neRtAEsNRida e Bre uﬁa{c@eptablaltile resﬂﬁﬂg wafers may need
potentially affect the end perfornmance o

to bb‘ér{i‘ip?_?és Hoyéyer, ?ﬁl?e(f%ﬁ]aliltsyﬂe themi og535ing méqhtil'alée go%g@ﬁﬁcéeﬁé?ff uncorrected for
a sigiificarh tiafefpeddd, Wediys tethay ntrmgsd whfsrs,nmawck etasted neterial, | and decreased overall
thm%%_ ral, the higher a device is graded, the nore
al uabl e t he device. 15 Because of the |ar ge nunber of

varThé Breesst nyeptinals ‘H‘@"t%i’ tH QYFFORing, %étrltagr’ FYFipsethe effects of, one or more of the
profidiR kA EkBEbosd. i ¢S, it is difficult to predi ct the grade

of the device prior l&e([r, Qf electrical

tests on the devi ces&%@ ectrl ca test (V\ET)

e a@ngragnee f e Biewntipysition s sgenribt mpskadithnt ipelides orie Shasasisrgics associated
wrtthtﬁic 126cSssidg) bfl d serflidériigetdr dbvice ledllettbredufimitsi fAbBIt AtiOM ApVRLESSyitial characteristic
valugs assoc1at'e'? Wi hqget sanl’rlfc]:%qucto/r\%eevlfc% 1sapfr(;V1edlod t'H}e ?c{t]o(i) ?s%?r?altela gv1t£] asleast a subset of the

ocessl|
collested Iglgiraclpms@q;u & lepsh ang| eteptngil gtnxfa@o@th Hie sagrﬁ@pnwtpr dev1ce 1s modeled based on

theﬁmﬁgcw@&&ent s indicate are unaccept abl e, the resul ting
t.o be scrap
B N

Thea]ntd stoma dogonfiaoted ¢h fiaye chaqcteristpsiof # m@nduptgiedepeq ¢ofletted during its fabrication.
The! ﬁéﬁc‘tr&g urhiCis "Eeure & ft@PRﬁ e We&&sof Wgrlch%&&ﬁ‘tﬂ: VAMe€ hdséthated with the

SRR N At ROtEC B BT BT 104 SOl s, and modela s
one kledhital chgactefigicef heemiomligtordmdcebrsedrtie wflatddivectorpr obl ens

set forth above. 25 DI SCLOSURE OF | NVENTI ON One aspect

of the present invention is seen in a nethod that

i ncl udes st ori NGRUHEPEIGRIPTION QETHEDRAVRINGG with the

pr ouas&vleln@n ahy Be S0¢RL60ANDE wEirake @ahs Blbwigldbetitel takkarih B@junction with
e 5@ ST b o MR s et AIAEHE blei v

provi ded. The vector is updated with at | east a subset

of the collected characteristics. At |east one

el ectrical characteristic of -2-he sem conduct or device

i s nodel ed based on 30 the updated vector. Another

aspect of the present invention is seen in a system

including a data store and a prediction unit. The

dat a store S conflgured to store characterlstlcs of a

L . o -, r 1. 0 g =
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The prediction unit is configured to provide a vector

of initial characteristic values associated with the
weenmanguct or devi ce, update the vector w th aCTiisa®B/021287

a subset of the collected characteristics, and nodel

at least 35 one electrical characteristic of the ) i

s e Rigwo  ductioplifiedblpdaliisaged 2 grnufiserimuste i apegdapie with one illustrative

emboﬁﬁ gigftggpsggﬂtaun@m, OF THE DRAW NGS The i nventl on may be
gerst ood refer(ﬁnce to the f o‘?h QD1 and
¢ aRetre? sl B BEPorEL T pe ok B BT S g
i NFighte Ghs 4 bikglifie flew diagram nfimmethddsfor Memmg %Vicﬁ Rlecmcal parameters during

fabr1%k§ur[%§%%%a§%qugtl ﬁlré})tﬁwfllﬁsl?rat;vg gxn%@g%ggg%l@ﬂr%q Jnvention.

di éi\gvlarﬁﬂeoflnvsptlﬁﬁrfaf%ﬁcf%&bkn@ SOOI A ooy frms. specifc
embc@fﬂ&ntls thbresrthiiva bbev @howﬁﬂib@/dy steximpBfin thddravpngs seddre herpinedgtciibad;in detail. It

shoultd ﬁg Hn%lgrrs]té wﬁ‘eye? Iﬁcﬁ[&? he dés@r%tlpri l%?elﬁ (8' :s%glﬁeéﬁl%gm@ntpg Elét' ﬂéhdaf to limit the

invergiors fonth¢ pﬁlr@]@t fopt@myhg:kloa@r hqhoaftheacomg)a l?tEﬂnO‘b sagiceyet ﬂbmodlﬁcatlons
equivdRNts, G8d ﬁ{eﬁxﬁtﬁ\feé Bl PAKIR Iﬂﬁts@hﬁarﬂ liEdpE] of thd irfvaltion asadefiged by rthe appended
accordance with another illustrative enbodi nent of the
claim§r esent i nvention. Wiile the invention is susceptible
to various nOMPPEGAFOBGCARRYING OUL THHY INVENTEON s |

S P8plsthdtiGe enfoHRAGSTR He Savira6i @@&esd’ﬂ@éﬂﬁbelbﬁ T thd iftest btyclah@ynot all features
of aratﬁlg}xi?np ep?ntaltlgrh 'Ebrg ?lasg:%l%\c,imdrﬂ gls rsgeir(]n 8 1on ha Weﬂ\?/ Ié)? co(%?% % la Eeglafe@ that in the
develbpaent boPény Gnehivemai embodimenp aoindrus llem@maﬁ@rﬂ)@lﬂ%de%‘tns must be made to

achi VQ {hg lag)gl peﬁ‘s sﬂeélfﬂ éoalts RGch ab Eﬁﬁﬁ)mﬂb@\ﬂlthts?st&ﬂﬂﬁlaﬁ& buldi bﬁéﬂe&trelated constraints,
I'scl osed Ut on t e

wh1cp @fﬂb@gléfonwnp “‘i‘?&faﬁe‘f“f‘t{%ﬂ aénﬂtEer %reg\ab |‘t5"’é]|1 énz%pgrematecgﬁat Qldn b §evelopment
effor bight Beadoinyples afdadirhd-cogsuming,hiun woilie neypiteless bardowine pedeiggking for those of
ordit ne L%}tg%g%ﬁe &ﬁefﬁlt Ms chséloslﬂae appended clai ms.

l.ustr al .

A R L R

prov'idad? Innthe_f:‘ NieSkite® EmildRdehtt the naatfacatitg fysen 19 dsadamdd taprocess semiconductor
wafers thow ver t eI n%\%gt? aIsln%P F@ﬁlﬁﬂtgieﬁﬁrﬁlgege hﬂ'ﬂ)hed']{o other types of manufacturing

Speci Tl ta course preci at ed t £ th
et NS GpNETPIOE oS DB AT Bironens of th
manﬁlfﬂcmiﬁﬁlg) ld)%tehln'alh(ﬁm@rth@t it Ekcﬁqa@c infolfatioke C iTBd OgrativeSmanpfacturing system 10
mchggs ac}g% (r:og:\e/sgmt to S’ys\{lgbl%n? @{ gled g)paec%{x}g%& 48 Q@lnﬁerfaﬁﬁg:»blth the network

usi ness-rel at ed
20. Gl smugting,systanh] Octisovikofudesyap gr PADRFISAGY FARSIS B reRieq o gper 60 for

mtertféamé Rk e hetwd¥RbE 0I"}@rmetrbl'bgy\/’tabdlsl 50y BP e &l iBdagtk dulpat charadnistics of the

déevel o r - q
wafer:f %ceissinlg g;?npﬁ)&es 05\%%6P%Q nlélet}re ﬂg)ﬁé%? e%)ithg.gﬁl ’gle Fogls 30, 50 are illustrated as
intetfRite witake ngwdrp?o mgswethecfompmrsjw £0. yhe gaeils| 30, JOrmay msluaf'r ltlfegrated circuitry

for él\ﬂcﬁg w‘itﬁ] fhe Q&\Q&l‘( bé eRhindtil the Hied @Jr e Udhﬁbute%olo Ref arhdntifctirg execution

systprp agéﬂt) Feé\’te{ ]apéislr:e&%thef lg!%lltelavrerwﬁratécg? Q tg%mfg%agmrmg s¥stem 1 bé dlreftmg the pracess
flowt bathd hinufatirag eghteen 190 dTha MRS, setvire7Orreaniidra the u?atuh gf 1 warieyp entities in the
manﬁgcturﬁlé %95‘?5“‘% g&im‘aﬁl RlOH&S S0 Sﬁ)m @&nﬁb@egs%ols @@fnﬁQ Se process tools, such as

|nvnt|on|snot SO|ITT, d@ {TH?V{ ﬁl lantatio

pho’@btbpgr@h{y LeHPES @}-toql? 6@)§snéﬂn topls R pfishing snrﬁpl RPRLRLPSRSS oels, implantation

tool@rbd: Otthb @etrd 196 @So1s050 MayTHe pricasmesient AvotsegudipaskopBEl measurement tools, electrical

terconnects vari f .t he manufacturing

mea§‘§7‘§’?em N elecuoﬁ%§cr§%g§5gaﬁ%%§ eegl ertft formation. The

i 11 ot seevenBih isfRaeides o gtosyes dabnmeltsd 29 gy, Qe Jarious entities and

wor%leéEsQIa bl ¥af8f) ihOG6esS foROTIE ddthaseaand 8baiangore infyphaion ihonegpr more data

storﬁsa% gg«% m%‘cr)ﬂcgg?';c&gl? L& filglcclia ngatuV\rne trrllq stul%g‘lerﬂsa t %%E% lay%xo thlc-lk-lnegses electrical

so Inc es orie or nore
perfortanc| chayactetistiod, JefB0 mewsuphets, wrface oreblss efcs Faintergpee history for the tools 30
interfacing with the network 20. The netrol ogy tools
50 may be used to neasure out-put characteristics of
the wafers processed in the process tool 30 to
generate netrol ogy data. Although the tools 30, 50 are
illustrated as interfacing with the network 20
through the conputers 40 60 the tools 30, 50 may
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30 for interfacing wth the network 20, elimnating
the need for the conputers 40, 60. A manufacturing
wexewnison system (MES) server 70 directs theror@is2003/021287
| evel operation of the manufacturing system 10 by
directing the process flow of the manufacturing
(e. Sestimgnrop@mabihiteniEgacgmmy sl I dFn edgiosdimige @qtaasfoers%dw the MES server

70mﬁpgu%ﬁgggwﬁ entltles |n the nanufacturlng system
i ncl udi ng S

100
be SHP?)?:%@?“ECBSB FogP 3§ ng]ﬁdeapgoces& I%%n?rol? olﬁ)g ?hrata ar. ada]ii%d?ig aWatlcally control
the opdrating teclpéss)f theleppepsétive opls 8o ot Bartlcpleq Hreghgs ﬁg)l Q()g@qyélaverna)m tban one process
contljon? I adéﬂfeg GE S:%ntltop Qo thhMeaGHeﬁﬁﬂgofécxge's pir@fed ,ba®Rll Gon ddBack and/or

y tools tools
MG Op TR T T T
polish GkItiGess SeanRinags @lge abitlaess v dizh Sebpesthichmss a"rﬂa*v)im@ and predict a
pohsﬁm% thAé%%ES%Q%gue%qg Xcﬁ{evegaopokt%olﬁfl %Yée%félmte@r Instﬁé)craée%elq @Ie@rocess tool

he st at various entities
30 is\gp ptR}ptp@Ct@%pr?cess gontrol\}gé]d (g)rrga)y Iqoiipl {hﬁ Etc}b‘fgd’eré%a“ﬁ? me paiercieéss tool 30 based on
pre-di taAdd& $6st-S1CK 1R kneSGndaRyenBitOr Ehe iprob@s cratrélon100mag ng agontrol model of the
Procgsg 1o g tolug)go engrél% r1ts ﬁ%dl{%%n -Il-‘l?eo %ogtg(il’ lﬁf&le‘i’ %y gﬁ X eﬂqﬁﬁéafl‘}dlﬁmg commonly
knovel lgpear of peatlingr tqskiqups: A ceTehRYSLRB st liele%velmé‘fpé@c@tqua“°n based model
(e.g nﬁ@zﬁué‘xﬁ&ﬁﬁﬁaﬁ weighéd @&Qgepét@f ol A860re &inplex Matdlts@ehads @@eural network model,

prmwl?—t o gtgoe;nel%s?_sg%’%gs) de:IJ’ or a (ﬂrcge\%?)n toqﬁéng }t?uﬁ&]e% (PLS? model The specific

, consuma
impleregnlab@esfein moc}ebp]ay yz)ry ﬁ@ynd&gsqg tb;emg(ieblpge@chp\quq ﬁ@ct%t Hsmg the control

A mod@lt e %rc%gss Q‘Mntﬁoh@ mSna?/eﬁe‘téﬁﬁme Z&raﬂﬁg B¥ipél phr@BdterO e Fediiod post-processing

varl%lgxgte IT]gaI Harélf:lgar f%%%][ sti%?rgo q%%emés P4 61{ 8%#1?1 ar tgget oc%ﬁliaofess to?l 30 being controlled.
C onthe @lanufdchisngyysenald may sledichdsa Gilt tlqeifor 1}Oee§i;e’qg{g| op@ computer 120 for
monﬁﬁﬁ% SheSRvicdd R B S fsE § QQL 16 0 1B Yaull aN&it6YOr168 may use data

one process controller ed to.contr.o
collgsisd &y thy é]ﬁ:tr@lﬁ@/ taﬂé F%flﬁahladlfaéec%%epéagg S. bglée falglt momtor 110 may use

varidue edhaads, ﬁﬂfﬂs ettisfia@bptb@sswane! (FBErtedhuigpes tstadleatlfm Eultse Frudtyl wafers may be
rew?f%aS op&raB §cgmhl§s for QMD th ad(hlggme ?a‘ﬁﬁ@a?@'kxﬁ@ﬁ]fortmsé &ordinary skill in

ecelve pre- i Sh thickness neasur%ne i ereater detail
th e g 1o I RIAS SV U e AEHPCEIeT i BRLES L JPeTg» &
lwmmeatures) and predict a polishing tinme or pressure

d hi er or
r eq'Hle rn?anu%‘%uer%g slkfsﬁe\&e 1@ HBREJS epg +1§Bn uﬁﬁ Q% eie@ﬁtﬁ% Q)ﬁsascon‘!pﬁ]t 140 f

t he ‘case rocess IS an etc d
predidties. pleayicels eharaeseristies| Hekvizs Cbriggiednbide mapwfacayiag ﬂ‘f&m 1o based on data
coll2&H ﬁﬁ[ngﬂx@ @a@rl&floﬂ &P ACESSibéda0readd) dasiBRbwohie drédiction unit 130 employs a

mo‘%(lﬂg érgqug %‘nft opd?s%ﬁagtsﬁ:cn ad mEeletrgo{S %agant T (a)tﬁmg b @Etﬁ) og{ﬁgls 50, process
datagfrogcams of thmbce@@ooﬂséogeefl{emméﬂ flagasfrqyy engjofthe pyRcessToggrollers 100, into a set of

pre\%—t’tm' ﬁ@émmlﬂ e:pﬁd daMBk B@ﬂict&ﬂﬁlu@d ©aYakiyus UBEtAE] characteristics of the
I near Ol

com@{gﬁil Id%wce ml)? arecharﬂlav vglgn d?,VécIe g'lfst be fabrliczﬁljag Iar% e%s ‘the-lf)pe%lctlon unit 130
begthasidiefmicedlues {oethg charabtenstesrof theﬁep@p] (:grgt |11aq w1d§h,\:§|p§mv§@;h contact size, layer

thicRhS&EsS ?ﬂ%lantqoge ﬁnpﬁﬁt eﬂergp E£). C’ﬁféﬂl&f@lﬁt V@E@Gﬁay b8 b1 dhSheesign characteristics
neur a

net wor k prin onent ana
of ttlep@ggze nﬁﬂ%‘F devdcie péogﬁals%T groelghof]% ?agrlc]a oessy cﬁfo‘f u %éeds that indicates the
actuéllRlaﬁ}s Jtoided chardheistsgs.e The dotleckd datmsl sebvtitnted for 6w indtfial tidta and the prediction
unltni‘g?j epdtates dlys p@{&{on o‘?%r&@ktﬁ&l g{&ra&é}ﬁnﬁ%ﬁﬁk hﬁ%le‘ie@QlWéeq WS the quantity of the

the contr process

collecpdtdeta firicespses, §@ aﬁ%}gﬂcid%ftt@r l?f?qlfé@ddﬁlé?saﬂsf’ fEPreveLj P prediction unit 130 is thus
ablept%rp?émt Bk 2lettfcal eidthetensﬂ&Sdf-ﬂm d2Cies shroghow e fattricapins cyclEheThe predicted
e isE Beir sl 150 g PREAT PP, GHERERUA B4aRn, and midng
sch(rﬁalmgfdmousr, psngd@y@fdewm@er deisil bglogo i ncl ude a faul t

nmoni tor 110 executing on a conputer 120 for

nmoni toring the devices fabric&ted in the manufacturing

system 10. The fault nonitor 110 may use data 20

coll ected by the nmetrol ogy tools 50 that indicate

unacceptabl e conditions. The fault nonitor 110 may use

varlous technlques such as statlstlcal process

ey L NTN N\ M T o a I L

s 1 .
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25 The manufacturing system 10 i ncludes a prediction
unit 130 executing on a conputer 140 for predicting
welewindoal characteristics of devices fabri cared/usgno3/021287

t he manuf acturing system 10 based on data collected

during the fabrication process. As described in

gr Batdiribaenal the pokasine anh datpiiate Snpims ypngst g oifigyep cagRers 40, 60,
70, 8@ 126“1@@1s g@rﬁraﬁl? @Jﬂl@\icgaﬂeo ﬁrb@&e m&éﬁdﬁﬂeﬁh&r atl Qerthal idfornBti@hstds Of course,

roo%/c(9 ata from one rologytools 50,

dlfferEfFB‘E‘E’§r§° mPULers 4ng gL a’ifi?“g‘inﬁmsm 0E&d ool s 30, and/ or
CONti reaémpikay anfbrdtinno erehange mhiepl]greé&: gensrol damevesrl élr@bli(fﬂ use in the
manuka&‘%r?ng P/s‘?fe%f 10fs aﬁ%dpé'ngéﬁl @H)@e!sé/ Cg@rﬁ)leg @Cpﬁgned@ﬁ §ich Hsaﬁldjﬁﬁ unplemented

ates predicted val Ue,f r various electr

usingdhesFaipbeeritat piaedly KlifisTengq, nIB(f e }g a&glvt sgséem P&} egnconciuf::tor Equipment
and MA1@RIs anteletioe (JEMIS Conpagi hegttad Maalfactuced (CBV) bllﬁmgre)glscomphant system

technlglg%qespr G Ghde® “Rh&m%?‘%roe%é?%ﬁ%l Whbd) elghahd @ﬁk YSSMI E81-0699 -

characteri st evi C
Provigiprt $pecifigstiensfor GIMIFImevoBnPesRan %'F%““rF)aayé Rl (sl Q&R Provisional
Speciflf:'ﬂiéil)@fcﬂE COP $@mewdiPA dafice®Protegs)Contidl ﬂoﬁxpon?rhﬁpew‘fcawhi are pubhcly available
& ¥ﬁ¥}|es may be based on the design characteristics of
om device. As the device progresses through the

f aBettigabf bainpmbeens corgwpprdingletaist deseinsion FrnpiFseptpp tegpsghd software, or
algor‘tlli}ll%l o] @%ﬁdg@l rept @b Snsocﬁf prl@tfﬁﬁs ©h &ﬁﬁﬁlﬁt@ rvithini £ Somphtae memory. These
descr%:?}&lsteaﬁct%reeﬁrfsggt}at@fls} %ﬁt e 8?168 {by _u['é;%l thos(a) ;{ (térglga ' éﬂﬂpin% Iag(t%lhgcﬁlvely convey the
substhive ofsthairotark o @thers hberdigareskillse the Srt ofn algpaitherp pphederais used here, and as it is

used %&\é}aﬁﬁ is cAﬁ:eltlgﬁo gy@&ﬁﬂct)ﬁélst@ﬁt sdaliéhce &Q{ebsﬂgddﬁig tdkBdeired result. The steps are
i'ncreases, the accur d val ues al

thosq rﬁcbllxrgbg égysmall-le@mblfl@ap (3 Ip%yﬁlc% ﬂ?aptltfg ?ualfyt ﬁlou notbnfecess?nﬁ cghese quantities
take PieEfding tof topizale leleatidal, malmagietie sigtalsr Gapdblecef kpingtsthpeedd Egusigmesl, combined,

compaPJEl e '88%55 m&ﬁgt)erdl Qtaﬁak Qﬂaveﬁyz&lv%lenjtlhemﬁg %ﬁhc@ﬁafbdfor reasons of common
rl cal aracteristics rm}’/rg‘ﬁ)ﬁ ?U?SG ul b the like.
st PRSP B RS B oS PR, SRR fE pombes o
detie@bilObs, boadadn sithid Ciowveyer, 413t Blodigiaisel and gimide ¢irs o to, begssogiated with the

apprgpla‘%t% léé%lgag gyaaat%g g@ta ege% ('%h‘!'emP‘E lla%Ws appﬂedehng Qﬁ%&ﬂeg 4@11ess specifically

“The di’stribution of EVOCGSS N9
stated ratherise.a 0% €018 aRgeA it Aot} B Sisfg &Fmy PG 6? fIPr e or computing” or

“caléafd EF‘&teﬁﬁlan’OQr “dOplayBi@; orl@E Jike] 4fferit® thy @tivn ahd yrocesses of a computer
systq(l:l}(,)lp)r sruﬁ,@alr electrom r;:(())n\le/dugu& dev1gee ngg}ga%{f)gﬁtfe$ﬁlq tl%ns@o%ﬂst &a@al repreanted as physical,

cour se erent nunbers
electomiTpuangities vsathld thgj cPMpLYRE BYStER P F%ﬁ*@’é rpivhpemasisy ing @thgisdaty sinifarly represented
as pﬁ%ﬁMuﬁﬁMes'vﬂﬁ‘nﬁﬁﬂ@&dn@ﬁteﬁé&ﬁhﬁﬂ@ﬁor&@ dr pebdEee D8 othaniithoihformation storage,
framevvorgl suitable for use in the 5 manufacturing
transoyission o dpfay CVIER- Advanced Process Control (APQ)
f r aeBvingkoow suEigura g, arsipplified plagH Etgam efp Pogfiop of the Franufacturing system of
Flgugplt @F%%ﬁeds Yigd ﬁ‘me%ft&ﬁ Q@Qo&%es KhaftrsT0 G&Br,dmk fCan opdiging recipe. The process
Cat al yst systemu an u%tor

tool B {may Pl‘éﬂ l§ g smg@ I,chag{%Fro(ﬁ ﬁlmq;k tool guiﬂ?e mettrolo%yat?cq 50 measures output
charbdadnistica 61 thid' watgys pradebded iﬁrt}ammﬂs k)obiﬁ)n:p gquaqn{he gﬁ]gapye«pﬁthe process implemented

by t%e A%%l)gg &9 E@ST@%trblg%\#ﬁ%Qgﬂehg@bﬁqé/ RARFRS RoPSRss b@@ﬁhﬁefd@& the process

Er ANBWOr K
contsyercliop for dynpmigally ypdagueNePERERGICIPe B%ﬁ%?fﬂ“ﬁrt%% ?¢ ‘86?%&?6 glgriation between
the ﬁﬁdneﬁBﬁpﬁtSﬂdcteE@lBaﬂ&%get vaRie 6o s icloanegleristi®  Speci fi cati on

forThce:I 1'}/' lﬁrcﬁ‘aracw stics ﬁ?é%ﬁa%g ﬁl Elret‘P& %oo%ef glso E@m% rfHe)predlo::’uon unit

speci’fi RECTONS are aval Pr om
130Fibr 15 Gmspdsfingt Feprpdiviet Pofie Aiereb Ffla@gfﬁr&ﬁﬁﬁ gjhed%etvﬁ?sl Wfthe wafer 200.
Altlfgﬁg%%ly%é QBC@J @olpifoaﬁa&? Rie@dlogly ool 60 B8 sinfwnsiafah \aatab fabiaation facility, many
pm%ﬁqg(rg%%x &@Befrglo% t{)(ﬁs are em@%yeg p[l"ﬁe &ﬁ%ﬁ%ﬂ; s ?gfrecglpgrn?e'ﬁblggfsdata from the
variohs ST oIy it s ﬁlﬂﬂafﬁréﬁ‘?EQ@ﬁﬁe&tl ons are the ones by which

those of ordinary skill in the art effectively convey

the 15 substance of their worf to others of ordinary

skill in the art. An algorithm as the termis used

here, and as it is used generally, is conceived to be

a self-consistent sequence of steps leading to a

desired result. The steps are those requiring
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20 usage, to refer to these signals as bits, val ues,

el ements, synbols, characters, terns, nunbers, or the
wOizk@/019401shoul d be borne in m nd, however, thacTalSk0sn21287

these and simlar terns are to be associated with the

appropriate physical quantities and are nerely

coffeprediciion WEtSP snapplpd feesiye e frore die pepgesh topk J0eqy fropyPRses (not shown)

assoc?a@e%%nfl kife %Hcéés toolt al @&r&ﬁghﬁerp\(’dcgsﬁng Qlﬁu%eﬁt&x@ﬂ@&&d%& tthe fwafaN200 during
e di scussion, ‘terns

the fﬁb&lm?rp(ﬁﬁ% Eéf:mplar% BPeEs cgitallrﬁ ﬁe %?mbea glieseSIrlrﬁ,lQ:ham%er tendl%erature anneal time,
implinel s liaplann glerayy plishe ederdycprocessing time, ict [de a@{hpt@n upify 0 may also receive

data oﬁ)lctﬁegg g’essozonﬂ‘olfép TOHL B Eerdn Y 3 e@ﬁhg Rcip® lsd¥ilg@ ised durmg the fabrication
ectroni c conp uti ng devi ce, gtIVélglFu ates and

procth AR GRS G T SR Eheam oF B QY R pyrameters. The
proc€}sl addtrbllet @G0 MAyt ﬂ'ibﬂﬁdetﬂikﬁsemﬁgﬂ.’fblt thase pargtegd ig liee off sstuarpocess data from the
procggg 00 r3|0e§the{}§r90e§§tclax%rol ﬁtnﬂir ejtﬂg\;a}{leg & Q&ﬁ)ﬁ@@:ﬁeﬁgndnﬁﬁs estimated and/or
antities wt n e conputer system
cmmnéﬁwvﬂ@9w9¥5%@@ﬂ§&@9s or other such infornmation
St afh@@iBrologl ERNSUTHS Hiobeds 1061 30l afPthayroceytonesler Refiay bd mafyred to as data
collegtg;ﬁltu%i nc%%%%ilx}ghdea% r%sa‘sﬁm?sf ﬁ‘rt?entgbqlsc%)? %}(thg %eﬂ%@ﬁb?lg c&?lées on Ith§ wafer 200
duringrits {ebiiketdon. The process tool 30 processes wafers 200

ac %rsgénrhg F fg@re anne El%ﬁléﬁoh ﬁlﬁlt [ﬁ@h@ﬁys al, ﬁ@deﬂﬁgodi‘agﬁés 122tted bredfls electrical

char:tc&gftlcss@f W?%FF g?ﬁa&cibyt va 8?8 Sg?flﬁﬁg énsah clleél vec%or @rggg ) fabrication vector
126.c ierdesignoritatlP4 epefentt the injtiaf defaglt Fira@gtergsg@d)rqdﬁermh)éd fgf the dayiges (ie., the
targét Qﬁhes %Q- th@pxgakl% ﬁr&:@ssﬁf E)!eﬁﬁi‘&ry p@lfam&ca@ uﬁﬁl@eﬁﬁﬁ 313 design vector 124 are N-

r S y
el g eeeeeh sy TEHE (LD G ) T S S0% oR5° BRkBER N agpone i
dopdd@lrdhh&prxﬂt(ﬁNHSB) dos) NT.PD ledeegy 44,GBanhed denghy, n;azm:r(yaqith )polys1l1con gate linewidth,
uﬁ‘gé’ilé Bg}gnetté?sedeg&ﬁag A ea&rlﬁl%dl Q@nsﬁ)lfct bhe trEHsQlGﬁ%ﬁ atré)&tablﬁged based upon

to reduce variation between 35 the neasured ? ut
PrevioNs, PUSBEEIng §{lqv§ed§"ﬁdAgd"tm&i’lgoétdlf(?ﬁfflh@rqﬂtﬂerst iy be utilized to describe different
expeiiadtélcdnefc8t | C. The out put characteristics nmeasured by

t herme a{brlgatlglgyec{op %6 31.8 dEgBtXe allaé(gerﬂgcs Q?sﬁéﬁgl \Ll?l tﬁeh@ewces on the wafer 200

use I n p at | ng
ot e etiesid SiTse i FREORPBEEY (¢ Eal ey A8 FIEE P opfonfplde. In one
emb6@MénE &% n@deling engﬁﬁflﬂ me?§¥ the dAlgh heatog 24cind the Gibrcafimoe@s 926 each time it
predfc(t)s(%ile e?ectflcal dhaf%t%rrl 91cs gr}/anot%% em?o%m%ﬁte the ﬁﬁm 1onI \@ct(grhdaﬁ Enlxjtﬁhy loaded with

proc éss S an
the yaiues @l thrgJesign Géctor d?"e émilpre%@tw dpfaels 6‘?”@?3?‘% the Gpsiggryplpes e fabrication
vecthelQ@hrVFélaféﬁBf At AeMurd@hedaay om the 40 various netrol ogy

el AT B 0 A o e
the fipgivisvel thiatmadeing mginh d2%r ah,eewwvleromo@mg iep! Fleth dsamdiopsthe tpe of

semfcBiRifictet MRV bé{%sfagﬁc@t@@ ghd'¥hd Blpc; be el@JhQﬁE&ﬁraEt@@ﬁcs:iﬂ‘ which predictions are
regardi ng the

desqeﬁeEmf)léliy Weggﬂ? Ces’?suQrﬁ%E o I‘ g?etjféaed%\f) )g{:pes?snl?lc of Iaguntam View, CA.
Exchpleypleatrigal maocmmcsdtaett anay he br@@ieecbl’mﬂrb eredigiiop gigit) § 30, are drive current, ring

osmﬁﬂé}mﬁféncg %@Px%m%ﬂﬂérﬁ‘se tlﬁ&nc%ﬁhct l:e!slgfﬁrce eff%e@ﬁuxm&i ﬁ:ﬁﬁh efc.

nerg % asnm ener proces Si ng t$ " it 130

TheTIgrae BRTBHSEIR 1o Db HrL SepEE ] ol & Hph s gijeton wi
mayl ﬂi@wc@ I paaRtice Bt the e modiido 1 oculndargtidnerpoper Hitherpgedicted electrical
charlg,c%erlsto c% arSe eof,ltgldenaq]?redét%%qneq %% g r‘é]ﬁ&n %Fﬁp&é Q%rk 40 or BE %@e§s§tools 30 used to

0SS| e to neasure direct
fabnigate the gzvafefpr 20§ G bp 'p@gagts SThB daul propigr 415 I‘P%lnltlﬁffz @ autmatic corrective action

bas&iQR e QlebiBied &Qﬁlcﬂﬁyarﬁfeﬂéﬁcﬁ @x&xﬂﬁhrﬁ &rfetting &ctibiB finclulkess@ling an alert message
to aig%glgégs:ogxg:l ggsejgge% I%ubles %E)tlﬂla thep ! (gogensﬁut?rga:‘a@allg ﬁl&l{ﬂlf snl%equent processing,
markingtherelders fssuspett. ges of varlous state conditions

estimted and/or controlled by the process controller

100. 10 The netrol ogy tool 506¢- the process tool 30,

and the process controller 100 nay be referred to as

data collection units collecting data associated with

the fabrication of the sem conductor devices on the

mafer 200 durlng |ts fabrlcatlon As seen in Figure

A NN o
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15 126. The design vector 124 represents the initia

default characteristics predeterm ned for the devices
wO0@/01940he target values for the producti on pPOTESS()03/021287

Exenpl ary paraneters included in the design vector 124

are N- channel threshold voltage adjust inplant (NVT)

d o deothex\vsE ferriesrnipdicted gleatricabahefecteripfice ie pesass Conredh Blpprpesdiction unit 130 may

pass hﬂe Qﬁtﬂcﬁéd el@t@ﬁ%ﬁch&ﬁ@drl&lch fﬁpdna B3t mordllpftdss Ebat@llersNbORr @fRting)the operating
chann e

e G BT S8 0 it S0t eyl A e e oo nish, e
proce@x paatrolive hd0ahaycdjusitar mstdl phfingepatamatisio geduge thiepniaptaresistance for subsequent
wafegéb@ bjl"ﬂe%gss @&%@Qr %%y 2o B leﬁV haPdtSte R6th RS AMplaliCHose and energy to affect
ditional or ferent paraneters may be
the elﬁft’f“fal I?E‘%‘“’P’&Fe QEuRsPIuEY “mS‘FtP ¥R experi ment al
COIT8E pradittsl elebhieal fchdpacietiaitd 0ay ake bk osed TR Geliedndihgl phempsdshdor example, the
MESC E)e?;epgg Sié)alysx}dkugtsthgﬁ)gigr% %F ‘%lg: Wt tnlglulhhlf t}QeNalf&efOO 13 tﬁehﬁredlcted electrical

col |l ected durin e fabrjcatio
charame@séléss gld{c@e gl hlg}h@[fp@}n@ggevggtogl a ﬁﬁysﬁ \gngd grtstgctedo Flectrlcal characteristics
consﬁt@rﬂt“ﬁtﬂ la bkte®)need| for daviess oedaagh pradet ,Aldohtke NS @drven @0 mngnake scheduling

decmons Pase rc%g% prelz'blcﬁ:g eISectlgc %flgrgéé?f;tlclzﬁ’or%&q}pL htﬁe fﬁg ér\%?% 915&/ schedule lots

with @tgaqr aveticted glpdtricsl ChilfPPtea‘PftSE foche péwef&.ws 30p4ih higher t°°1 health (e.g., clean
tmﬂ&ﬁhﬁ&&ﬁ&éQﬁuwaﬁyghxkgg isinitially |loaded with the

d at@ 1;)r§d1&t8<1t ¢ %:gtc &Lage%c’ﬁrls %ste Iéol?i'ly bﬁezugeéll tcégengrgt% rf‘iaé taglg foi?' Lﬂdgtmg the prediction
modél ginplpysd by the modeding eyging 3. g&fhen the pﬂttab@@raqﬁnsqqq gf the semiconductor device are

meaﬁﬁ@%ﬁ’eﬁ/ %mtcoﬂﬁ}ea w1th/@15 bl@&l@tect RN baete GIQB%H E@{al' ath@@#lor signal may be
s e PR T2 2 AU Gr1Ee BT BT BRRGG g pror for e

predifti@s.par ti cul ar nodel i ng tool sel ected depends on the

ty pl%m(ﬂfg nowSo Sf?é{ﬂeop rl%ﬁﬁh@éd A&y Hﬁg'arp QF AGnefr3d E‘drq%dﬁﬁnga&dlce electrical

the type of electrical characterilustlcep\fm{{;]g P¥ ¢ invent
parapgfiEE T SHRGeaPRe P fERr PR RS ARG reament ol pagpng imvention is
providsdip e heek F00da b dif dritiab tifamctextbtid yalBy nopdatsl, withntbe sepficonductor device is
provl@c&J nf'nadlcr(l,k yi(ﬁ Ya.v’ﬁrspéhrlcatﬁ%l%%%sg by th€ IS&IGJOB&U%II device is performed. In block 320,

aracterlstl relc ed t he
fabnﬁqh@]a paéq qswﬁlatachwlfh th_esf@stéqbgca&?r} R;g:eie dsrc'ogeﬁe gllbh)@k 330, at least one of the initial
charszfseﬁlstlclvam@ns feplealeiiys fabrarmh Yatg elllbcted faste it fubdatiqnicess to generate a

first m%glh ara%{exfls?gg%{yeg ﬁ%%?lgﬂg d}l %ﬂe fo? £thast-EH§Jl§:trﬁ£l Characteristic of

ectri cal
the semlam@qt@ ri¢vsc@ ilsaasedlcuﬁéﬁas%ea% lnedlﬁfdhset obfhemftertsioriuemi t 130

35 FractiRd @Y blﬁtﬁlchltcﬁarzﬁfeﬁdiccdiﬂ t@nsmicédidve dévavd ldtringeteifibéitation process has
5 for fault tec |on 1 f . '
numgrfnéscz}dﬁn ageis %9 %au:te re§£)r8 ‘?hg d!%aglilf%:gl%gg 'bl%gés§%§ gsdwell as the future

perfpmarge to€ thei aqezgondmtrg edevlqs pEoypraipmalli: tthis tdrfeametion dv gnlp @epilghle late in the
fabricBn Bfo@&? S @eﬂeﬁ&ﬁlligsthegprediaﬁﬁ% &ubing fh@bdbh&éﬁ&rﬁprbd&@ alvafsLprscesd Qektings to be

nitjate
adjugﬁf%/ &Hlﬁt(ip %d?t&%?, F %et {3%{-%(: F?d nBe%BIglé §c1s1ons qa)ée mracée di) eid on e anticipated
perferinect pf theadevicds beimpditbeirdtalt | cs. Exenpl ary correctlve

actjg Q)%rtlhpeﬁ:leh{g&ln&ﬁ@ QsSR! £6 HBERAMAE, asttfe invention may be modified
fabrication personnel to SUI%%St trougheshggtln

and pagiispoeimif s R [RoRgT PR SRBSE ] ot Bz benefi o te
teacKifs exeiki A@thtrmere wa flienitgiosssresiniepledtto the@ttails of @nif@rtion or design herein shown,

other 9191%1 ésod]e? ége:!i 1111:> ﬁ;l 1%1% %gg\é{] Oﬁ :l’sztﬁeZefor@@\Q&entetﬁat lt&%atftlgﬁar tellﬂﬁ‘odlments disclosed

el ectr aracteristics | s process

abow,edmyrhmalter%er lpcrdeftﬁfl 14 Asughyapiatipparprgspsifiereds wighipathe scope and spirit of the
inveRticadiA6doRithe B tRCHrftéctie sotpREHeRBILESs k& Forth & thelabibtbelow. NOr €

process controllers 100 for updating the operating

reci pes of their controlled tools 30. For exanple, if

the predicted contact resistance of a device is too

hi gh, the process controller 100 may adjust a netal

plating paranmeter to reduce the contact resistance for

subsequent 5 wafers 200. The process controller 100

may al so adj ust paraneters such as inplant dose and

energy to affect the electrical performance of

subsequent tranS|stor deV|ces The predlcted

. T o o o
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10 consistent with a business need for devices of a
certain grade. Al so, the MES server 70 may neke
wecehadaddong deci si ons based on the predicted PCT/US2003/021287
el ectrical characteristics. For exanple, the NVS
server 70 may schedule lots wth higher predicted
el ectrical characteristi c<CkHMSe processed by tools 30
with higher tool health (e.g., clean tool, |ow defect
ra e, |laqw rlay. error, etc. ) The predlcted
ctrléﬂ?§@§ ’Q%?@?lstlcs may be used to generate
f esiohba@karic@rlsthmwplatnfgwﬂiee ppcetting of HymicRugigsdeice (200) collected during
enpl oyeds Bichds: nndellng engi ne 122. Wien the actum
characteristics of sen. conduct or, (gw C £ nductor device (200);
me BSUEg2 Ve 2 al?F“Baéc Wﬁ‘%&ﬂw PERCEREV ed%m& 2 :
Vv abpiasngtie ve@ €124} 126)anith etrlgagira shisgjnfithe collévied claractenisticsi apd al
rmﬁl Fe%ngaaﬁeedg oRY elécpgal m% LiidRg o@tﬂgéeﬁﬁor;ldg&ortdgvlé(éidéﬁﬁasédto‘fa the updated
e raneters to reduce the magni tude of the error
f or futdﬂéﬂﬂﬁﬂéa@ctlons Turning now to Figure 3, a
sinplified fIOM/dlagran1of a nethod for predicting
deyi ce ectr I fabr
acor dane eyt st RREATELRR, (b AP, i ebfHbh Bhela win e
semigpndusiondevicnZN baserhonjthy moﬁ?l?skﬁleﬂ‘é‘sql chappetgisick 300, a set of
initial characteristic values associated with the
se con cto Lce,i :
t f éﬂd aﬁn oc%glsep g%mp eg %cg‘lf%glg% Jé?i’g(}% %@i delice (200) for
subsqqsenple‘pdes.smgéded qnnhebxtoé@(td epigical claggpferistiat i on dat a
associated with the first fabrlcatlon process IS

collected. | I 330, east. ope

ol 08 s athol 883 el SR P hink °F kA e
parad@drafoc qirdcessing ch fubsequehie sefmurosdluclfoa e vieea 209N basedo e ke F?@deled electrical
chardlBpgLate a 25 first nodified set of characteristic

values. In block 340, a first value for at |east one

el ectrical characteristic of the sem conductor device

i s spr ediTt edthirhsfetiinoh vthbrein yocd dharactgistics @fsociated with the processing of the
semlg{%ngl{ca)? td@&ées(t%oz fl}{’fﬁ%rl’h% prlsEsr §gingtat 20kt tol'ﬂeeoiei ﬁ@&eﬁs‘ &@tlacterlstlc a metrology

acteril s e sem conduct or %{ ce dur‘il (g 200
charfcighsticcaag p eAntre)cheasigristipassociatyd with ‘Bﬁfgb%‘vaﬁ therggicondyel 6?1”1“’6( )-

may be gai ned regarding the nanufacturlng processes as

well as I formance of the seniconductor

deJ%ce ‘%%ﬁ@%ﬁbf°§%F$§£ this information is ?

av ai darasior (Y pefigyrdingorsdapgeitic sty %ﬂwmdbfé%ésvwe (200) collected during its
GEneratuﬂ@mhh&a&redlctlons during the fabrication

proce settln Ik d
o onacﬁr%(f 08?{1 ul}ltg?%)z con ? Proxade 8ttop %1%@ (?u ?Agialé’i&lg%elngtl cg}ra]ls s associate

to be nuwith tbgmomctpr]ﬁwaqqpp@reﬁhq wgtor bléfl 13 ifhoa legpt a subset of the
the deviG8&ichehaRbtedisAR 4 :inﬁ alo8dl at 11431&)119 dledtdicalbh@scteristic of the semiconductor

enbodlne o) are trative only, as
the inve Y‘F‘b%omﬁse%@q ?%{ 8““:3 “é 1lilr?)acu ced in

di fferent but equival ent manners apparent to those
skij I ed 3 styggn 0} oh @Mﬁnng, ﬁlnl%r Q&H&fsﬂné anﬁultt Jﬂ@ntoxSQIO) communicatively

teachi ngs hérein. Furth ? Pons X ted with the
couplgq fonthe d’r"ldt?“?fh Bnity g% i“’él ?S’f‘ ?élffﬁstf’ rlﬂe@fl Poh 14t gl lloa ssocia
semid@{dedtdd deie \(200) tateh ei tht hadeleddett@gichiripedsticn t he cl ai ns

below. It is therefore evident that the particul ar

enbodi nents di scl osed above may be altered or

modi-f i edThervtean (10 ofi elpm\pafurther PERESiRg EMEYRLEITE PEGURR PP server (70)
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CLAIMS 1. A nethod, conprising: storing
characteristics associated with the processing of a
sem conduct or device (200) ce¥-lected during 5 its
fabrication; providing a vector (124) of initia
characteristic values associated with the

sem conduct or device (200); wupdating the vector (124,
126) mnth at Ieast a subset of the collected

o




nodel ing at | east one electrical characteristic of the
sem conduct or devi ce (200) based on the updated
woeoaldm 4124, 126). 10 2. The nethod of clai m BCT/US2003/021287
further conprising identifying a fault condition
associated with the sem conductor device (200) based
on % he rbdeystn &) o€ elpinchafurBpispmprisiog i Pracess cagtrolipy,d00) communicatively

coup'f@tt(h sYe p%ﬁlcﬁdn%m(l:%) dnll lcb R ire O Bk inSeN least BROdpbrati rédi® parameter for
n1co€ uct or .de

prOCﬁFlB%aeSél sie%nt Begxg(éoayu(stﬂr ({e}(ﬁlge (?{%Oa Lz}sed Oon%lTe o etfed eﬂ:f:trlca characteristic.

characteristic. 4. The net hod of cIa|n11 further

congri siig sﬁéﬁl?fmﬂ"ﬂaﬁlg6 a?&helleﬁ%tcol%@t@d QREERHs1idR Qurth® Co}Rise at least one
par anmet er for groce55| t sen1conductor

n

°fpr6f=?§% BB MEEUE °18Ff‘°tfr%é‘°sn'ﬁl é?“& E e al
characteristic. 20 5. The nmethod of claim1, wherein
storing characteristics associated with the processing
of the sem conductor device (200) further conprises
storing at |east one of a process characteristic, a
nmetrol ogy characteristic, and a contro
characteristic associated with the fabrication of the
sem conduct or device (200). 25 6. A system (10),
conprising: a data store (90) configured to store
characteristics of a sem conductor device (200)
collected during its fabrication; and a prediction
unit (130) configured to provide a vector (124) of
initial characteristic values associated wth the
sem conduct or devi ce, update the vector (124, 126)
with at |east a subset of the 30 collected
characteristics, and nodel at |east one electrica
characteristic of the sem conductor device (200)
based on the updated vector (124, 126). 7. The system
(10) of claim6, further conprising a fault nonitor
(110) comunicatively coupled to the prediction unit
(130) and configured to identify a fault condition
associated with the 35 sem conductor device (200)
based on the nodel ed el ectrical characteristic. 8. The
system (10) of claim®6, further conprising a
manuf act uri ng executi on system server (70)
communi catively coupled to the prediction unit (130)
and configured to schedul e the sem conductor device
(200) for subsequént processing based on the nodel ed
el ectrical characteristic. 40 -8 WO 2004/019401
PCT/ US2003/ 021287 9. The system (10) of claim 6,
further conprising a process controller (100)
communi catively coupled to the prediction unit (130)
and configured to determ ne at |east one operating
reci pe paranmeter for processing a subsequent
sem conduct or devi ce (200) based on the nodel ed
el ectrical characteristic. 5 10. The system (10) of
claim6, wherein the collected characteristics further
conprise at | east one of process characteristics,
netrol ogy characteristics, and contro
characteristics. 10 -9



