TI ME VEI GHTED MOVI NG AVERACE FI LTER CROSS- REFERENCE TO
RELATED APPLI CATI ONS 100011 Not applicabl e. STATEMENT
WEEWARBIING FEDERALLY SPONSORED RESEARCH OR DEVECORNENT/004373
(00021 Not applicabl e BACKGROUND OF THE | NVENTI ON
[0003] The present invention relates generally "to
manuf acturing and, nore particularly, to the use of a
ti me wei ghted noving average filter. {0004] There is a
constant drive within the sem conductor industry to
i ncrease the (UMEWEIGHEED MOVING AMERAGERILTARUt Of
integrated circuit devices, e.g., mcroprocessors,
menory devi cesrosS\@EFReENdiEo REDABES AbMEChSIONSE! ed by
consuner demands for higher quality conputers and
momgl ect r ORjoLapfifubices that operate nore reliably. These
mands have resulted in a continual inprovenent in

6 PR  PEBLRTEY Sl Bt peveommn

|ntegrated circuit devices incorporating such
10002 r ansi stNetapPlicaplgi t i onal |y, reducing the defects in the
manuf acture of the conmponents of a typical transistor
al so | owers the oVBACKGRQGNSD OFSHEINYESTEMNI as wel | as
the cost of integrated circuit devices incorporating
[00033UCh t r ARSHrEdehtlisventfold dinds gy @ hdhnfaduStan® fmore particularly, to the use of a

tnme@é:&?e%%ﬁ;\rﬂﬁa@%%@ﬁués perforrred on a group of wafers,
Sometimes retérred to as a "l ot using a variety of

10004h; ocessilhge tdgrestant drve Wﬁ&%ﬁﬁ’@t"@‘?‘ﬁ“ﬁ‘ﬂo‘@‘?“a‘ﬁh&? ingreaysg quality, reliability
and tigbughput oGhsgraickbgineit tiewirrs, @O hicropp@kdser) inkgrotyatelises, andtiedike. This drive is

fueleJ b}e&ﬁmmep H&%@fop 91 Bé? Q;luaehty bdﬁﬂut@ﬁtaﬂﬁ 'eQRro‘x@Qieﬁces Rfat opey?@more reliably.
§ n(Pl O‘%l es. u sem cond LICI1 rOCGSSl ng. t ool
Theseh eman S%ué%jp & c gl | jmprovement (n the manufacture qf 5 lconductor devices, e.g.,

ave at I ncr
‘fans@gv’ef‘salwe‘i/ @arig, the ewpf{aftwg ¢fninteetatsd amrpmalde\rx@ﬁ iincorperating  such transistors.

AdditldamByRaucing @&Fﬂefe@ts ih@e &ﬂﬁtﬂzﬂ:ﬁﬁ&omm'p&lehtb ioSa BH R4l trahdbY also lowers the
overaggcﬁ%?tr&g F{?rea‘?‘s %Jep% tL ooostsof e rateg cxrcuct léievxces mffx%oratm such tranlsiﬁtors.

rcia ){ava esu er cer arn de res. 11
10005par t i cufgerali it qf@(ﬂcgssm pens it eslRrmed PR AGEHP pY wRfer gometimes referred to

as a "tha 1 esingBINatiay bfygro@siighibdld, inck8ing ﬁhwdmdagraﬂi}b&teﬂk&sl, Ettlytobl@, deposition tools,
pohslﬂ{go%bgeragids thgxlrn&aiz QJchs@{nQ”EE&E I anqjaﬁ&ﬁlo '&)og lééel‘ "Ifhg | ﬁcﬂgcll%gles underlying

as event [.ogg real -
Sem“’a‘?‘fg‘ﬁ?’a@fofsmﬁo'Pﬁls Saver @ﬁ?"tcﬂr‘B‘E@‘é"é‘l E‘j"‘ﬁ’ar‘ﬁﬁ‘ei}“é r“?t a“rYG'a't pars, resulting in
substantiy) cafigemanty. Hawenvpidespite e advhrwesmide irethisarep, naang of therprb@ssing tools that are

curredtly&:ommkx@ﬁ@ avilitte SIFRr %Q{alnd&UﬁG'iencleQD Mh ththl:Lﬁag suy;' Q&)@’s often lack advanced
proceg t%?nogﬂno%lnegac})ggpug nsqqmnas%e a?) nty to provx e hnsgo%?ﬂ Iparara%tﬂﬁ flata in a user-friendly

paraneters, "SucC
fmaa@e etk ay ¢ evegt lemging; gﬁl-awa eragieshdisplry PE Yoth prTselorsadepsipe parameters and the
proceds@fpefatbtess 6F , thdTeahe ming ahd tr@fidte, @r, a6@L GiteSandanskidwiR, monitoring. These
deﬂcxédc#é@can Ehﬁeﬁde\lﬂgd ‘%Hai éo\lltrmlﬂ l::lfltﬁz§lt p?oéegsﬁlg Ip arﬁ?:t% SLJN a@ tl[ri!“lhput accuracy,

arities, run-to-run dIS arjties an
sabilfy B0 Pl presteiee B et dod) BP0 R ke, This variabily
manifgssdtsifas withiainin dispanities,yer-fogumdisparities wilgpad-stoelntispatiziad that can propagate into

dewatfmﬁintﬁédu&g]uﬁﬁﬁi akll ?&ﬂﬁ%&@ h&YaRlah rﬂetiloxﬁoxﬁtggxtk 4119 Qika%nd@@és!lsgstem for such

tools ‘90‘-‘% PTOV?dC%rncxr){tg?s %mé)mlg%'la Sti ovraxl'xa Fg% Ig.%ﬁ%%l ﬁrénlr g'gilﬁ{gl fis or optxmxzmg control of

criticafparamete®l par anet er s. (0006] " One technique for
[0006i npr- OV i O téchﬁqlﬁhf:fe:r isptoRing 6k oﬁhrﬁﬁ%ﬁ&b@ﬂﬂﬁﬁdﬁétorﬂ#&@s@ﬁ§ listOncludes using a
factory '\JH% Aon&ll Lé? éin Yo Ia[\]!gm 1c£1ﬁé£091[r¥l t‘ﬁ@ % erﬁﬁ PtJf QLe §%%Ssegx]o<t:e(s)sing tools. The

autorrat contro oper at i
man“fb“r“&?éé"g Sr?@mf‘bwaée witthe ARG ERe 'ifﬁnrewgﬂ&oaa|n§twe$mfrawpeeargemodules Each
manufggtiring tpohia peremlly crmhevgpdfte nmguipmént diterfacen Gthevequipn@iit interface is connected to a

machift Q€AE® Y HRGHEHE Somb@iditions between the manufacturing tool and the manufacturing

framework. The machine interface can generally be part of an advanced process control (APC) system. The
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manuf acturing tool is generally connected to an
equi pnent interface. The equi pnent interface is
woamTactwd to a nmachine interface that facilitaCesS2007/004373
comuni cati ons between the nmanufacturing tool and the
manuf acturing framework. The machine interface can
generally be part of an advanced process control (APQC
system TheAPC systeminitiates a control script based
APC gysem igitistesvudoatod srtiptigrsadngiel 3 myvinic toriggmodsl whick ofntbearseftware program that
autonkiiQAY FMidvEAhe B RERY IS Blebie & BLERNES: O%rt;&ssd b fenRRASEHuCctor devices are

nuf.acturin
stoecq (YL AARE B PRUT Gl B R S B AP ATReHRB LR iftine (o th quaicy of th
proceppghisfrirondpeiondsvicesol s for nultipl e processes, generating
[ooodlat a r elpatihg\@e EBridatiéh Sroicbs, Vatiotd e\felﬁgmﬁi &E&‘ﬁlﬁ&dhat affect the performance of
the dgl?cgl ge(?&dfg&x%cgéd d'?lyalt s:se§anallon9 9n7ti|w IP‘II) %Jg?t:ﬁs br I Q‘ l O eﬁlce performance

process, varil ous event ake p
variaiph (P i RUEh QoS R Eiage oA K15 toata@deswﬂan%ﬁ pqrtigle contamination,

etc., Alampapatowigllyl affetthbe égilperfomtah@ofplcodeis he@Ss 1wodsSinlthe pracessing line are
contr&iﬁy linczﬁc@@c{néeo&n Mﬂe'rﬁdbl@ BSredic @ﬁxtogerséng \%H&l?m a-(Slommonly controlled tools

mclux{eg@xptg{; E )t' !btg‘q%lfrﬁ &OEE{L}% ng?neﬁgllng Xd%possglfn? 2 3 (i’tre-processmg and/or
post-qyme@mglr@ltrblyg)ada‘tae@ supphel termdocps rcbmmﬁm@e tief toglh e Od@ating ergcipe parameters,
such MAgrb@bkSng! (Y, Srel Blcdiiten By QﬁQ»S&EsB goﬁt}onas aased 68 e RHor8fnde Mnodel and the

metro’f.'o%gqxfgrﬂﬁg& to. gttem;?%cr) faolu%g‘ nrﬁ%% I‘?Irocessm%] resxcx)lfsl dplll%se “T a target value as possible.

cessing varilatlon
ReduipgyeCigien Fhiistarten gisdp igreaed H‘ﬁfé‘ﬁ@“‘ ffémeé Resh glgbgdﬁcgce performance, etc.,

all of @hith equgtett® inkisasedprofitaldlita s Metralogytda@lcsllected Befgrt, AOBES(E. £ Qin-situ), or after the
proce@ﬂlg /of‘)£ waQxSc;r'l& Ep\gﬁ% b@gbm&f {Bl ggﬁyatéjt@éd@aékﬁn&&r}&hfo?\gar& fAformation for use

pDr QGess Contr he tools. er atin reC|
in dolfIItioR RGeS afoLBe PP ERSTEIHS 19 e et CHOSaBRR prges twol e,

feedfarmad)perdotiss control |l ers based on the performnce nodel

fooosfind t heTWaflP'aoQ)}itrélféf Qd}ii@st M&be;agngaﬁegxﬁm al &nﬁ'&ﬁh %6F using feedback or
feedde 3 nﬁ{r oganmEx%In%nesgchr ol¢ c 1ons are ty;zxﬁa(ﬂg gergﬁnﬁgr usi %gg%mrf)lamodel that tracks
one °r ﬁ@feea%&f 4 wg‘ﬁﬁmssocw@dwe@e dabgipation gpregxariplg & eontroller may adjust a

photo}ilﬁd’gf‘@hﬁﬁﬂﬁ@ardﬁe&r to cadtdol Ddritied] idBkenQEHIED oft the thahGfa&BB & 8evices. Likewise, a
contro?grq'nfdytcgrntlo‘ A G‘YC)'h t(MFtror ﬂ#c99¥enQﬁhe%mCoQ| lslgigér%tlpﬁngggtgﬂs 19 uri ng

processin
10009 ot of R%P’é}“%e g!mb%f the exptrpidpr.pantel %&“@“sfaé"e‘?ﬂiﬁ%?élk ﬂ%fﬁare&ted based on just
the mpse ectbmlyvebsatvad nir@esyestatcovariplide. Uileace] the gedvidnsTmadstygments are typically passed

through @Qh Efp@llenﬂ@fy{vﬁghfg@ &otnh%zievﬁfagé/dEWﬁApﬁQ:Q ﬂ]%tsbutpgtg bin £Jera§c value for the process
state t{ zgaatfnbs ﬁ./\él? aljrrent d'xp 8¥l s Vfldbsgél?x $§/§f% gitcir %en%mgﬂta}(e&gfz énrthat the average

is morg pRayib affeeted by/Sea mare wgenrwdf Yduet.or a contr oI | ed tool
[0010US I NQ fmﬁbaﬁker@ha\feaedf emplaydd ROF kitiglatighy plottbO ki8S kP Mmany years in the

sem,co%mofr du &T?en%%ﬁ fiSarh akfg,afl.,l@wgm,qsred using a

contro S one Or nore process state
varl abl es associate with the fabrication. For exanple,
a pont bVt & Yeay* At o @beol i t hogr aphy reci pe "
pardmet er to,eentHal+a-€wj,tical dimension (CD) of the
manuf act ured devi ces. Likew se, a controller nmay
control an etch t to affect a trench depth or a
where $sawaighting etar. char é(:‘t ,é} i disgognts pOOBEhsTFemanisoanddé is a tuning parameter that
stabi]ity for the co Iler, control actions are
aﬁe°wfva?vfg?fﬂ§§°%8?“gé’€né)r a2e<d%based on just the nost
[0011]r ecent |1y coips orhgedthp monbs sof sheaswenatsi @ldhes, thienklest rida@irements have a

negligible 84t Bor 6 8= Wit BRI, Al 8 rdcWiBivE BiviA R85 R8fbduieough an

exponential |y wei ghted novi ng average ( ) filter
t hat oqtp S a average value for the process state
t R4t THCtOPs it he current and previous val ues. The @)

EWWA filter is a weighted avefage in that the average
Is nore heavily affected by the nore recent state

val ues. (0010) EWA filters have been enpl oyed for
estimating process states for many years in the

sem conductor industry. The general equation for an
EWA filter is: Jj > =



wk + - <+ a- +~ wnyk- n where the weighting
factor, @91 =(1- | ) , discounts ol der neasurenents,
wanwti3i®w4a tuni ng paraneter that affects the PevaiS2mf/004373
di scounting (i.e., 0 <I. < 1). [0011] In cases where
t he nunber of neasurenments is |arge, the ol dest
nmeasurenents have a negligible contribution to the
filtered value, and a recursive EWWA filter may be
The resg@ite EMMA-filer tradigh odly K preidigubip@oces Gtite SitintatelidMpdhted the Estimate as new data is

rece“;eg%ggdsong%yghg acorl Qus process state estimate and
at es te as new data is recei ved based on

loonb wei g hﬁ%@%ﬁl@f has|severa[ WPEP“SW“ Epleved tq & sspichrdyctor environment. In
a senficendnc@t fabididatidnadnivibshnelid) @Bcr@éPloeis sl afe@edormedrbe MR iduilGrafers or groups of
wafer§ ﬂ\él 'id?s@ n‘m{rolo%?,lqda@l &@dﬂo%@%ﬁé oL Io@\gg Ltgtéuisl Bllect Cfd in separate discrete events.

envi r onment screte processes Pare per.forme
The mefrglogy raﬁ’éﬁces\,ﬁff shpred &005?66%%1'66:1:&%?/@:% ot ql_gercnt F;@f%z)nd at different stages of
complvidny dllapcpy thdaketrologyedatd elidaddenssociaed twith a[pivot @®sess btatt és nios received by the

conmg,@llzjtg&,gtg,gubdgtesﬁg}ag@te di screte events. The netrol ogy
lect data re

[00135)fes 8 IU; ?g‘?’éeﬁ{/ee’t@f) te ; ea rhua%er o‘% g}dfqeg?egmro?fs tgg gﬁgtrgya ogy tocﬁs the metrology

data dopyist aecEssHily pEMTi®, sequirtiahiime exidergyin dtkerawards, lotscareppt always measured in the
same QFHEQE thaf Déte Yhobdised. Pheudursple BVAIA fiftbrafols dobacBidht oRGEbNRELr processing, as

it assn.p)yes IthQNa‘f’ %%é ﬁjcie@éd %ﬁue%gzﬂ%t §m&lé§g%%g§1ed %%Le\‘iﬂi 1§ew Q:gs]s' sJate estimates as

eover
they af "o'&‘feg’ 4 n‘&'“}r@’fﬁe 8 Is‘ti‘@@e hag Bgeg incomperatadbingtdihe Frgureiut Ecnwa'é‘e*éa‘erfé't‘ma‘e it cannot
be undeng.e gy ihk EVAVIA fitter is mosabiputeritdoaht for tie sigrdfivant tine @bhBtween sequential

proce e d'flc EWRiASdi@&bentd Hata 1«@an wﬁ@l@? Hl@l%Qs d 16 l L Bife rl;awgé‘nqgcfuennal processes
Ur S|

ora rg Sb,[ve:l?;el}é;rtwer © PooP%zteYts dsrgif dunP%‘ar 818 égps Fﬁ’] A} lteégc§a ﬂ‘é §ecexve process
state ypdgies. Maév,sanérvélwﬁr@@éé@é dotgé@w@m Mlltb'ynet@afnpllhesroaqssestate estimate. An
EWMARRAlel eetdnatté)w.gﬁiwi:ﬁts@rsja itz BruRstebidentitaNly @& rﬁ:ﬁltahdm&lﬁﬁlaxa&enzed data.

[0014} h ey ar fyl S4& ?ais dA%l%l%ht 19ﬂ&-§de§ to 1@%&% vra]gcfsus asgsnits of ali:t that may be related

I ncor porate recursive
to varjopis SREFRGY TSI W@“°N§8‘be@ ARS/qE\oineRibEIoW This srtjen pipYides background
infornfagoraoCladilitste & (ettdr iunderssanging bf daveridus A¥peqa pPSthd pievddtinvention. It should be

understéod %p{hb ﬁLterﬁgn%Clﬁ MCtloIGﬁhg%ngh%U %E ?éa&jﬂttﬂs ght and not as admissions
|deng_call there is 1get|ma et ween

of Pty %frrsﬁe%ﬁ?vsa‘&ése@eaf G pardrng . § e AT ot gjone or more of
the prohdmsdetiffrth ablemei ng a | arge tine gap, as the EWVA filter

does not receive process state updates.- Finally, an

EWVA filter does notpipcDosuke oF guvaNTipNnetric for the

process state estimate. An EWVA state estinmate with
[001sP| d an dr&p@ﬁﬁﬁnéjﬁgémk% &rﬁ;ﬁﬁi&:@ gun'lrﬁiiﬁ'{']kf’ ﬁ@llln\)éntxog iR %Wela{&dprovxde a basic

ar acteri Thi.,s section of this

anderstg ERIPTE SPEIR GTl T4 PP GRUED Jope B G RERECYEVIG of e imention
Itis n%tr"eterldPPb'P lmyfywey precritiead glements of thegaventipnree ¢t delingatettifecscope of the invention.
Its solp p@p&a s th pReSIAL $0RR cORBHE ixﬁﬁﬂmﬂﬂﬁﬁ @drmGk @ipPaRfde Qﬁthm@ﬂloregaiaﬁed description

§g d@Pr ovi des background information to facilitate
that is e

etter under st andi n9 of the various aspects of the

l°°lﬁlpr esent OTeRSR 9 815 Prepent EMRsEPRS B ifrfraptaaddercrsirpasine ¢ Hate associated with a
process tidhudepertdving a tshieSots@edtion Pssofiatbd with diECpro@nt  Ahe stht® obLrvation has an

assoc:ﬁt&i%;odeﬁ tinfdl S\ Jvéxghtlg fa@t@gto%(:oﬁtsth@m §§SE1Q5\§m(i)sf ge%rét@d’ based on the process
resent ;?nven 1 O IS ?gtaec ed {o overcom ng,

time. grswgtesqmé‘é'fgf BPEFHELTHY Pl dispquntef S5 PO ore of
(0017}t he pr ofwlothes aspedt of dhet presebtoineenti®l BCOBWRE s@fent Mg @\process tool, a

metrolbé}qaﬁ,] and : hﬁoée@d doﬂWll@Q ThE §§€J§§ tSolas @hﬂmla i ﬂeﬂ&nﬁiﬁ@@d’s% ffordance with an
i ngyle%o%%ﬂo& is mggrable to Lgf:nerate% a %tzﬁe glserva?io assoclatecf.ly]vitg the process. The

°pera“tnﬁcfclpst an I nvention
procesg mﬁ'ﬁﬂleylswse to a‘?ﬁ’e‘é‘kﬁaﬁ%‘? Phservenpar the BHP elfservatien having an associated process

time, defiir@61& woighting factor to discount the state observation based on the process time, generate a state
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It is not intended to identify key or critical
el ements of the invention or to delineate the scope of
woheo7imwemt i on. Its sole purpose is to present PEDMIS2007/004373

concepts in a sinplified formas a prelude to the nore

detail ed description that is discussed |ater. [0016]

One aspect of the present invention is seen in a

net hod for estimating a state associated with a
estimd¢ brs@isah thadidcohed staeBicriatich, andsle@intindd 3@ kt\6Aé padaineter of the operating recipe
baseddR §RGhRELAE t h the process. The state observation has

an associ ated process tine. A weighting factor to

di scoun

the. pr o PRt PRIFBRR R oVl PEIR G e BRASHNEE

on the discounted state observation. [ 0017] Anot her
[0018F s ot dhe Nentpn @dlb hereafisy, B, dpssrber Withokeferanee fo e apcopppanying drawings,
whereiirlie vdérenge sungrabciesse lleelemens, met r ol ogy tool, and a

{0019pPr OCESS Ffé@x@tl rlpA élﬁf)hﬂelhﬁclpﬁl%gﬁﬁ' o d ﬂgéessllx% 18P g[a@&:lr@mce%th one illustrative
r QCESS i n accordance with an operating

emb°$g'8’ft étg‘eﬁ‘ﬁ%"%"f?ﬁ’f'bgy tool is operable to generate a
100205t at e oBisere¢atd dirpranstiotitnedtl wiighhanphied tp p owredar obfwryation as a function of
the agP bPGESHSer64ioh; Ol | er is operabl e to receive the state

[002 ng er VaL‘ grgs 3 angg 1lT¢'us e wexg ea%é]?ét;l Itoog)]cema;?l %{ abserv?txoni, and

ssoci af & ocess
o di schighe Stl%?emgitlé% ﬂ?)‘b §’é$’%t°f bwetb%t’s%ﬂmmhmﬁ@g B mer@yg time weighted
EWMW inagcorg@ne Wil otherSihatrans thbdin@nlE stegredent Inheantick. sScount ed

10023§t ate O%ﬁé ﬁ@tlh\gnuonai@ Qusg&attﬁl%rﬂ) Qﬁ'xo%g nloﬁi%%uoﬁ)sn&d alternative forms, specific
ter the, operating rec donth state

el £ R3S S Y9Y - LRI=CPI 2GRV e gserived in detail. I

shouldrppunBERANYANRS < @08 [the Kigesriptippdiateingaf spricific embedgradntsas ndyéntended to limit the

inven&bRS6 IthddRBhictat ForheHiCNIARBE Bul 6h hﬁ%oﬁfhﬁo mﬂﬁéhtfbﬁ 15j kAYIVEISE modifications,

equxvmgs gl{d’]ﬂlf@litnv&s E er%ev{)ri 1en é’l gpgelrrxtaan O%Q oI“ §1e in ent1 as 'Eetn ne§ 1by the appended

a sinp agram 0
claim$; processing line in accordance Wi t h one illustrative
enbodi nent of the present invention; [0020] Figure 2
is a di agram iMORE(SYEZQR ﬂgmﬁm@\emnﬂeawmmu 0 a
particul ar observation as a function of the age of the
[0024pbser vabhsr, m&r@@;?ellhc Efnﬁbﬂixﬁ&ts?bﬁimpxéseht' i lidnakifl D8RIe@RbSR below. It is

specxtﬁgy ilnt%qugzi Qha? élg W)Qesen': X?len 1an fu?sb% r11V atte &é ea'g]occjim[tenF anl 1I¥Jstrat10ns contained

hereiny (b} &t md'ﬁad e %seﬁnﬂaedwgwg e powiah of “le embodiments and
combiagooy dalkmentybfidiffesen Dénit@dimichth skSdoma twiitkia tersbapd onhea fouccfnng E1&ims. It should

be ap%%&%at'xﬂ\ﬁ%meb@&mehocg%%} lycmlalcﬁalt 1n|§1e}n@1¥§ I’ll £ a§y engineering or design

tlbetO varlo% fications and alternatlv
prtec, PGS PR BRSO SRS ek oy G e SERAFTBy et goals,
such wayoro#haeckawpﬂl eystqo-tefed dargdwbysipsssarethtedr eonbteings, (which may vary from one
implel@%Ribn BQGbthdd, MIBledvel, it sh&uldﬂﬁQHﬂ:rﬁ’cxm thidd Q&fl SB%mea@%\‘ﬁﬁxght be.complex
and tu%@ v{%nsutn{n]r%h CP %&Elh Q%VIE&QFSS eealrcl;]utxgge ?]x?igr%%n OP ?eﬁxgn gq)n?%on fuédr manufacture for
those g diasnpbiass ghe bpngfit ithis dieclosumt Nashy*g in & sprliceon jsamsidgred critcal or
essentfabDto ﬂ@\p&ﬁen&inlrenﬁ@dmfesmblioﬁll}findl@@u htadng Itericala b essential.”

[0025]aI ter na’l‘ﬂe\iﬁéerft mVLdthlg le LJ& 149 &e@c@nbécpév{ﬂ{ ege'ﬂgi t%%a&ted figures. Various .

t e |nvent| on as the a en ai ns.
WECRTSPS FOL V&&ﬁﬁ?ﬁ%@“ Yﬂ\gE rqudfmjmiﬁ% &f gplanation only and
so as ypmet ehsand thecoresery GuNeniomt mtloﬁetaxhempras avell knpwed itose skilled in the art.

Neverihklbss, A€ ateheiRa rd}m% kel idMded ko HeﬁcrﬁJQ%ﬁd Ia:lpﬁim illysulan\teeeﬂgﬁﬁes of the present
t hatTt he ? i nve

mventmn e wwor &ras:islulj;g Ler crein %uﬁdc E?,] chfeméoag énteﬁpretﬁnbtto have a meaning
consns‘eﬁtc\yxgzotée Wﬂ‘ismdé‘t& of droses wqus andorheasesrHygtidspralrilled ip ﬁ@l"@w‘faﬂgﬂn No special
definitp@rof ia 0¢iM 0@ fphibdeei. & M@Miniiem that idlddferent from the ordinary and customary meaning as

understood by those skilled in the art, is intended to be implied by consistent usage of the term or phrase herein.
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conbi nations of elenments of different enbodi nents as
cone within the scope of the followng clains. It
wehouriidoive appreci ated that in the devel opment POT/USZNN7/004373

such actual inplenentation, as in any engineering or

desi gn project, nunerous inplenentation-specific

deci sions nust be nmade to achi eve the devel opers'’

speci fic goals, such as conpliance with systemrel ated

To thgreaitettubit metsen peblaseds nendddriaibatess spebipiCincaning, Mara/méanmg) other than that

under&6641 Hy%h&f@tﬁhﬁ&t dubHNa Jp@cnﬁ B@ﬁnlﬂﬁ)ﬁ wnlmeﬁﬁﬁf set' | tbraiSip @Hl gec*?'@atlon in a defini-

tlonalaflpagn ﬁtlaﬁ Jtretgly anéil uneguwogﬂ&]pﬁ g}ﬁg 18? gl\e%g%} d téo\l) é‘?rttlﬁgfrgtsog p]B'ése
10026&\ r 0 ut | Befetml grwald thy dhwidgss vherein fiik riefepenéeo numbarsdcomespond to similar
compoffis EiRGlighidue the Gévelahas@s @8, spécikichIfy, YerGHigl th Fi'gai'él 10 Ghe pR€ent invention shall be

descnh&ﬁﬁftﬂe co&gxttopllrﬁlllgététﬁj ?olégcf%n% H?t R)b q’cg' r&ests];]x f'afe ll? in atc?]ordance with the

lcation I s ConS| €ess
prese r' SCRHPD- TG @rReTERe it 108 dnckidp 4 Bt mryceﬁﬁq'e?lcla?,evdqu@é ka9 130, a second
PTOCCQSG‘I’CII 140; arld'a poacess essolidril 5. . The bﬁ%ﬂ:omfﬂﬂ&r [pF0ae@ivEs data from the metrology tool

130 ahd) ){:Sﬁts' R4 O]YM'Jlll’lg Hz@% onnq s 6bh e G-nevﬂr(;cpss h&ehs fZ% NER b Qedhtn:evanatlons in the

ou struct ures, st ens. and
R A e g R e K R ——re
- each t9elr13B48. e ragisilanranirod actiond tyken byl teprarssscontotitr 16® dapendeon the particular
procedsbishefToraiz@ B the Préeuad dosiH 120] M’O Satadl dufput Jﬂ@&ctéﬂs@c M@alstlredw]metrology tool

h
130. tlg J’l@ ﬁﬁx%ra déé Arib%gimem [h %ro% dpé)aN?c%ﬁer tlgbe em[iﬁ%yes aaﬁxate dtsccrume% exponentially

raw ngs are inc 6 des
We'g‘tﬂd|fug't’tgett°t%"eefxraﬁﬁwpaé'§g BPosshdatgfrassopiped ity bia mafsrs. 116 Hgenerally, metrology
data coldrcd by rhd nehvlagasol U3eghovidds &ifﬁl‘nﬁhﬁﬂbﬂadjlﬁtutgﬁﬂeﬁtﬁﬂa&ﬂ diafdlRehployed by the

proceds bRFoRECls6d ThO e@tﬂt‘(é@ed%ta@@ niA g)y%bcigsecgktro%xt ﬁotfg}eadjustmg the operating

a hose words and phrases by th
rec’pe"Eg’lef"m(t? P‘% t‘t‘%é 5{ %vant art. No special defini t | on of
[0027h t er m Slthoyihy the inventiowis desgribhdfas ftinaly bm ithilerbented irda fefnimoaduktor fabrication
facilitf, i Th¥eR®onQs £t Blinyited Ak tﬁé&ﬂie%ﬁﬁfe& 1 Gk inQﬂJfa%ﬁan gﬁfr&%% and essentially

ed
any E%A Qp%%gatén 'i'he%:chm nucs ?es% c& {Aerem m|a¥ {)c :?ﬂpagd eto ﬁ é?rée rI:-?vé)rkpteces including,

sl sten usa 0]
but “‘t‘ "é‘i(t°e‘i'tt°'°t’wat850§’ P@Wﬂvdtewgﬂﬁf digigal Flsnall nroessehasl aprbicdtigy epegific integrated

circuits [(881Ca), oo sifjilarld@vicesa THe aEdhhigued tro aldohEdNagblidl to workpieces other than

semwmg&&%‘q&g by skilled artisans, such a speci al
definition will be expressly set forth in the

10028 heci f i L5 AAOSS, cﬁ““é’"EfelPP M3Y PP eantrotemedel 160194 the Prqcess fiqof 120, 140 being
controfigrtito \gaeeats spgtel labtionpr Bheicdes] tradel 3 femhyabe dhedlopail mgificall@ ising commonly

knowd 13Rarlof ﬁmlﬂkmmm&ﬁe 'f}Qngﬁx]ol 16dceidol n‘i@ beQWidiRelh Qﬁnplc cquatnon based model
eerenenu ers corre

or e R B0 T s £ TS P B E B PP TG S CA) model, part
least Sglﬁéfé/PtOtee%ﬂnl g la‘eP'éF‘é‘tt‘thSrfgLfi)dnqﬂFlg Jhespsifi¢ implepeptgtiomtof the control model 160
may vlmy\tbﬁdhdlﬂg’l o15 tha Inlodéiidyg @R Rrfiduie RBElEktddMantl IR F6X8EsD¥ing Qéntrdiled. Usmg the control
modelI 1|6b L{ﬁé [u%t:ésé’ gbngglgp ?ﬁﬁﬂgd%ténggle Jogtg'atrngl X \}Jre ?{ac::ireaﬁc’n%gers%%uce variation in the

ek k0. 1N accor dance Wi th the preSe
¢ amcﬁf‘at?égfét‘en‘@a‘?r? Ha beipePresseedides a first process tool 120,

[0029]a net r dinclyy illngeied ERBodinens g mdcdss ca@siier t16Dlis 4 ddypuA @rogrammed with

softwal t0 GitSiemeatmd fuﬂédoﬁ‘sr degcﬁged m@eﬂe; Qe G/ﬁﬁbe%%}&cﬁ&’éd' b?rtho;elscg ordmary skill in the
elrves

art, a {laﬁ ware contr?lﬁ:r %esxgétecmo lmBFmSKH éheo?a c8{ah 10118ft10f1?] gta)b Ials% gé gsed Moreover, the
ﬁmch%aqr@n&ez@y i pepotse contslise 850y oy deasribeskhsreimmenbe performed by multple controller
deviceS hB&ﬂﬁt’&(ﬁ lthr&dgh&@® aOfystthe AdRRRAFE %cVﬁB&EsSco]a&Qlcr O may be a stand-alone
controﬁ’eQ Yf r§ %Rl@t(t%g ﬁth B{oggsf t%§12188 q%égx it .?I{?g bé %r to'im %/ngm controlling operations in

provi I'C
an m‘eéfaﬁt‘ Fl&t““ at*t“tftfﬂgmt fapilivy. Bortipnsef fhe drvension é‘tS‘r?PF‘tqu’“étng detgled description are
presengé petaghsod séfiverep ar dlgotithnd and syabebseprefeetifiant 6E6heRYors PR data bits within a
compulef RERSS. trRql §esmons]aﬂ&)rep@£LQmL&§ aRUhd ks G)h\% afﬁ'lgslé Io?&ljd%a skill in the

nmeasured by the netrology tool 130. In the illustrate
enbodi ment, the process controller 150 enploys a tine
di scounted exponentially weighted filtering techni que
for estimating process states associated with the
wafers 110. Generally, nmetrology data coll ected by the
nmetrol ogy tool 130 provides information for adjusting
an estlnated state enployed by the process controller

A ™~ — . . ..



facility, the invention is not so limted and nmay be
applied to other manufacturing environnents, and
wegsentialkl y any EWVMA application. The techni qres/US2007/004373
descri bed herein may be applied to a variety of
wor kpi eces including, but not limted to
m croprocessors, nenory devices, digital signal
processors, application specific integrated circuits
art effeétBSkiysdnveihe Qibkidice 8f theil wdrk hetietes ordindiyekill @CUe1art LXBalgBaithm, as the term
is use@ |h§'9 aQ@aSQQPLseE nLrQll))Nps SREFEES vO4 Qﬁ{coﬁsﬁ@gt é&l@h&%m&& iegtﬁmg to a desired

resu]t ﬁeces r?% 8”3 process cogt r ol Fr %
tonts YPS A sef@@‘“@ffg rm;@c pig gtx% 8 plj_lgtsal qu3 ms%l Qually, though not
necesgagity, ithebd @dntities ghnthe dorem Qfolnthableleatgt:ql,mqgnagﬂ'dme sigoals gaphble of being stored,

transfeie&hetonm@a EBipaRa, ﬂe\belee@ednaerma&a cmhtsxx&,s.r %v&&mm BhnYs, principally for
reasonso \é\A?’]mrl-nLclgﬁ.g%rg 19 E)efer 90r1hes nea[s af bl% Vaiugs I%men-[s ym%oﬂ clharacéers terms, numbers,

are Ive equ | on
°fm%ﬁﬁel or a nore conplex nodel such as a neur al
[0030pet WOr K Itshelad be iirmei6 infhd, hmmomerruu o ftiaebey Sd SinfilRCRAYms are to be associated
with {ﬁgqg;lmprﬂérphi'sﬁzlal ugﬁﬁ'gs M%@J 1%§|jel|9 gﬁ\%ﬁtﬁt%’heﬂg gp}&léﬁ ?t'pﬁ'nese quantities. Unless

uctu . ecific inpleneptation o
sy SRl Pt POy 4 P TGt s o ‘computing”o
“calcyhwtheT pngieteemhnz”qwe‘deelhmﬁ eut teentiket Fefer po deestorbaidngocesses of a computer
systexﬁodi}tsflﬂlal' B16btrohis |c5}ﬁnlﬁxhg§d&ﬂgttﬁﬁlmaﬂﬁﬁi§ttzs élxﬁQrangfaﬂls [kt ¢éprelented as physical,
electromc uan{mes th%ln 9’1:: v 1¥1 er s stcm nx% 19 er a xgo es mt er dat srmllarly represented

FAnet er s to requee variration rn ﬁ AFacT &F ¥ P P
as Phésrlca! Reantijies efr*'sml%cmut?g systeBcrYRies of tfeesqs 9r rpthef, guch information sorage,
transthikdichSi Higgl@dlededsodi nent, the process controller 150 is
[0031?uﬁ8[rlpub€ﬁerﬁ§/ O8lL g&%@g cyl\ftrslﬂ:rq% EM {s% ﬁxﬁ@%&ﬁ&t te gue for generating

Qns descr.i . However, as WI apprecl ate
procef, B 10 HOAUYE DRPRCST H RESeEPlons £ REFTRAPE (e the tme that te
waferg it we$ presessd@ i thnedl 120, 4o khe penaess tdngrolbar1 50 addheases the issue of out-of-order

procegsH@CtAinﬁsnamaMn alr&grspg aﬁb?r@aﬁllon,W@t@él@&ghtédh@chfxfdﬁ@héoo&s%ounts based on the
time nce the 15‘? gate Xpﬁlatc thprrbgr(r:ﬁS%n% Q%{ﬂg?ss ccfntrll§er 1?6’:l tglagg?ss the lssue of observation

ne e con
ﬁmsdeV|ces dlstrlbuted throughout a systent Addi tionally,
[00321 he pr OTRSEnGARGUatd 6 a thtOwdighyed IBWMA St EE W) 6s:
controller, it may be resident on the process too
120, 1%% gr it may be+part of a systen1 troIIing
opgL.atH = cumt=mﬁp ,uring 3)
facility. Péhﬁﬂahswa tﬁé%lnventlon and \c®brx espondi ng
detail ed description are presented in terns of

wheresﬁfrEM@Exﬁs a ﬁEdeﬁl—:ﬁlﬂJd' t%%ns%das&iéﬂ@@ it tHe @RIES BALALLRBRA that determines
per atl ons .on ut.er

o iRyl S REon P SL e iR, i % elnEoe i s the watenno
was pfiepssed ipiilssieolo200kdi (haw {=dki 4} Figure Rdystrates the weigirtedpplied to a particular
obser@G6/AR Y filnbkonSOhE bERIOE the Obsedvitidh in tivs l6f ih@elﬁﬂs@ﬁhﬁe sitfce processing.
(003307 di nar ¥ rFleSJ&hJuLn foPla felAfsidd ét-EvﬁHAgﬂlt goLithm as the term
used here, and as It I's used generally, is
concelved,to be a sel f-consi stent sequence of steps
Ie§q5n¢UﬁLj£ﬁhﬁmged result. The steps are those “)
reqU|r|ng»phy§gcal mani pul ati ons of physica
quantities. Usually, though not necessarily, these
wheredUantities take the formof optical, electrical, or
magneti c signals capable of being stored, transferred,
conbi ned, co ¥ d, and ot herw se nanlpulated It has
pr Qv co t} at tines reasons of
co%ﬁgﬁbﬁygég tojrefer(gg Fﬁgégggggﬁg+ dégyb ts ®)
val ues, elenents, synbols, characters, ternmns, nunbers,
or the |ike. [0030] It should be borne in nind,
however, that all of these and sinmilar terns are to be
associ ated with the appropriate physical quantities
and are nerely convenient |abels applied to these
guantities. Unless specifically stated otherw se, or
as i s apparent fronrthe discussion, ternms such as
"processing” or "conputing” or "calculating" or
"deternrnrng" or "drsplayrng" or the Irke refer to

T .

and



el ectronic quantities within the conputer systens

registers and nenories into other data simlarly
woemrasent ed as physical quantities wthin thePCcomnso004373

system nmenories or registers or other such information

storage, transm ssion or display devices. [0031]

Cenerally, the process controller ISO inplenents a

ti me-wei ghted technique for generating process state

esti mat es. ;gﬁ;j scounting the process state

obse[ atxpns—8y|.process time (i.e., the time that the (6)

waf er or 1ot Twals processed in the tool 120, 140), the

process controller 150 addresses the issue of

(oo34put - of - Qiefiﬁ{ng%gqg %%hx‘gq} ccﬁgﬂértd @xﬂ@hélz}&ed bﬁeﬁatfoﬁ GHith Sh \6Bservation age of
approai?’xgtell 1{ 191.18 to &-le nme d WB:W%E ?rﬁgass staﬁ o%setrﬁmo 15 gltscog?tex% such that it has a weighting

ased on 1
factor gf cAppreximptalyr Q45yin apdorsigion gvithFsugsion Ge Ssweo hillugtrtes ;2 nEg(pbegvation with no

metrodsgsh rdely t['h@w'bxﬁl&hh@ tator @B LY Bk ip_EU&esS 3k obbdMABS) is fent. In both cases the
prevx%% %Sgeﬂ&gg s%ﬂco(ugt)ed \%ﬁécko@?afw&/&bﬁcjﬁ Wasec‘ L& Sle time since the last state

represe
updath adet ermi ned time constant associated with the
[0035br ocess Thminggrowntn iFigureet] at dhraglifidd flow nfiagam dsfm/\mqbndcﬁoir jmplementing an Rt-

EWNB\r gvfxo%\ms 'l%tng‘})lgxr ggfé: g}/?'l&/%j{] S: nftlpcrptxr'r%a\?tloug \rz]/?llé y I(j?"? s\tge prewéus state estimate,

Pe» zﬂﬁ e ame + B¢ tﬂJ‘;@mﬁ&QLtatJ—%Qiate ]1@?9 vk | Etox%d Tcll.lp'datl the Ltgl)ed Rt-EWMA parameters,
Figure 2 illustrates the weight applied to a
the nqyeqosrealiPT 6 Hi5 ¢img st of thesprepefs Uit i 20 the Furtehetinpptampfaretdagsidered.
[00367 bserv atlnjn ng&h&ﬁ)lctcﬁ 566 tthrcLilaSs v@x@xﬁx?fgcty ae S, lp8§counted based on the elapsed
processing. [0033] Tthe equation for a ré&®rsive
time fhceEd/Prefipust state u;glate L(Equat-xon 5)n dnsneted block 5-10 ihé' wéighting) dscer for the new
obser?aélj)n m;fl(() bsgclzﬁ en&m}g e?g?s?dn on % V\llic’rnlfcrégsgtul‘n 3? % ’ua lC g n6 P t en)ew state estimate is
calculalcBs &l QleRNRd a@ba%@ bV @b h&P oWe;incﬁnyk Braehy atiion sﬁgzees%atc ¥4 » in method
ol kgggrOX|natel 4. Due to the time-delay, the process
oc

(Eguasion &) Jampiber Hlask 430 g etebinedisian isindatedby aidieg the discounted previous
weightigg bibi 18 Ghehare et faa@pr oxi mately 0. 25 in accordance
mﬁth Equation 6. Figure 4 illustrates a new
i{rvah;qp with no netrol ogy delay. The weighting
M 1€ 10®ras the process state observation is
current In both cases the previous weighting factor
[0037] s di scOuetigwfidant depbedefitbeRAEVNARGeaigno s that bisematioosnimay be “undone”

from Ihb @taie'eﬁfﬁna‘fd %9 e}IahnSlel &ﬁsﬁde? Wl & d&ﬁg@&ﬁe obsB9ARh rebidteq! |ﬁ|391 a fault condition

that d?es nott rﬁ%(fck &e %nerabprgcﬁs l Iyé‘\me&rg J legho gﬁtgzm of IF%PFE?EW 1dent:fymg that the
state ?lﬁefvmon ES/RAsociatnd]| withy 41’e°‘1§‘leé\9?11§‘u§nwe¢ gitould l{eozn%ftddwhentq@@nmmng the ‘state
estimgid. ENIVRUG;, ifi b dbrveRidhdl FilirSye BWKIA, sefiifglar dbeer{atibiecatihiod BPreMbved from the state

esnmz;t gncp Et%gg e agﬂl‘f%\%/j%d MBqﬁet s%at@(%ggatp eCMtﬁgI% aI %\e%% technique avoids

tore par aneters, new opbservation
the p‘?/‘ﬂ?i‘w withyput gfiopfler %’P‘ﬁf’ﬂi‘go‘F‘e ?bﬁ"e"’%‘f”bﬁ"é%’g updope if hg °bse%(?féf“t3kré‘“d process time
stampgcairaredmbwi:i ne st anp are consi dered. [0036] I n nethod
bl ock 500, the previous wei ghting factor, GJ old , is
di scount ed base ghe el apsed tine since the

€)

previ aug,Alat e p%l-&t— (Equation 5). |n thod bl ock

519, _the weighti\ng factor,far,thecn g rvation, Q0 ®)
emf is deter ned aséd bn e progcess fime, tp
(Equatloﬁhﬁ)‘”? state estimate is calcul ated as
a wei ghted aver age t he new observation, y and the
revious state estimate, y k , in nethod
[0038 Note that the weighting factor for removing the state observation is the same as was used for

adding the state observation, as it is based on the process time. Also, the composite weighting factor is adjusted

by simply subtracting the weighting factor added when the state observation was initially added.
-7-



bl ock 520 (Equation 4). In nmethod bl ock 530, the
wei ghting factor is updated by addi ng the di scounted
wonrewiiou®4 wei ghti ng factor to the new wei ghti ngCTas2@r004373

+1=w+new. (7) [0037] One significant advantage

of the Rti-EWWVA technique is that observations may be

"undone" fromthe state estinmate. For exanpl e,

consider that an outlier state observation resulted
[0039]r om a fihefdllowing etatpl lhistkads a6l @@mpRBtimpRintredivon bftBe - EWMA or Rt-EWMA
techniE0 Al %Lmi@&rﬁﬁ&&ﬁzgﬁ{c goﬁ‘ seukn@ B R85 SBGBIE, 10 s 01 20 is an eteh tool

tg ore_| ate € erv tion IS
and %glatvﬂl%tf 991 J3% B Sonfeped 3. '@?38% H'a .df!f% A 2, Epel FmF bl ciching process. A
feedbagkngnted] eqwhém cdplogedbyrtheygodeisgomtodierd 5@ &t accmdaer.:e ‘Hﬂnmw‘@mgrol model 160 for
deterinfhin@ af OV, TPRAl recursive EWWA setting an
observation cannot be renoved fromthe state estinate
once it has been a gregated into the state esti mate.
@@@&Tﬁ@%‘@ug - EWMA t echni que avoi ds the ©
problems with out of order processi ng, the observation
wher& B%s P Bastl BIIR B I:Jneﬁﬂaﬁduo%}é & VRl MR 1indeXvalu@ s Plubihg Eeﬁ‘arﬁétﬂeI'DT is a target
stanp, t., are known 0038] Note that ‘the wei ghti ng
trench dapthond{ P, isementimalg of theobstregddrenthsiently. atiegmiividuak tregchgigpth observations are
the pgo%es te %%g gvatxgns tﬁlaq %{'englte'feu%y Afl a l§ gI[ K%W te@l?mque to generate a state

process e conposi

estimpe Frg"ﬁqu‘i‘?gcef‘ﬁﬁ‘ttber presgnt H&T'ﬁ’@t‘ eHhW%‘T“ﬁ‘T:)‘I"’V”%‘l‘J@F tasget dany of fhe trench and the
state ysgingta fornig: tfeadi depth adid@dandaenvdliee Th gdirecopidserky epieGhits Wans aggressively the

proce'sJUoB&cﬁ‘lL:xl MOM&?Q e[rglgme Jeﬁl@h cfe l ow ng exanpl €

ustr exe ement ati on of the. t-EWA
o0udy | b ERACE eyt bR o OO P e pmiona counerpars
Whensf@tpﬂqyrﬁgin 3 ﬁmtamnsﬂmtll#o&sp regulay productiorpingervat brel iproodse stgte observations, as is
preseﬁtQﬁ)Ji se%m&u&oﬂﬁbrﬁ:ﬁﬁd’x\ eh@Rhméil dBJcEl@e m@t:ﬁ&hﬁg%sgﬁﬁions]@d&csumed based on

their {)rﬁ Ld ¢ I‘ glg oxt'dcr i SARk Ehe &Eﬁcrvat (%lp arﬁ reccnvet% dtoizs noF S u%xffpcatﬁg affb é( the reliability of

I'ng process.
the sef?p?ss%ta Hhys erengineotie perfermpncr oif | the prpgRss |°?P“&B?!0’r5t96né’é° in a recursive
implewdedithrioh e ety of tini dadys beednOgtatdl @pdatetNcall eOmiimieddCue to the discounting

applul:dI tgﬁme pIaEroué state J;ggtﬁl;l;gfat&{. T}gnce, mre'\& nt age)rvamg vﬁll Ic,Bgllre% g@eater weight in

IITE corresp ondi n e
detengg}ng éhe s}gte qsgm%{e PY$h r:hﬁ énobeasitaé g’yanoqu-lA]mz) olésextvgltfog%{nay be removed from the
state ¢stimpte if itdedstemminedthat Tiefepsscarpudist dapmat e of t he observed

(0041 ' ench €8P biHiculh @mbtithahtstliRlosddr SO ardl QR hEAD §rﬂf Va§tt1|1eoﬂ§entxon may be

modi ed aP%%ra%ttxc)ﬂo,@E eregt}:&% e Y rgr ¥ atelrs%géarefnt to %Oﬁ%?ﬁ%[eg nbtgeé?réleaémg the benefit
of ﬂleet%h'mt*\sreim Fageonerame dimjiptions h eltw@ste me detailseafcpnsimuctiqiher design herein
showd]i ditfef tham) 6L d@ibe® antht brindsakgel 1daphdeftk ciident i€ NG hadiBflar embodiments
discloggheab&e%a? b€ §ﬁe|ri&80tr glothﬂgd J‘ng gll LJcﬁ Q&Engxﬁ meh:oﬁs?c{eles %tﬁm% scope and spirit of

error va sent
the inyetipts s?FV%‘P%}y’tﬂi‘Fé" ‘8?°88‘bs§§gh& ’Eﬁ’i"t“? Pyt f°ﬁ§t§‘ “?eé‘a“t‘t‘ssbe%%’
errors in the trench depth. [0040] The t-EWA and
Rt - EAWWA have nunerous advantages over their
conventional counterparts when enployed in a situation
that |acks a regular production interval and in-order
state observations, as is present in a sem conduct or
fabrication environnent. Because the incom ng
observations are discounted based on their process
time, the order in which the observations are received
does not significantly affect the reliability of the
state estinmate, thus enhancing the performance of the
process controller 150. Also, in a recursive
i mpl ementation, the effects of tinme del ays between
state updates can be mnim zed due to the discounting
applied to the previous state weighting factor. Hence,
nore recent observations wllgbe given greater weight
in determning the state estinmate over the nore stale
observations. Al so, observations nmay be renoved from
t he




state estimate if it is determned that they represent
outlier data. [0041] The particul ar enbodi nents
wdizewwlioewd above are illustrative only, as thePCT/US2007/004373

invention may be nodified and practiced in different

but equi val ent manners apparent to those skilled in

the art having the benefit of the teachings herein.

Furthernore, no limtations are intended to the

details of construction or desivgh herein shown, other
-wgckagq as described in the clains below It is therefore

dent tq%%dtheﬁggrtlcular enbodi ments di scl osed

abbve A P RHRE ST PIEG W HPTATePS, SUPRSIne:

v arebmmam statg robseryetiny aderigdd with Itherprodes, the ope. chsrdvatign having an associated

of the bﬂM@Bﬁm@n Accordingly, t he protection sought
h er&l nttr{fsa w&l%r ghfac Gpr fto (Hscountt t‘ihﬁ,afrte ﬁlgservatxofn gfsggv %lnS eo %rocefs tléne and
Wi sqﬁeramtseéts@ssum%mﬁ on the giscopriedstapd ehgereatign. at e
observation associated with the process, the state.

°b§ er Vatﬂup Hnetlil@ty btnﬂ?u%nl §xg.ﬁxl R @glgﬁfng Gitor cto Etgses an e:(é)onentlal weighting

generatlng a |ng actor to count
factor (P ieeréit/ lgl: Iggo nl 2%2? vgﬁre[ ‘Ierggé?“s}f’!(?%t ég‘gg{ %teg%lgr?étn: gr%e and T is a
observatlon. ) thod of claim1, wherein the

mﬂEMEﬁgﬂﬁhwgmﬁamtor conprlses an exponential weighting
factor defined by >pem1mhere tp, is the process tinme,

ICg3n gt gg:rﬁeexgémépﬁ?etm w ere ger1er ltllﬁ ee gtaetr gslturllmgte furlher com s generating the

eéreln genera
state gstifpateysine@ "est“ferﬁﬂteee?ﬂ’atepw’élr/ weighipd e viag ayernger at | ng th e
state estimate using a ti me-wei ghted exponentially

wej ght e?’hméﬁcﬂgf é\t(xﬁ{ lag/ﬁerexﬂ igen-ggﬁnmé QQQ sgtnath lftﬁ'lhg] c%mpnses generating the

wher ei n generat | ng t e estl nmat

state CStPAlT YsUB 8 repatiee tpg- Hagt‘tf’eexgt"at*e‘%gt%m'@%.ahegaga
recursive tinme-wei ghted exponentially wei ghted novi ng
aver ag erheamtmh ot aﬁmoeth&a‘m geln@fttmgfthe stQQ%ttﬁta& fgmesca.tphtw
f/\BIlscﬁ'fn?.tn% a 555 itmnF tfe}ci, H‘oxg ag)?eé/\ﬂx g%age g&dgtf as TJ%’B%&OE Ogglg 5lapsed time since the
functloﬁmbﬁwﬁheuek&psed time since the previous state
u F@ﬁit&mg gl&n@ﬂaa&di s éshxﬁatkl Qﬂﬁﬁlﬁdxoﬁ Bﬁt!h@ di@&)ﬁﬁt%&ﬁe dser¥lation, the discounted

dlscounte reV|ous state

estPAsHige the “ﬁﬁaﬂ%ﬁﬁéﬂf ﬁ@d ‘t"n%e mwﬁd. ‘Y?gght‘%ecft‘%?f aphhe fyeiglting factor used to

t he di sdisomitéd stariobgatvativg. f act or and t he wei ghti ng

factor used to di scount the state observation. 6. The

ne, hod he state observatio

c ogr‘rpr is '3°“r°d PEp algtmg é’cfats*s‘é LR PRSFV2teR é°meés@s&sraffe°bsewaﬂm the
process Gip pampaisesa fifst progesytinese glghetmattind fther compriseet hod f urt her

c Q%’é[vin%%&ecoﬁ@ﬁﬁé VibsBx@atdn SE66MIEH \ﬁhﬁh@p@&&e{hv aécb&ﬂstate observation having a

associ a%egoqxd\é%qwqatgdgfocg s Qe 2 él’ler ta]r? the al{sgjp Scess nme

observat i on second assocl process tine
e fliscpusting thegseqnd state phsgfvation fased en the yegond mogee) tReiard t he
S epddtigl St athte eiba®e bysad brohe discdatedGEcohdi@atS @B adiofr 0OCess
time; and updating the state estimte based on the
dtﬁcounh% ﬁegogglstate obser vati on.

im 1, further comprising:
receiving a plurality of state observations associated with the process, each state observation having a
process time;
discounting each state observation as a function of its associated process time; and

generating the state estimate based on the discounted state observations.

9.



7. The method of claim1, further conprising:

receiving a plurality of state observations associ ated
WQi2047/180m04 pr ocess, each state observati on havi RQTAIS2007/004373

process time; discounting each state observation as a

function of its associated process tine; and

generating the state estinmate based on the di scounted

state observations. 8. The nethod of claim 7, wherein

generating the state estimate further conprises

geger at *I'ﬁkgmétﬁbdlm Q!ﬁtn?‘fj \ﬁlt‘:x%fnegen%?zl:t{ngﬁ\te %ta{e &t Ql%qasﬁ.l}fl?er E(Qndﬁge% generating an

each opse ti1on, wnerel n
updated: s?]ager %)s&ulmhta reg%onﬂveutﬁ g’&t"é‘:am&?éff‘% stalg ?brs[ra-t/aénoxf &F({ ngrem generating each updated
“me%%wmﬁﬁﬁeﬁcmgeﬁ@ratlng a new wei ghting factor for the
upgtadrathg i ﬁbﬁﬁwﬁﬁﬁtﬂnm&r & the fqﬂi@ﬁ& kiatd e&fmgtd"ﬁ spﬁﬁgtﬁﬁ%f the process time

tinme as§g§t %%gm E e _state. observat
i ncor PO rsa tce% i \gxe sfate oDsexala?ond)emF antcoerp%'%t A {c]) the updaQed state estimate;

di YTBHHHPS A Jreighins; fameri aPF@“?‘&tt"tS‘t a gEeRige mi@eﬂ %?'P Pstignate as a function of the
pr evi oudapsptibeesthcs tha péhe@Bdnl dl ik Pre@iBustuplididtiGtakestidie; hke
el @Qéﬁglgttﬁcr%d§t&p§eﬁe Qaﬁatg QQQ mgtliogr}:f gfe nteaq%e%ﬁxy d&é{e?r the state observation

updat ed _state esti mate; generatin

state eRFPeTBICmPoRed ntp Hﬁé't"i‘atfﬁ SiBte epppatsy gwdwe?"g f Mgighting factor associated

f act or , withthe pregibus updesed stata estiontehad tig pravivoy ypditat e dstihae.

t he updated state estimate, the discounted meighting

oot ma SRR ol & ROkt QB £t ik e observaions
% The nethod of claim 8, further conprising renoving 'a

S ejengiting a ¢ntovall weigh@ngSthAdreforahE RIcviad 51816 SbsBryatiod @£ fudtioR OF the associated

a rennv;ﬁwégﬂngh&hng factor for the selected state

obser vat as a function of the associated process

t .’ﬁ‘B"""&rfb" PIEREY 131G OYSHRation Pelng thgyseleptsd watp plsep/gtiop pshthe removal weighting

usi ng theosel ected state observation and the renoval

wei ghting factor. 10. The nmet hod of claim11, further

O g W PS5 L5 e
process conpr i ses a seni conductor fabrication process,
cant r ol THerggitol &f %m&s&efemrﬁ&ﬁbcem&hﬁﬁ 2 sgﬂ&ﬁlﬁmt(ﬂ ItAdication process,

controﬂxhg ld%anrgcegp Burld Lges &rem?n' OB rleaagtI cp ;{a%(r:nlegr to& 34 operating recipe for

seml conduct or fabrication pro es
semicqniycfon fpbricafipgy prases. 3 s t%gd Suther G?WRH’G‘?SOP‘OEF@S\H& gegniconductor devices
subsequenb Waigteauiting the atd¢astrons perangtet Sfidheadpeda@sécigene par anet er

of the operating recipe. 12. A system (100),

C ri ocess, tool (120, 140) operable to

pg??orﬁégg ng§g§mwﬂ§8€cordgnce MAth)anpoperatlng

r @®rqsess togl (124, 14 oppprbledaperprhBOhromsdn adsbdarco wiglemaperhiingaecipe;

S Eaie&olﬂé&ecﬁ (B0) 6p3raBls fQeherdiLktand Jblgeruﬁen $EQfakd vith @Bgro@ess and

%9&:15& chQHﬁlEr (Lk(ﬁ roFgrgbﬁeo )o rg&%r Sate ﬁbsgr%%txgaln,v t%e ttgtg ogservat?on having an

observatian, observati on

associ AFREIHT RRREEtingG pracratg a weiehiing faptaf ¢jtepiny the Staisobgervation based on
t 0 di scsuprbeebshems teaiicgat0 Sete \earinhadd bisas adl the rdiscbitep IsRESServation, and
time, QResliRlfeat %e%‘ét%m@c&ldf ﬂ@k&er&ﬁé F‘egpoE‘aséJL% thc sfate esttmate

di scounted state observation, determ ne at F

one paraneter of the operatlng reC|pe based on the

state estimate.

«10-



