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where the weighting factor, @, =(1-~/1) » discounts older measurements, and A is a tuning parameter that

affeots the level of discounting (e, 0< 1 <1).
{0011} In cases where the number of measurements is large, the oldest measurements have a

negligible contribution to the filtered value, and a recursive EWMA filter may be used:

P =1~ A}Pp+ Ay, . (2)
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prescat NRInfi@) 0@% éaxtro%@mglépioo%mgsoﬁf?rg%%&@g%ln %2?8% e::lh4 Qdf%%oplzg a second
proce@g 8&q§§ a&dgx é)mces? contg'olifzr 190 I‘é} e PISFes ntfo ol 15&@@‘Vﬁ%w£ﬂplﬁl§t"§“°bgy tool

recej ves
130 irﬁ é’ldga%sellh%l?pfeﬁgngrlé%qeﬁé orﬁaforé;ﬂté og)rhe BEess ©fls L9 ]@rtg@cggs variations in the

characiggities of 2@, probeb@d tvafersddY C OF saisé, atphi@td Prokeds EdAollers 150 may be provided for
- cach @RAIACHET TiRldaGitul® tontrNQcRhOGRS SF . %ée@src%ntgoglg- Isgcpend on the particular

procéés@!ylgéf@mﬁ %ptﬁer ;ﬁ&:@ss PJGBQ%? ?4](_)2?51 Ol l (]'.lﬁrac gg}}uf Tn%afnrglrby the metrology tool

p d f
150. et g’ﬁ’s‘“"‘e BRI it Byt Wéﬂ‘ﬁ.“ifc'ég $™elottt ¢ 6 SlscopBel exponentially
ng'a%‘pféﬁwgdﬁlwm foy atimpiing peprespravs eSebe:d pah florakd 1y ddigaily, metrology
data pHaed $8 tht 00tkdogd 201 130 4Qyida Rdodnht®n (ﬁiﬂﬁcﬁbﬁmgﬂagt%&@ EtheS r:rlnﬁo ed by the

proce@cﬂﬁtﬂ:ﬁi@dl SbYTﬁeh SifRld é?thcpingctl %9%1 %%Qess %o trol er IO'f‘or agﬁx.%tm%ggc operating

recipeec!m%g!)rﬂgﬁeg wof 36 (g 0CESS contt

mm?l scount ed expanential ly wei ght ed fil ter| ng techm que

0027 o est PlRrHl ipicpion Sdlessribed esit mardinpltaaitediit setmienductor fabrication
faciliggethedinention @ noGe hioitall ahd/mayrte tappdibdg th‘&ﬁaﬂ:ﬂfcﬁlnh@&t:@&tm@ﬂs, LR @ssentially

any ENBMILK @ﬂpﬁ@a}lori aed te&ﬁ@ue@ ﬁ&&ﬁb@@ﬁer&nﬂ%@rhmplhmo L Qa!ncg% HJE?I‘fqiwcgs including,
but nﬁnmﬁéJ lo%?:r@ﬁoc%&?g Znemgg do ylces al dﬂgﬂ)} %{r-c%c%seQBﬁ? aénggaggn specific integrated

circuify é%? e P‘é?tﬁ“:[gﬁ"ll“ fovisgy u"';*’t’lt‘f?&“‘%‘ﬁ%m@pé?"aiaq rgliadde iwodpigfes other than
semicpriucterdemicen| | ed t ool 120, 140. 100271Alt hough t he

{0028] nvent | THA ptoBesdRGEINEABE nA$ udeta cﬁﬁ%l REuel f@é'u@ﬁ@ﬂ&;@@s {o& l§0 140 being

contro‘ﬂ@cmo%gﬁgléc&%! JC%E I ﬁﬂtclnglgl %%%1 d)é% bet :De:vshtné:u, c?nl;]pu—llcglli]y using comrnonly
lmownnloncarfo (?1-[}':??31- tc(, ﬂ ﬁ%}fff’lgﬂo‘iﬁlr} 80 @g{éj@ ﬁtrqlaéuwlxlsuam?cq@mbased model

OF & MO SRS PesiEL, Su‘#hfé atﬂ@tffﬂ mteyerls nodhb peindids emb@i e iatmiya YA model, partial
least sqppb/Preidetipn toaamtlatmluﬁﬁrgs (PK.S) WK PTIRCRSIfit fhﬁ:heH'Qﬂxtﬂgn oimi’et comfﬁ model! 160
may vhﬂymkﬁeﬁfﬂngtdﬂ the hddORE: @ Qgéactemy F ?s}é'bglﬁgf' t:on{j o]g? gsmg the control

modclsiﬁgqeel pr&:e? %ﬁr&gr S150 m?;P eﬁ(r:n%%els?opnmaf ergcgpé:\ﬂa%@gters 9o-|-:ﬁrélce variation in the

cmmmFg%ﬁﬁ#&ﬁg’&ﬁﬁy”ﬁW%B“%ﬁmhppl|ed to worlcpi eces ot her
0029} han sdmrite dihvetest! GmbaibntinG @8 prob@e 28irdine 150 RBGESmputer programmed with

softwa@06 infplile the ERBiocABMscHER, oG L:Qitt HIR Lcna ﬁgy Rse topfgdmary skill in the
art, & %%@%m‘o@gl de&&x@d 1 ]léglege%t 919 par%cu trlrfu?lﬁ%) t oal%eb% use% Moregver, the

ﬁmcuoasexlmrtjr;nne %y lenpé?chis :gxllr?lVr {f& aﬁ gese@mmry mwwﬁfqnpqqléa pmupiple controlier
devicey, Sﬁmpqtcﬁletgfouqh@é Rnivejere s . Additienalho nber pheepoaietolld6 50N $2€a Rand-alone
controlieg litauialy Bedoyidest off e @roeirad! i1 20) lﬁﬁ&ﬁ%amh of{ syﬁen‘f‘%@olhng operations in

an mte&@t&’ﬂlu@%t r%ﬁ?dtunn@ﬂﬁhy apy np&%e? 51 Y9 aorrespont? rl;g(detmlled description are

ana

peesenl Iy e 8 o SRD SINBY 1 ARG B PPy SRl piday bis within o
compuipREer- THese & ﬁé’&’i“‘?ﬂs @nd i tseRsintsatd threnes bytviésh ¢tos of otdinary skill in the

nodel 160 may vary dependlgg on the nodeling techni que

sel ected and the process bet'ng controlled. Using the

control nodel 160, the process controller 150 may

determ ne operating recipe paraneters to reduce

variation in the characteristics of the wafers 110

bei ng processed. (0029jIn the illustrated enbodi nent,

the process controller 150 is a conputer programed

with software to inplenent the functions descri bed.




100321The general equation fora tinme-weighted EWA
filter (t-BEWMA) is: fOoYk (01.3)k-1 0-)2Yk-2 '"
(BnYk-,, =exp -"S , coo +col + co2 + +co" (3)
whaneidgeepresents a predetermned time consdeadnlszenrionssrs
associ ated with the process being nonitored that
det erm nes how qui ckly previous state observation
information is discounted, and r, is the el apsed tine
since the wafer/l ot was processed in the tool 120, 140
art effpptively chivey the pibstankd (ftheie warkitd dtestor @tliesy siBin Ve k@ hix algorithm, as the term
is usaitkd, 84 ad ibis &e@@eﬁ:&rﬁl@qls @;ﬁceﬂt@&ﬁ ﬁac\! @-:telf—@&m@lgnt @eqfxéflw §t&@!e§ifmg to a desired

resuith%haagtgpsoafre Ihos% 2 m%r 4 ys % d;}’ag Lrlﬁtmns of %‘ysnca qlf_antltxep %sually, though not

I nce proce 'on
neceﬁsgl& &,rtgﬁs%%uaﬁ? SE‘\?W ef om OpFI?I electR?’ﬂ;-or RlaWnﬂ%wpablc of being stored,
“"c‘“s(fel‘)"f!z Combingd,\gomizeed cnd WONFHGOTADEIAED APET B2 00T Tidest principally for
reasdns of c@dP(ibpagt 00B 4R biphdbGs BRWalul, fdngiE 8ynolsCRtichelOE B, numbers,
or tht fje- del ayed obser vat | on with an observati OE age of

r oxi the tine-delay, the process
o0 O CR UL 5 s SRRl "L GENE R T I o o o ossocioed
with fhej PreRHiAYg PRsictlangics apbaro bRl ceivpnit BE:lY mplisd cohdameetities. Unless
specifipiiin stiieflralitcvOR, @ as iFpgatenefréhn ihb HiktBision tt@fis ScH ¥ Yorocessing” or “computing” or

“calddRGH" %ﬁt‘de@ﬁm‘ﬂbgt Ror R(QSpmﬁhé ’oclrQﬂaythe Y to &SE!; %\t/lg\f%xrgn}dc&%s of a computer
REQC
systet'n 811 SQILI!&L §!fc£brbc fatﬁmutmg d vtcta tEa manlelgateq anc\?\ganéfﬂws ﬁl&ta ffg:&ie%tf;d as physical,

Ious
clecfoge RSt MUY FPRBEH R 19 ERFEPANSS e Shds dugeiibsrly represented
as phypieal wiatiities pitbie tervempuies sysemamenadipoatrezistet:00 3Be s inRgnation storage,
transByio @ dibrilgueeeed, a sinplified flow diagramof a nethod

[GBSf]or | npb@r@m 'tﬂlvgprégs:; IE:%ntrol@tl\‘}/% lnﬁnlea %V\@ tzmcw%ex%}k teecﬁ{sﬂxe for generating

procer:s)s sgatc %;ﬂ:gatesst a :s%%fmnﬁ,élte é)l;'o%c\:/sls grgtg g?glea-lwi 'ﬁ@ b(yl PRRS eSS f"ﬂﬁﬁ \he time that the
wafo ¢jdot BireRrpestyed g thaties! 1A8CIEPe the gweksirenteilo 169 addfegse shefistieof out-of:order
procdsdive. StdgirigelilyRin SNWEivE ABGiIBAEHE 1Ig, tinle RRigAieMeQRREY M@tdisehnts Vased on the

time 5@ tilcl [4¥BstaRd WP, @@reﬁMo@iB@@x@ §§ce@conﬁllerqg6itotat?&esg HE fsﬁ@gf chservation
time stanp are considered.

gaps.
[6032} The general equation for a time-weighted EWMA filter (¢EWMA) is:
N WY, + @ + ook —
Py = oV ' V-t 2 Vi 2 Y kon , @ =exp [_:) ’ 3)
@y O @, et @,

where 7 represents a predetermined time constant agsociated with the process being monitored that determines
- how quickly previous state observation information is discounted, and ¢ is the elapsed time since the wafer/lot
was processed in the tool 120, 140 (e, , =t ~ fp). Figure 2 illustrates the weight applied to a particular

observation as a function of the age of the observation in terms of the elapsed time since processing,

[0033} The equation for a recursive RI-EWMA, filter is:

o © V. +o,,. ¥

yk+l P 2. new naw , (4)

mk + a’new
where
—At ] ,
0, =0, . eXp| — |, ( Af = time since last state update) )
T

and



1003611 n net hod bl ock 500, the previous weighting
factor, Ok, is discounted based on the el apsed tine
since the previous state update (Equation 5). In
webhogsidock 510, the weighting factor for theR8W00437s
observation,, is determ ned based on the process tine,
4, (Equation 6). The new state estinmate is cal cul ated
as a wei ghted average of the new observation, yk, and

the previous state estimate, frk , in nethod bl ock 520
(Equation @), hn nmethod bl ock 530, the weighting

f ac®as =i0§PP'pd§t d by adding the di scounted previous (6)
wei ghti ng aéter to the new wei ghting factor: ic+l =

cot Onew (7) 1003710ne significant advantage of the
[003/ - EVWA Redariinginguao Figurd habnstibs:e tinadeiapaisobravstiddevithiin @REation age of

approfi@irll ne. sial e ﬁﬁ&dnﬂﬁ'ﬂﬁ -proEng sta@é@@sla@ou 1@(@&3&){1@@ gucﬁ fatinan weighting
factcgl&' dﬂpﬁfxm’?‘a{eﬁft (?250% §&Er¥a%£ ciuat l{lt ’?dF eomlustrftcs a new obgervatxon with no

h enera roce

meugpgy ‘é‘ﬁaﬁ i SR g Sa it H@raé i PEESs e absaway iSRUESE. o1 both cases he
previoge HeiEtipg fgrot i discotnivd is habrdangh wigh Saubtion ¥ tiagd as S Civatsidck the last state
updas. t h an outlier condition and should be ignored when

[oasgﬁt erm ni‘u%gtdaﬁ' t§t’i@&r§5 E\N\gﬁ'&& ﬂom%yrg ~ In-nlgthc?d for :mﬁalementmg an Ri-

conventl onal recursive ti ng an o servat
EWMA it vh o "éﬂﬁ%@*@r%fﬁﬁ{f%ém’gtﬂmp@vegst wwaht. &@,pmctbe mwchasate estimate,

Into t at €S t
Fir %%ﬁltuarugg:tg{;rﬁlg ?ittl?e prewo?sl;'sta e%dam%f stor u%dag\!}gistaxgd Ititﬁ%WMA parameters,
the ngy obskrertion. it rhe out stofp obhdﬁbceprnoce,asd mgqmtdn EnORGEH xR bisidied.
[003&12N be Ui Q.Qaﬂc% bliock §OB th%)p %%[‘SV »@e g!hgn[kkfaq\/or aa‘,? ?sz :gc%gn?e%%ﬁfzé on the elapsed

stanp, 4, are known
time siagepthe previoyst stptet Ypdate (Enuaﬁtéri%;) Ifz @884 b faomabve:gﬂmeg factor for the new

obsemtoght‘d ng IJ &%%Bedfbg{ed & %Vﬂgﬂ&ss th‘n?e ‘?t(gsﬁugtiontkzer’f\ﬁat I ogtate cstlmate is

the sane as was used for adding thée ate observarli
caloufgediab aivgichiads a@lramfttﬂaemp roﬁse&Stht JlRd hAlpEefioustsR@ estimate, yk, in method

It {i t.or t ed
RN T T -
we‘gﬂﬁégf\?é‘t’lﬂ’(ﬁﬁcwgghﬂ?ﬁfi!"F°&I |y added. 0039j The foll owi ng

exanple illustrates an exenplary inplenentation of the
t - EVeor, H& . EVWA techni que in a sem conduct or N
fabrication setting. In this illustrative exanple, the

{003 Hr 0Cess O‘h@ Qénéf“g)c%-g Iaclv?ma@@ ofeén&%e%vglg? et&ﬁxﬁ%u% E}eﬂle}nebsex?atto% may be “undone”

from tthe :-the est!fmate ebcdmp?%céon%({eé ﬁ'f"rf@ t}ua’&@.@gbseﬂatmfl éqéldﬁggkm a fault condition

that "e?frfm Bitecke @M—r@ ORIy dalsdmy cgqqsemm wipbiss aiemt rofird identifying that the
state dBBrvition &ACoordaeeh Wi bdiiet d@:dition brdahouDBteigncl&0wten ldetermining the -state

estimbt@ LIRS i & cRlbndnf) bec&élm’iWﬁﬁ'sethr% an I!Eewat:lﬁcahr(o?gre@vgd from the state
estlmée lncg g)has been aggrepated into the state estimate. Contrastingly, as the REEWMA, technique avoids
the problems with out of order processing, the observation can be undone if the observatiom, y,, and process time

stamp, 4, are knows:

~

n t —!
OV ~CXP| | Vy
J}k —

:” ~t
@y —EXp|

K i
s Wy =@, —EXp . (8)

T
T

[6038] 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~



where Ig is a base etch tine corresponding to a

default etch tinme value, k is a tuning paraneter, TOI
is a target trench depth, and /Dmis an estinate of

t he observed trench depth. The individual trench depth
observations arc the process state observations that

are filtered by the t-EWWA or Rt--EVWNMA technique to
generate a state estimate in accordancée with the

p&esent i nvention. The difference between the target
dEpth of tHeblreremrriitisuien state shiamh & o 0Fwkh reEwma
t PeHehin depidiwiefibeatos soif. @ thiDilustbie bimpte G &I 150 is am etch tool
cohse adblozy kool IBEPERGREL 15 mBOW tgcg_ig;me&;lrvc%ff%/mt he Process
OB bk @ bquhGD:ra BAPhSeLALEELANS L) the TTENEH fptipes 4
[(Qt%gjn%[jggmhtﬁlé\plé and R - BEAWA hEVE TRt Aeruitungrbiso for

over their conVentional counter parts when enpl oyed in
a sityatjon that,lacks a regular production interval
and i & Bd“re}‘r(r%*[“gpa)obser vations, as is present in a
sem conduct or fabrication environnent. Because the

VT nsolss Bracateipaiins @6 Borot &6 GNLR DRSS oot B 2 farger

r
RLQGE ISk B e order in which the observations are
recel védIl ?8‘2’% no ‘"'t%‘l’{g‘ﬁ?bf"i“’é"afﬁﬂ‘ SFptaf Heipdividudheench ddptk etisirdatiotisyare
BF Predre st ehpeatsst hammmt Blerct hiSe @rANGI BB HA GaRRL O[ IR e
6ﬁmqeh@°®ﬁ@mmﬂﬂﬁ$ﬁ iﬂ{axjti@f Tﬂeﬁgferer@ b§t9¢en jh ntaraét Jeeté: lilgtgi V% d
bR ok cprk DRI LB | e Ol L1 TE AET QVS “De WREH e
5488 GudRIBS B3 §AN0E, TN M t{ed1 FUS T B b g et wrtsiively te
i tt'e wei ghting factor.. Hence,

lied t previ ous
iyl ect_é‘ﬁi*Ejg@é‘ea?‘{}ﬁiﬁ%shﬂwwmwedvgmew vy ictr@stionebgiiadarts

re Ml
wagn ed‘lg %? i arffegpe tHidacky prralewtddiat igeraVal e sH® LiRerdliodd, & i
PHES ST A IrS T B Go envdlyget. \Beatsk B4l ScomBbb-0a 5 TG i £,
thelgrooss Brbeetheasied INBHECR thi SosdrbtohsSre M85EY T, & Qg&ﬁlé'a%ﬁry a&clgt% reliability of
a

te apk eg@Rt, @ Erlﬂﬁﬁingd@é ?crf'dt m91934<;lf] ﬂ-ilx;gpemc%aaotgllfﬂﬁ%tlfov e*¥n F‘y‘"’ reygive

RO BR Sl 5 L OSEY ,above are | Pat
ool oo ﬂfgg‘qgui 90, E%/ B S PP “PrasiinEetiior i the dicounting
Lditerent bl S GUPS/ A8 renshraims erast chopraivre mill b¢ gvet PESBveight in
SKIT ST SPRESEHE O%F o Mo Abrgbaprtiond obtef doferv@ibus kyeve teaed kRO
;’ng"“é’imﬁ{f‘“lzﬁ?ﬁt“}%‘i*muh'af,mpﬁmtbdmi&nati ons are intended to
e det &bk sartipflar eOHIGHMnt Gl e HE Rl ve L Be B0
mogiitviend AR el (ASEAR 36 bdu8G: el Qﬁax ! :Q%b%sk,&% u,;as ?le f‘:‘%ﬂ“:ntlions nay be
of i REREOE RS WirblBRle, 1oMBhaib 1S, RALLT CUI aF eftdo i frispahe beefie
. e, 81 Tfre ten&ed tcf, 1%%1{9 1]-‘ or 44sipa herein,
st Sk ORE G ARQVE;, TRY, be @ ered o P STt At
asUGT VAT T Al oS "af & " CO RS &y BHrSf tith i &e petpe aghdidke
L nvention, HEE SFeredties g all sudlevapntion ectoistnedsorght seder i N o
the jnyenting. Aqsqrdingzbythejroteqtiort shrglt bt {18 selTn @\t CONENDED SHEET
Claims |. A nmethod for estimating a state associ at ed
W th a process, -conpri sing: recei ving one and/ or
plurality of state observations associated with the
process, each state observation having an associ ated
process time indicating a tinme at which the process
was conducted for the associated state observation;
generating one and/or plurality of weighting factor to
di scount each associated state observation as a
function of a value of each associ ated process tine;
and generating a state estinate based on the
di scounted state observations using ywiyk +-w ykk, +
(02y k , + + ny k_n the equation (00 + W ++ + where
) to; = exp/il- ? r-where ti equals a current tine, t,
m nus the associated procgss tine tp. 2. A nethod for
estimating a state associated with a process,

conpri si ng:

AMENDED SHEET



receiving one and/or plurality of state observations
associ ated with the process, each state observation
having an associated process tine indicating a tine at
whi ch the process was conducted for the associated
state observation; generatlafigs one and/ or plurality of
wei ghting factor to di scount each associ ated state
1. obsey yat, @orac%tiﬁ‘lafng%‘ﬁtsﬂaE&nasQ%iaﬁ‘e&/ @ltHg.pPJcegs?ggn?rising:
associ ated process tine;, and generating a’'state
est irergtvengh asie daifort ipbirglitg colintagd obtat@iopbsasaditednsith the
' y "e" J uation YK+l - wk y k+ . Where
pi(f%sglgr,] g%ch’o'sit%é 85%’1"-’3}&‘?))6“ hggx&géla..assoclfatgd RRpESS ¥11116 ]é%l/l'éngt zbtelme at
wHIEPHE PRRES W’ ASRAL Rl 8 RERERSPstht Wservation:
generating one and/or plurality of weighting factor to discount each associated
state observation as a function of a value of each associated process time; and
generating a state estimate based on the discounted state observations using

A
. WV, Oy, LV, .Y,
the equation ykﬂ o 0-}#. lyi. 1 2052 H}A " ,
(1)0 + (UI + (1)2 + ...+ (U”

where

—f.
W, =exp] —
T

where t; equals a current time, t, minus the associated process time tp.

2, A method for estimating a state associated with a process, comprising:
receiving one and/or plurality of state observations associated with the
process, cach state observation having an associated process time indicating a time at
which the process was conducted for the associated state observation:
generating one and/or plurality of weighting factor to discount each associated
state observation as a function of a value of each associated process time; and

generating a state estimate based on the discounted state observations using

A
: O, Y+ WV,
the equation y,,, = £ Vi D e \
Wy +

e

where

At ) t,—1
Wy = W 0 eXpl— | and @, , =exp
T T

where t, represents the associated process time.



