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Hencprthe/d)];mlmzed 40%is pomf[gmedltdﬂ restigdany number of feedback values from the estimator

405. More specifically, when it receives the feedback values from the estimator 405, the optimizer



enbodi nents, if the two or nore previous data points
were not marked as outliers, the data point is
waolesu@ni®d as an erroneous outlier. Once agai PCT/NS2003/023964
f eedback value is connunlcat%ﬁuto the optim zer 407
en no feedback value is co cat the opti
407 S s EOBRLIATHIE TS o P eGR Fpen 195?%&%@31 piipeiers, fhe
optiGRE 400 laly REndi P Salter@fusthidhts td e plevib@ARE ofSOAMOI parameters based on the
odi nents, . instead of preventing the feedback val ue

ﬁmdUgeé@E?VE@ﬁﬁa1date outlier frombeing input to the

OptIhBhESE-ddRAibedXedthe SN dnlr@Rt 4065aré hdvs Hespicl of fBE detlaﬂ] by
t hese odlnen f .the present vention, even
referrifg Lo FIG) gb Marep%? afl, e tPRE am%fp Ot lavenﬁon in order

to deddtinkre®f a ddtd pdidies maﬁlalaﬁte B@BerbedtMBE] tilte idiakd QL Bhst suntk
the predicted value falls bel ow above. the thres

| .
emboAERAS ok thepresent BUIHER: RN ¢X1o0RUAYy - WERHEh e YRS avetaéeﬂ'ﬁ A) filter is

usedO Bt édboghentOf theprdentusRakidnNothettgidh aitﬂlmgs cah BBo BOMkd ng finite-
paraneters, It should be noted that the thresh

1mptg§e§65p81éseamfngf?91§1p3]§e repopse, Py wavglst-based faltprs, In E@gol?owmg example, the
expdAeitRITwREStet Adlvink A CerRfca¥ @Hance 8f Pre@idRtvalyd SarleRpéfted as:
outlier (or a candidate outlier this condition is
simlar to the one depifiFed A, FI64)S, because the
change that took place with the previous data point
The E&f&fs#cfﬁﬁﬁa vhifle bi\Earib ﬁsmuo@l@st& RQlets; | n such a case,
eedback val ue of the revious data poi nt woul d
not have been connunlcatedy&ﬂ she optim zer 407 for
the previous data point, wheh it shoul d have been
hel because it represented a change. Hence, the estinator
WICRO5 first cal cul ates the feedback value of the
presfi ous_ dat d dback val ue of the new
L. da?g pof%?“mﬁm %ﬁdggﬂ%&ﬁaﬁA&%%%he |atter value is
co nicated to the optim zer 407 to be used in
2. cal‘eul ati tgdiffencaCiRniden thefdats doit idprddidie@ipyat® Tgr.wafer k, and it can be
Although t he above description is provided for
procegswﬂgfpw@wdata point to cal cul ate one feedback
expresgtdas” “any Munber"hsfe data points can be used in
calculatlng any nunber of feedback values. Hence, the

actu

optini zey; 1407 is gopfi S S8l 6ud ae{sgxgggtgfgfw%%{xgm& of

feedback val ues from{he est
spegi.fd.£al 1y, when it receives the feedback val ues
froit he est iight predidRB valhd 1@ tiaptwatirzar adi0 2004/ 013715
PCT/ US2003/ 023964 6 407 cal cul ates a new set of
coqgrol paraneters. In cal qplatln the new set of
3. cont'r ol ipfieadhaieralue forfime i @nféi‘a%e?sefrﬁgﬁqg?t%? {pr pRlgudating a
ustnments to the previous set of control paraneters
ﬁ*dﬁﬁkéﬂu%ﬁafﬁgowFeedback val ues received. The
above-descri bed features of the controller 406 are now
described in nore deuﬂfl 6ﬂ<:K9%err|ng to FIG 6. Mire
specifically, in at |egast i ments of the
present invention, |ngﬁﬁdg§%n§éﬁdete#n1ne if a data
point is a candldate€6@tller a statistical filter is
used. In at | east sonmg &mpodlnents of the present
i nvention, an exponentléIIY’ME|ghted novi ng aver age
(EWMA) filter is wused. In enbodinents of the present
I Nv@Blel ORis 2 @bdIBEiert YiRRFoGhe EWIM A bSse AlleralBigh ROpHGAMy a function of
e.g., finite- inpulse response, infinite- |nqu

response, or wavel et-based filter In the foll ow ng
ex gmg|agd/01t (tker processing events (the value of k may also be set to be a function of



exponenti al | y-wei ghted novi ng average for variance of
predi ction val ue can be expressed as: Sk = QFk -Ak )2
we2¢02/0N78K | The correspondi ng val ue of standeeTusS2003/023964

deviation is expressed as: sk = Sk mhere 1. is a
coefficient used for the EWK filter: 2. Fk is th
di fieds apRRerglisinse FopHEed g %poﬂsr WPe aﬁmmﬁfseraﬁa@ti Etpn e the
for wafer K, and it can be actual gredlcted expressed

as bygnaing ofgaey lot grghange inrqcgssicopdiion);a@dt he act ual

vaI ue neasured at time/wafer k-1; and yk predicted is

t hek A6 g Jhied @aﬂeﬂ’ éﬂth'é? c@éfflctlérﬁfe\(/li‘i\@rf c%ﬁ b&sek to @J&ﬁaﬁ valﬁg K fgs 0A.

f eedback val ue K, . One exanpl e set

€q lzbétth@al?)gvéc &]?JatﬁfﬁL th' Itkﬁtféerdgacﬁ valfu§ gaRackny R4 §a11§3915 updated when
fo K, Ak+I Xka+ 1-2k) Ak else

he %\‘éxcgas e gf{] d tﬁle db%%ka\llag.l%g{) %r%a%r%ﬁ'ﬁ aléggc?ﬁefd(%%rc%lﬁﬁo falue K,s

Thistplaves it or thoslheof Puswess iltregpement 407 (meryenakal ue of k k

rmC)H E}fé?geo%?b %g%ri)%d ?ﬁlaﬁ?ns Utﬂg Et & dge‘eg%ﬁ@ ng %gt[hgrgtgezn e pointisa
candjdategrettliepis dasvabdve rFutsty plencf dampmé @srecreeleé:taerm\énmbl agejld its square-
root @glué Q\t?ei 1539%% g}ﬂzg %&1) 1 Usﬂlg W +a%es %ﬁ%&’l@ﬂﬂ@st ﬁ%e%%e%%é determine

I's”a val ue ca out |
whemtileﬁﬁua(polatusacmdat@omanr Borgstanteo a certain vaI ue,
t he above equations for the feedback
Vbl 1%? Cdte, thients pedbache makedesisandigdat-e; when
the difference between F. and the feedback value is

e A SR R R OL?anﬁﬁrtﬁsg hgé?fiit he
407 i
ggfﬁ‘iﬁ%ﬂ %ﬁrg casteﬁglng%{téBmBTfls H‘élufﬁ%?% i\%ne he?sfrhle Sat a

point is a candidate outlier i s descrl bed. First,

when a data point is received, a noving average and
its square- root values are updated (step 601). Using

t hésetheratardss the dati prietih olatked est candidge phitbente gl 'OAk( is greater
determ ne when the data point is a candidate outlier.

than o1 ,i M It@snrﬁ)% marked as an outlier otherwise. Here, K is set to a certain value, e.g., 3. The
actual marking is designated as follows:

“0” if the data point is not a candidate;

“1” if actual value for the data point is significantly higher than predicted value and feed back
(a candidate); and

“-1” if actual value for the data point is significantly lower than predicted value and feed back
(a candidate).

After determining whether a data point is a candidate or not, the estimator 405 determines a
state of the data point. Here, a state indicates whether the previous data point was marked as an
outlier (step 603):

if the data point is not a candidate outlier, the state is set to ‘regular’;

if the data point is a candidate outlier and the previous data point was not marked as an
outlier, then the data point is meanwhile regarded as an outlier, and the state is set to
‘ignore’; and

if the data point is a candidate outlier and the previous data point was not marked as an

outlier, both points are used for the filter calculations, and the state is set to ‘two’.



if (Fk - Ak) >- Ksk_1, the data point can be marked as

"candi date = 1"; if (Fk - Ak) "'-K --1, the data
w@eioan137ss mar ked as "candidate = -1"; and i n BECT/USLI00®023964
cases the data point is marked as "candidate = 0". In

ot her rds,. the data point is marked as a cangdj date _
ouPﬁﬁeéﬁﬁﬁ@ngﬁ& Set oppse dqp@d@srt%aaf@fur? HﬁﬁbW§r¢ieaerib%ﬂ%atPie of getting the
not marked as an outlier otherwise. Here, Kis set to
a cert aifPSFIRAAPPE 3. The actual marking is
designated as follows: "0" if the data point is not a
carfliiydfige ==19 it actual value for the data point is
significant]y higher than predicted val ue and feed
back Ta'°8%Ati date); and "-1" if actual value for the
dat a poi nt is ji nificantly I/ovver than predicted val ue
If caygiqate ke f apd crrdiddie "grmdivndé@y != Af t er det er mi ni ng
whet her a data point is a candidate or not, the
estYfiato8"%65 deternines a state of the data point.
Here, a state indicates whether the previous data
If cagdiigte 'S8 ¢narsrmcddrisgrescndaer Fer! (step 603): if the
data point is not a candidate outlier, the state is
setto="M™8gul ar' ; if the data point is a candi date
outlier and the previous data point was not marked as
captye Pojydiid1%8r | then the data point is meanwhile regarded
as an qutlier, and the state is set to “ignore'; and_ .
i f gethgstel st At epQibgd aboney thfAsumplat 445aertoping thepeps described in
conrRE@A VAKSFIGAS & RRUREnIVES fed@aclPliee dn addii@ih, the Witinla@r 405 also
ot h poi nt? are used for the filter cal cul a,}i ons, and
calcltl Ries wrigpsvalues ggfpe ?@onq%ly—WWt%@aylea@‘Fiage filter and 1ts variance to be
usedR{Heh UR23R310386 4rivés: The following is a set of pseudo
codes that capture the above-described feature of .
If sttt Pig “fhBew Leapmiores igeced st g p&rnﬁ? e doilfingpqauetions calculate
the RlueStoathe previdue gid 188 predeht @ shirdats@pd 605Qn@BOY) and feedback values.

candi date*prev_candidate !'=1 State = "jgnore’ |f
Siacafihdat 8.4 F 0Tan®Secandi daf e*dr SvhoBndi Gbt ek
State = "two' capture pos and neg. Once the state is

setc¢ as pdeschi abpwe, the estingt pr 405 pgsforns the
st eSﬁs 'gg@trfxfﬁg% n \é'b'ﬁnem ion"with FI é 5P%1k
cal cul ating the feedback value. In addition, the

estdknsa@ 405 al so

If state=="regular’: The following equatioﬁs calculate the values for the present data points (step
607) and feedback values.
Sk:ﬂ(Fk_Ak)z'l_(l_ﬂ)Sk——l ilek_Ak‘ZKnSk

§p = \/Ek_ else

Apn =4,

If state=="ignore’ (implemented also if no wafer arrived in case of missing data): The previously set

values are as indicated below.



cal cul ates various val ues of the

exponenti al | y-wei ghted noving average filter and its
W(\)ra(mimmesto be wused when the next data poi nt PEr/Uswe3023964

If state=="two' and new datagom nt was marked as "-1 "

or "+1 ": The foll owi ng eguat’ions calculate the

values for the previous and the present data points

(steps 605 and 607) and feedback values. Sk 1
Sy =5t3(Fk_t -'k_1)a +(1-fl)Bk-1 Ak = 2k | Fk_1 +(1-2k-1

)Ok-1 Sk = f3(Fk Ck)2+( )@gSk Ak+1 -2kFk +(1- Ak

) Sk = Sk | f state=="repul ar®™ %ﬁe foll ow ng
‘%:egggtions cal cul ate the vhl ues for the present data

points (step 607) and fekedback val ues.

Sk=8( Fk- Ok) 2+(1-))Sk-1 ifl Fk- Okl > K'sk Ak+1 = kk Fk +

(1 - Xk YAK Sk = Sk else 4k+1 = Ak |If state=="ignore

(inplenmented also if no wafer arrived in case of

m ssing data): The previously set values are as

I ndi cat ed bel ow. WO 2004/ 013715 PCT/ US2003/ 023964 9

Sk Nogkiumingide gescripgiembopimeniSikelning to identifiigs ausl ra@eing gydlier

tTR @Zﬁaﬂe{tﬁ&%&th lesothéslﬁ lﬁﬁe\éhﬂ&n& G dy DN dRPto problems related

I er nmeasur ene tS in ca atlng g 0|nts
to the merrplegy sietipge pushenmisaligynenicd uhe r@lf@elr@réeqbp inates or énecip eHysical

phetkgleﬁi]&cﬁ@g th® bl@&)ﬁceséf%taftlgfg %@%r@ﬁeﬂ%&%hﬁ\@ enQef thd P€asurement

measur enent coordi nates or due to S| cal henonena
accugngyh Thgsefpiseit prdegmhledo ientiapnd remeve Olrﬂﬁ»‘é geasme@@mé fygfore they are used
in caﬁlﬁ%ﬁ% Mgh }foﬂlt@f UL RGE s MRASMRR e préd&ft tv@ftYon, measurements and
her ef or e, is desirable to identify and renpve
infoignptipp @qedeﬁetg glgtp@p;@qﬁlgha@%mg Fasourepeipecifie Thaegeans fhe information is retained
basef ﬁb&H’v}ﬂEﬂ Hciflaldl RUhRhser tHeWaldr vk %Ees%&”%ls%”{%@ JLIERRbShe

t he present |nvent|on measur enents and
statlﬁtﬁﬁlemmm o adapiggeguslp Mgtainedianelatiye values sather thap asghselate values.

S p@&thteée%mbmﬁ&n@ﬁﬁ@&uhﬁer 0¥ Ifa&elmg b %nbe? of ﬁ&e@h@edms from one or
based upon which gFCI ic tool or chanbe he waf er

morgefgnqgiolngs satiens 4 eisp TPhe Iy parikedars the csifpgtor éQSaFP‘iaglﬁ P pient

infodRabY & RtedhRe BOVRN FHERL BbYorRAIM R tHAQMA R Sval ﬁlloé’ésée\fle After receiving
val ues rather than as absol ute values. |In thes

the resABEEIFRSHIEQM thetfetrialogy sals: thpstimgioeflPeralcylaiss el megt and variance
valuEE.E@t%pJ Y63E 7p%rtfc'hl'.ifntli}‘:f}fﬁeaﬁa fand PRiakceQfe Jﬁ%ﬁe’és@h Qgy stations
03 (step 701). In particular, the estimator 405

reta s $uificient information to deternmine in which

spec |cnt  or chanber the wafer was processed.

After reée|V|ng the neasurenents fromthe netrol ogy

statlo s, the estinator 405 cal cul ates their nmean and

varj a cel ﬁi

n,—1Jx

where,

data sets are designated as set j and run/wafer i ;
M, is the mean; and

V; is the variance.

The mean and variance values can be calculated using a portion or all of the population of the
measurements collected for the run/wafer i. The set i corresponds to data which is a subset of the total
measurements performed, defined as xy where k=1, ..., n;, with n; being the fraction of the total data

collected for the run/wafer i.



val ues (step 703). In particular, the nean and

variance are expressed as: 1 1li M =Y} xjk Yli k=1
w&2004/0(K1K -M)2 ni - 1 k=1 where, data setSP@r/@s2003/023964
desi gnat ed as set j and run/wafer i ; MMis the nean;

an% V:.is the variance. The an and vari ance ‘éal ues,l

carise Pt s Faduee; rﬁﬁ‘“@“ﬁﬂ?& PraFestss thy Vprisgien e metrology scales

w1th@l§l¥)dizle %é @uedh sctah@g O}ﬁﬁlﬁﬁﬂj{i 8IMBdseGRd Yagieh R0y fa@quatdalenean) can be
run/ wa [

. The corresponds t(ifdata vvhllg?t} gﬁ
perforpgd agd %crw% e %@daYaﬂaw:éa@u FOMETR 2 PeFFis Pirigmed s 9r Hig scaling
oper&ﬁ)nXb Keté‘&ﬁﬁﬁeﬁf e mkan is teo snidll to péi\fohﬁ alc;ahb%bﬂé%tifoﬂ €.g., a half of a squared
fraction of the total data_ _col Lect ed

mea Yy frafller thagihe yaemnee ¢isp 785 pEhe isolsds ptogped, a fegister called

“FLAGN et th ohDEiep 569)1 GARKNERIs AR PetfRmbl l’tﬁemB"LAGO @@gﬁ@@&nd the scaled
the variation of the netrology scales wth

variange.are 8 1, 267Q,sted 109 ¢ b fofonmaish sebef cgyatigns dea‘ff\Pi“tﬁ thige fegigres:
var.i.a quared nean) can be perforned and
st er@%aﬁﬁzi Z@Eﬂ ed variance, D . However, a check is
perfprpeptyefore the scaling operation to determ ne
if the nean is too snall to performa scaling
operatio; e.g., a half of a squared nean value is
smal ter n the variance (step 705). If the scaling
is perforred, a register called "FLAG is set to one
(stedpe 709). If the scaling is not perforned, the
"FLAG' register and the scaled variance are set to
zeroD(§thp 707). The following is a set of equations
desc 'CFg hese features: if (V<M /[/2) FLAG1l D=
se' Di =O FLAG=0 The estimator 405 then

aI culates a filtered estimate of the DI and V1, which
ar dhg é@h@p@ﬂ%thelgpal%l}p@esv filtered estimate of the D; and V;, which are designated

D’ andV/
as nd Vs, , respectively (step 711). One example filter is the EWMA.

if i=1
D’/ =D,
Vi-{l =V,
else

D’ =\-min(D,,,D;)+(1-1)- D/

i+1°

VI =A-min(V,,,V;)+{1-1)-V/

The estimator 405 then calculates the standard deviation, ;. This value is calculated in two

different ways based on to which value the “FLAG” was set (step 713).



as +}~ , respectively (step 711). One exanple filter
is the EWVMA.  if i=1f D+l - Di. V+1V else Dfl =

wo2ommiom7¢Di +1, D.) + (1- X) DfF Vif =X PCT/US2003/023964
m n(V+1, V) +(1-k) Vf The estinmator 405 then cal cul ates
the standard deviation, 6i. is value is calcul ated

|nlf\/\b—1d|fferent ways based on to which val ue the

" FLAG, f%%ff (step 713). WD 2004/013715

PCT/ 023964 11 if i=1if FLAGE1l 61= DZ else
61 =V Ige\tp FLAG=1 U = DZ else Ul =V The

esti mat orf 485 which receives a reliability level from
a usejgdstep 715), calculates a sigma coefficient Kf,
based on the _reliability level. The estimtor 405 al so
cal cul ates= medi an, R 1, of the neasurenent val ues
(step 717). US| ng the nedian, R 1, for run/wafer i
datedseet j, the sigma coefficient Kf, and the

filte i yate of the standard deviation 61, the
esti &g?gol}‘gi}%qgal cul ates an interval (step 719). An
exanpl e of t interval can be expressed as: if FLAG
=1 R 1- ®fBIRil < xki < R, + KI61R 1 else R,

- Kf 0l 75xk1 <R11+Kf 61 The estimator 405 cal cul ates the
average of the set of neasurenment val ues that fall

W thin tJ]g terval (step 721). The estimator 405
repl aces ‘al N "freasurenents in set j that |ie outside

the interval
The estimator 405, which receives a reliability level from a user (step 715), calculates a sigma

coefficient Kj, based on the reliability level. The estimator 405 also calculates the median, Rj;, of the

measurement values (step 717). Using the median, R;;, for run/wafer i data set j, the sigma coefficient

K}, and the filtered estimate of the standard deviation Oi , the estimator 405 calculates an interval (step
719). An example of the interval can be expressed as:
if FLAG=1
R,—K,0R; <x; SR;+K.0R,

else
Rﬁ —Kfal. < x, SRﬁ +Kfal

The estimator 405 calculates the average of the set of measurement values that fall within the
interval (step 721). The estimator 405 replaces all measurements in set j that lie outside the interval
with the average value, and sets these points to be outliers (step 723). The estimator 405 then
recalculates and stores the filtered estimate values (step 725). The value of A is configurable in a
graphical user interface.

Although embodiments described above in connection with FIG. 7 have been separately
described from the embodiments describe above in connection with FIGs. 5-6, it should be noted that
features of these embodiments can be combined. For instance, when one or more metrology stations
make a number of measurements on a processed wafer, these measurements can first undergo the
calculations as illustrated in FIG. 7. Subsequently, the calculated averages are designated as data

points, and then can undergo the processes as illustrated in FIGs. 5-6. Example embodiments of the



with the average value, and sets these points to be
outliers (step 723). The estimtor 405 then
wo e@alocaThat es and stores the filtered esti nat ePOBRUSES3/023964

(step 725). The val ue of 2 | conf| gurable in a
aphi cal user interface. &P gh enbodi nents
Pfes%i‘é%?‘?%’&&’aéb%%ﬂﬁt iea%éaemeﬂ%e Fope fip @escribghelovwin gppmection with

F1(3§gp1@[1@1ggl y descri bed from t he errbodl ments descri be
ove in connectlon Wit it should be note

t héts Wysirafed, pddGoyA t@?@%@%dw H@H{dg th@a‘(ﬁluﬁ ef gttt <GOF> are

receﬁ@d f1b1’ﬁ %&Ml%log%@ﬁﬂ"or@ 4683 Qtep 01)E THEEHiRIQ0 WOSEAUI @ Wmeasurement
a nunbe nmeasur enent s _on adgr ocessed waf er,

Outh%%geémﬁ%@gea ﬁ@% r% ster s SpHafo i sfepsgissaried ahoxg B foBRerigngvith

calc@tinglah UtdriAtQAhd NedshiGinerfs; hSWHRE G @B e)hbo&lﬁfén@ ail&Gbﬁhﬁﬁstatlstlcal
aver a%es are des nated as data poi nts, an

outligr e arﬁpﬁ%ﬁﬁﬂlése tolled opupty e it By IPFHPSFJ&SO% Tgail measuroments

are JaKsRIASnEANAD theBR hifea Qe i AR BRALDIRAIPing a feedback value (step 809).
PCT/ US2003/ 023964, 12 present invention that conbin

If alk racasyrermenty 4 nokoMisids edntamyely Bemihe etfiswéar P erladaies s EW erage value of

the rﬁ@ﬁﬁ&ﬁéﬂtmat%ﬁ kmhd%h)@sntex% (SIS AR. THY e sfithhttS405 MR Gplidies statistical
neasurenents that include the val ue of

mforg@&%@geg 843). yhich gandthop N T e o gRpeific

cont®l8d b@HS idhDré B8 PuBGldp 8151 estimator 405 conducts a
nmeasurenent _outlier screening (step 803). This ste

i s TSP ATrage Velge e liqddp SeRRbid? P%S‘é & BRSO TROFRIEEICF S performs

a daeanpbllﬁt outla SatbehtskdpOwiabh ﬁdﬁérﬁl[n‘é@bvhét@ér tﬁJtﬁtarﬁ%ﬁﬁ Wra@RRASs outlier similar
wever, i n these enbodi ments, GOF and stati sti cal

to the HiERS dercipphtoue PSPoepRs iTETOs- ;ﬁ %ol?ﬁs%w P Yt Prigstigyior 405
deteiiR6iiotaEldfs mtriseﬂwuyhee 8@%)15 anl dutl@k [theHRRSAH SR iSnot 8@ in

ut si I nt hen t asure nts.are not
Camﬁ%t@@ 3 dE%ﬂié’a jog Sﬁﬂ% =Y f‘Aé%’&B 31‘2@ @naiﬁl RRINtAS %?5‘“8’86 pimilay to the steps
descabdd BBRSH EQINBERCS with StePO§0306U5%nd 6071 R p 8D1)E MH@bstindatde 805 stores the
he es

tor 405 c t he average val ue t
C“m?’i’é g Ptta% t% PRipLften @31% tﬁtetﬂséﬁ PORE 1SRt A Qrdfier: (ﬂ%?t eéﬁmgiﬁ{b% performs
a feelbRk @8lhé FadeRing 44dp 2Mp Which dadiaBarsé @b kiésholaltest described above in
conn R HIIGE 314 I Bl 1 et YeB r bty D eprghcor 408 Serdhines
whethefthd féédb@&kl Mﬁeﬂyfvuﬁlfn ﬁﬂibeglﬁrﬁNd (Stp STNNF tlﬂfSﬁa&macgcl\&)ue isTihin the noise
. al.culated i.n step 811 is ta.

timiG SR e o SRR RIef e oty A S ORérbise, e
feedierak |va1@et’ is S&ﬁﬁ&ﬂcﬁécﬁp thevdptigireti@tep BBB) n@sgandiieds bewhdthe tdabalback

a candi date outlier sim
varaER R 4 10 BnftS b e et st Porbor s G0 pe g e data
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6. The method of claim 1 or 2, wherein the statistical representation of (b-1) is an exponentially-

weighted moving average of the at least one previous data point.

7. The method of claim 1 or 2, wherein the statistical representation of (b-1) is expressed as:

Sy =,B(Fk _Ak)z +(1_18)Sk—1

where
B is a coefficient;
F, is the difference between the current data point and predicted values for wafer &; and

A,  isafeedback value for time k.
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10. a Khe sethod obflfiinci, &mther déinprisisgian outl i er coeffici ent;
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11. NOtThaMhe@Bl bf &kim 6l GirthIN@ndpRLiROd of claim 7, further
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datadatog %t as §,_det/iF, re\d_as+ dn- B8, L ;end then
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as not an outlier and the previous data was not determined as an outliner.

12. The method of claim 1 or 2, further comprising:
making a plurality of measurements on the output of the tool using at least one metrology
station; and

calculating the current data point based on the plurality of measurements.

13. The method of claim 12, further comprising:

calculating an interval based on statistical information relating to the plurality of
measurements;

identifying a subset among the plurality of measurements that fall within the interval; and

calculating the current data point from the subset of the plurality of the measurements.

14. The method of claim 13, wherein the statistical information relates to at least one of a median

and a standard deviation of the plurality of measurements.

15. The method of claim 14, further comprising:
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22. The system of claim 16, wherein the statistical representation of is expressed as:

Sy =ﬁ(Fk -4 )2 +(1—ﬁ)Sk—1

where,
,5 1s a coefficient;
E, is the difference between the current data point and predicted values for wafer &; and

A, is a feedback value for time k.



data point if the current data point is determ ned as
not an outlier. 19. The system of claim 16, wherein
wo b@4est7idat or is further configured to cal cul BEBUS2003/023964
previous feedback value for the at |east one previous
data point and then cal cul at B t he feedback val ue based
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where, )3 is a coefficient; Fk is the difference
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for warer k; and Ak is a feedback value for tine k.
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current data pojint .is.deter.m ned as an qutlier. .26.
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outlier and the previous data was not determined as an outliner.

27. The system of claim 16, further comprising:
at least one metrology station configured to make a plurality of measurements on the output
of the tool, wherein the estimator is further configured to calculate the current data point based on the

plurality of measurements.

28. The system of claim 27, the estimator is further configured to calculate an interval based on
statistical information relating to the plurality of measurements, configured to identify a subset among
the plurality of measurements that fall within the interval, and configured to calculate the current data

point from the subset of the plurality of the measurements.

29. The system of claim 28, wherein the statistical information relates to at least one of a median

and a standard deviation of the plurality of measurements.

30. The system of claim 29, the estimator is further configured to calculate the standard deviation

based on one of a variance and a scaled variance of the plurality of measurements.



outlier and the previous data was not determ ned as an
outliner. 27. The system of claim 16, further
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to make a plurality of measurenents on the output of
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recelf’%ﬁwefwthﬁplﬁfqnhéat@mﬂérvaI and conf| gured to cal cul ate
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plurality of the measurenents. . The system of claim

28, whefteDrfomnaringthg qusteniclaia pot &Wlﬁféfﬁl fegregpniasion of thy at least one
Prevmg@&gam Lf a median and a standard deviation of the

plurality of measurenents. 30. The system of claim 29,
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feed@ebmmz@w@mmﬁdmm@iz@@ewt is ﬁgtemaned@say 8utligh of
controlling a sem conductor manufacturing tool using a

32. T eefbAko O3 1, fRERDBLSRngcONpPri si ng: (a) rreans for
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oufsis feyfdeteraintnghe quﬁéﬂlt@aﬁam@maas B PPlighenlyy the abl??%ﬁfmeamakus data
poin@ al &A%dr. One pr evious data point, where in the at

| east one pr eV| ous data point is received before the

current data b) nmeans for determ ning whether
33t ndheustER L Lﬁ‘HFh%’qun?r‘é‘l’i‘goutl i er based on: (b-1)
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currdgE R DO 1 e SRR A Bpint s POgHb T gt termined as ot
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di sregarding the current data point in calculating a
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an outlier.

36. The system of claim 31, wherein the statistical representation of is an exponentially-weighted

moving average of the at least one previous data point.

37. The system of claim 31, wherein the statistical representation of is expressed as:

Sy =ﬂ(Fk _Ak)2+(1_18)5k—1

where
yii is a coefficient;
F, is the difference between the current data point and predicted values for wafer k; and

A, is a feedback value for time k.



34. The systemof claim 31, further conprising: (d)
means for calculating a previous feedback val ue for

WO b@4ai37hieast one previous data point and thePCT/US2003/023964
cal cul ating the feedback val ue based on the previous
f eedback value and the curref? data point if the at
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M%&iepxzjggcgéfggigﬁ;i cal representation of is expressed
as: Sk =18 (Fk -Ak )2 + (1- /3 )SRI where, /3 is
a coefsfah outibt coefficichs adiche di fference between the
current data point and predicted values for wafer k;
andg;, Ski s a feedback value for tine k. WO 2004/ 013715
PCT/US2003/ 023964 20 38. The system of claim 37,
wherein the value of Ak is calcul ated as:

39. i f MRk sydled clagrk 39 Akriter c@tifelsing( 1- AK) Ak el se Lek+l = Ak
where, k is a coeffjicient; K',is a utlier o
codPerisdPigdatingrek 2s Sk =&k 38x) TKE—Q%)gt-e whegt the pugreR dgge point is
further c ising: means for updating Sk as Sk = 8(Fk

dete n%?i?a&mf%%{he?l )Sk_| when the current data point is
determ ned as not an outlier. 40. The systemof claim

40. 37 Thé systebreaf cronpy.ifeitheg compaig: f or updating Sk as Sk =

gﬁ irrlreﬁxés grnuptﬁlgt?ng%rs g'b)n,g:t gg} gngrgﬁlhgltcwe%tiga?% ﬁorrir? 'sgﬁger&%eg 5 an outlier.
conprising: means for updating Sk as Sk_| = 8(Fk-I
41. - Knddydteth dfltaioh 87, Futtlr coiiflinchen means for updating Sk
as Sk = f3(Fk - Ak )2 + (1- I'3)Sk_1, \évhen t he current
data poieats fosumetiey §jaset_ asftaL, -an, outH( eB)8nd; tridghen
previ ous data was not determ ned as an outliner.
means for updating S, as S, = B(F, —A,)* +(1— 3)S,_,, when the current data

point is determined as not an outlier and the previous data was not determined as an outliner.
!

42. The system of claim 31, further comprising:
means for making a plurality of measurements on the output of the tool using at least one
metrology station; and

means for calculating the current data point based on the plurality of measurements.

43, The system of claim 42, further comprising:

means for calculating an interval based on statistical information relating to the plurality of
measurerments;

means for identifying a subset among the plurality of measurements that fall within the
interval; and

means for calculating the current data point from the subset of the plurality of the

measurements.

44, The system of claim 43, wherein the statistical information relates to at least one of a median

and a standard deviation of the plurality of measurements.



42. The system of claim 31, further conprising: neans
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asurenments. 44. The system of claim 43, wherein

t he : :
compyfer S’égeg’flft‘é”ﬁ“?fﬁ [dITpGling FisQps rinere porders {9 sqntnoligg g speongpctor

man@fadtBiehg2Bol uSing a feedbRR BHH@] MEhBEh AR Bétrictiéhs RbMpdindidpRinentation
neasurenments. WO 2004/ 013715 PCT/ US2003/ 023964 21 55.

of the-fEPS3fst em of cl ai m 44, furt her conprising: means for
calQutatvid@ grielits bemeagdintdRtiag toon obt%ﬁﬁﬂ tHRoQ MR 1Rngd current data
t

vari ance and a scal ed vari ance of e plurality o
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conputers, the instructions directing the one or nore
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previsagddtagdint andg t ool using a feedback control mechani sm
the instructjons conprising inplenmentation of the
steps of®-2ywhethes theialeasy ong mhpvigUs dpte Popt s ameullisgoandt s
I e @ ldishgaldmgaie Qdtidhta @bint RQalMl@ing afeddustikvgua of£ 14k feBiack control
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49. The medium of claim 46, further comprising:
(d) calculating a previous feedback value for the at least one previous data point and then
calculating the feedback value based on the previous feedback value and the current data point if the

at Jeast one previous data point is an outlier and the current data point is an outlier.

50. The medium of claim 46, wherein the statistical representation of (b-1) is a weighted moving

average of the at least one previous data point.

51. The medium of claim 46, wherein the statistical representation of (b-1) is an exponentially-

weighted moving average of the at least one previous data point.

52. The medium of claim 46, wherein the statistical representation of (b-1) is expressed as:

S, = ﬂ(Fk —-A, )2 +(1—ﬂ)Sk—1

where,



48. The nedi um of cl aim 46, further conprising: (d)
cal cul ating the feedback val ue of the feedback contro
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t he current dkata point is détefm ned as not an
not aputlieer . 55. The nedi um of claimb52, further
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updating S, as §, =§,_; when the current data point is determined as an outlier.

56. The medium of claim 52, further comprising:
updating S,as S, , = B(F,_, — A, )"+ (1~ f)S,_, ; and then
updating S, as S, = S(F, —A,)* + (1~ B)S,_,, when the current data point is determined

as not an outlier and the previous data was not determined as an outliner.

57. The medium of claim 46, further comprising:
making a plurality of measurements on the output of the tool using at least one metrology
station; and

calculating the current data point based on the plurality of measurements.

58. The medium of claim 57, further comprising:

calculating an interval based on statistical information relating to the plurality of
measurements;

identifying a subset among the plurality of measurements that fall within the interval; and

calculating the current data point from the subset of the plurality of the measurements.



updating Sk as Sk_1 = N(Fk-1 - Ak-1)2 + (1- ))Sk_1 ;
and then updating Sk as Sk =13(Fk - Ak )2 + (1-
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previ ous data point is an outlier, and wherein the
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64. The system of claim 61, wherein the at least one tool is an etcher.

65. A method of controlling a semiconductor manufacturing tool using a feedback control
mechanism, comprising:

(a) receiving a plurality of data points relating to an output of the tool including a current data
point, a subsequent data point, and at least one previous data point;

(b) determining the current data point as an erroneous outlier:

(b-1) if a difference between the current data point and a predicted value, which is

calculated from a statistical representation of the at least one previous data point, is outside of a
threshold;

(b-2) if the at least one previous data point is not an outlier; and
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outlier coefficient; and sk = Sk



