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the performance of wafer process operations run on

waf er processi nFuseniiadenand Andtewdd. Baleydilcul arly, to

nmet hods for identifying variables that cause
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i nstance, variables can include chanber pressure,
chamber t enper BACKGROIENDOF THEJNVEN®RION o one or
bot h el ectrodes, electrostatic chuck cl anping

1.vol tEgRl oftthp Eaveditiogases and flow rates, etc. In
practice, therefore, data for such variables is
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hi stori cal data. WD 2004/ 030082 PCT/ US2003/ 030391

In an attempt to quantify and study the affects of process conditions during wafer

processing, process engineers are tasked with running numerous process runs, each with
particularly set variables, and then comprehensively studying results. The set variables, as
is well know, are many. For instance, variables can include chamber pressure, chamber
temperature, the delivered power to one or both electrodes, electrostatic chuck clamping
voltage, types of gases and flow rates, etc. In practice, therefore, data for such variables is
measured and recorded as wafers are put through process runs. Databases are created to
organize the data for such variables. In the analysis of such data, specific attention is paid
to ascertain whether the behavior of particular variables is within an acceptable range.
Multivariate statistical process control tools are available for the monitoring of
deviations between historical process runs and new process runs. These tools can

statistically define normal operating behavior in a process based on historical data.
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-2 Statistical projection-based techniques; such as

princi pal conponent analysis (PCA), are wused to
wonrodwsesout - of - stati stical -control signals wheaTas2003/030391

variable is identified as deviating out of the bounds

of normal operating behavior. As mnultivariate

statistical process control #ools accommodate anal ysis

across a large 5 nunber of variables the resulting

nodel s are ve |t|ve 00 sensitive with respect
IR HCa RIS PR REE oM RBEh SR AP P EREkC BB ER B SNRRA), arc
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onds Rulfypgate F%‘U&tt?al:l)f&ﬁ‘?f'é GOIPtFﬂléOQJ‘é)éqcpmélﬁPQaF?ea nﬁ’éﬁrﬁcross a large
[
nufel BB Farkibit the Ridiiny floadlh ble vehP Lo EAPG WARIER i gespect o
sogenariablesl when a val ue for a varlable changes so nuch
that it falls out-of-statistical control. So, if a
valitnothes chalieage aspeintad éVlﬁhélerEdb@SGé@Phaglueb@ltﬂ gef@umngfxf an out of

botHld&§ 5 fﬂﬁ@é’dn‘é‘;{dﬁkﬁ%&% %ﬁh b??eldn% xrggrt%]q %8 onae S{ariables or

vari ab

rafiges loff @ anictielvaltesoié B1ved dritichPibh oﬁheﬂse RoR Uk dinple, (ﬁl%élta vl is
hal t | n? the 15 wafer processing. However an expert

clypreskipfoRpsitipa tb@?&émpdph@gef@pldcvwewlhag@e wp@mdercrba fault, or

er%?( in ﬁﬂ%@gﬁérﬁougeﬂ&{ Eg svaer‘é 9ner2t?c9 wéer{/% V@g@ gor a, vanalal(: chimges )

miidhethacic e4ls abt- Sf—ﬁﬁt?dtlbﬂtdoﬁ&bl by dSvallide f@)@é’l'aﬂlp%ﬂthée i @édorded as
in an operatlngkrange wher e t he cl anp properly hol
beingeousaf an aw@ma tstatiaticsll Younals frelative tawihed vatiatl¢s ipéhe system it

2 B8 5 B A P SR 0 55T

Wg%mpﬁaﬁmhgsult is that reliance on pure mathematica
statistical analysis will lead to false fault alarns.
NevEoveyet @s@xpeulsnbsmr@ng thecagwsi wa@e fex/dalylpfvaljage might not be

coggegﬁécf Mgﬁ glxee\f%%a le f) <§)r} glgor efamp f E‘G 5{ ﬁ:&?ﬁbﬂ@yp voltage is
ouTB?th%g@pﬁb%eﬂﬁ[sﬁEﬁ%ohﬁUs% @6111@ Et’ll? ?zhl iH raﬂb@&tahﬁ’é‘réﬁgé Sere the

t echni qués can be made nore r obust
clamnpmpoﬂjahvldgtheamga zﬂlrfulmmat&iff aifau]awfoufd sl ldzer e gisteleal; even

roce nd i ncar.poratin tai]ed i fornatlon for
th@%@lr?"%%f} gﬁ%ﬁ‘e?vﬂ drdé%‘BrﬂEFe togﬁem} s Hang 4det Wiapranting asfault.
THRRBH P&&M ié §1at featcedr u@cgmtatl‘l%nﬁﬁélﬁ StaftRiGAl M}Fﬂllsswﬁf 1€ad to false
t al ways

being built large anmounts of data are no
fagy alpivah | Meveothele$ve dwanrg mbtassingrayetyhfault o8l gererally lead to stoppage

TR P LT Sl o
LR LRSS A SO VRO e v
robwst By incprpocasgilage syst@ssf data for a part1cu1ar process and by incorporating
detailed information for each variable being recorded. The limitation with this approach is
that during the phase when models are being built large amounts of data are not always
available for the variables and the cost of experimental operation can be very impractical.
In view of the foregoing, what is needed is a method and system for incorporating

expert knowledge in the identification and reduction of false fault alarms in wafer

processing systems.
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WD 2004/ 030082 PCT/ US2003/ 030391 -3 SUMVARY OF THE
| NVENTI ON Broadly speaki ng, the present invention
woi2bd4g3edse s need by providing a nethod and sysCemSt@s/030391
i ncorporating expert know edge for the identification
of uninportant out-of- statistical-control signals in
waf er processing systens. Several enbodinents of the 5
i nvention are described below In one enbodinent, a
jng a data set _defining a set of
process runs, eUMMAIRO! i INNENAEON set of data
corresponding to a set of variables for a wafer
pr ocBsmillygpeqieng thepredent pventlodetlls thismee®by fRfidiRea fle@i®d and
a gg%a,set is received. A new data set corresponding
SYS GBSO g exReTt knoveledga foy the Taentifisalieipefunémporiant 9Gt-of-
' - . lier ta point . .produced
S RRLAR ] Sl TP procdBhiRl b, AR Prf P o B

invarioahledsoribeisipdddi ng to the one outlier data point
is identified, the identified variable exhibiting a
hi gHDCBREMbBgMeEH.a ethed {ps adivstingrvedata sétalofiningracet ¢ffprocess

| S i fied. Wether th . th
rofl notfF8es Sim A P b b8 o Bl el Bl iiables sy =
walet prodessing dpeiativs isiredtied, A wiideDddraRE oPnf R tifa 80ds [daBived. A

vari abl e that was 15 determ ned to be uninportant from
neE; @3k &1 comesPARGINg i encsoccantintiheecdived. The newWldetadet ia

' t ith.th malized matrix of data, In
eSSt By AR bt R T b cea ooy S chSbdlecie i
idélgfficd] POvaRiabRcodsINEFRSS therdﬁ@%mlﬁe@eﬁtagbgfg t?ssigl?ﬁtﬁﬁd, the

..having a set of data corresponding to
idepgificd ypaable exhibitingfadwigh gontrdesionnd oyber fat ttenvariable from the new

o B T TV T S0 bbb B
A pojegiet@phatrix SRR ERIared Qind Rhddlat ta%h?l?eéx&arﬁg%gﬁ%sgas

as a result of the projecting are identi
detepaingd t¢ bepnigzpostapidrom sadhrafithe tdve datatétiand titadaa g0i The data

I.s identifjed. A variable carresponding to the one
Set&&%‘?‘?‘ﬁ?& ‘H%ﬂ‘ ?%qurﬂ]?ﬁzngm?t&éﬁ’? fi?t?eg, t hegi dentified
var g Rh&@h&eididih ' LiRe'h 1493 ;
variable is uni n%}g’r?rggithggg ell{espﬁ#%ggﬂ.a S%Vgr%glﬁlprg% Stzeggf process
runsa eachypredessinnaavingerseaofatita estesgprdidgxofarsenott VigiaBles AW wafer
dat a and fromthebdd tgse&, the normalized matrix of
Prrt AN PREAEHOG 15 BTNy h & Rpadial detived frpmta dagasselistresainadedh new
dafaQcDi8 rébeiVERO f b at he
R ey TR D Thed AT bl ity
produiced as aofeswlhvfthe projecting mekaidetifitdt DRI tREsutRGRRE dpdi’lﬁts from
the.present inventjon, a nethod for updating a at a _
thes‘éﬁh‘% SPRROYS & identifid. 4y wrble qogrgspondgto reoenssmitliandata point
iqi [ of . g i Q agset. 0 . .
B, B R Y BRI P ontfhuliB " piRnc? e variable i
unprpeviaded detrmdaiked. AatorinalifedaritM@@f data is created, using data from the

new data and from the data set, the normalized matrix of data created using the variable
that was determined to be unimportant from each of the new data and the data set. The
data set is updated with the normalized matrix of data.

In accordance with another aspect of the present invention, a method for updating a
data set defining a set of process runs, each process run having a set of data corresponding
to a set of variables for a wafer processing operation is provided. A data set is received.

Scaling to the data set is performed. Principal component analysis is performed to the
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conponent analysis is perforned to the WO 2004/ 030082
wOeCTi#0SaBe3/ 030391 -4 scal ed data set to generParasan03/030391

nodel . New data is received. The new data is projected

to the nodel. Qutlier data points based on the

projecting are identified. A%*contribution pl ot

corresponding to one of the outlier data points is

i ned.. A varjable,th cprr.espond the one .

chfé’?:gﬁp rsea%’tgs_n%r&*e_rﬁ il “Br 5 3 égce%y_eaj gﬁe 8o datags progeeted to
the faddBE O@MEF ddeabéiRR basRlon the Erdj&%ﬂg 'af(f iﬁ%tgi%'a?tA &{h%ribution plot

variable is uninportant is detérmned. A desensitizing
cosrespaidingapant of thetdudiev data pbings isexammatied Laiabld that c8rresponds to

st andar.d devi atjon of the datg set and a random zation
tng pRC O A Bl RieR arcyies “diuch Ctoaliom e i cpmiibuting plot i
1dSRFRRAS MihiaZihB Y agMle Rfun {xﬁitant b RREmAIROH FREY 'tiﬁn%?ét RPdata for

for adjusting a data nmatrix defining a set of process
the yargabdaisivrgtaidmsed oumsthadard devaativet ofakie dits set and a randomization of
thcor r Zisgoagi to a set of vaLi ables for a wafer 10

o Pow et pe sBiar st B ghemented Bih dcesonstizing swhof data.of N

r OWS e MG EHEDS: it

runsnandeM equal s 5ﬂ§§§§g§a§@93%$?g%ﬁggB§%d§%gﬁ%§§g%%pnmeﬁ
rung¢achprocess medeiingd.setoffiaw coetesminditatta awkt ¢ idiables for a wafer

vari.abl es wherein at |east one variable corresponds to
PraePsyig PPERICI Previdesh perte matipas¥down ard¥esaluhppwhere N

LEsSSi | | but . yect.or -
co B B b B IOE B ik ol B QRS £ BF SR e date marviis
regadvedai Aneng séi-of daaweittoM vidbiablee $/heirg@nedsab@varidble corresponds to

stqndarg,deviation of data corresponding to the o
an,putlics gne 15 Ypimperian Pased paexpRt Inpubisregeiiededh normally distributed

Lal ' Ltiplied, by the normal.l
B0 A5 AL 1 T SRS e VB RLFEEp ov o
onghis giatratedo N aapRRTdd iR of Beta\cafrtaah8ink k@ RetvaRable @\he data

data is multiplied by the one vector producing a
malgy dndpterasrest:  Therptangdpndgieviption rmukipliedibie themormaldy distributed

R RN —

esensi

newadatenis mOipladd sy thbend Wctdt pr&fidcity ARBoddWectRMhEFRY vector is
columms are nade up of data corresponding to the

addedigithe sreondrecen nseducmgrfethird aeetorahn expersdasemsitizing matrix is

re t a matrix i.s augnented by .the expert
erefi P P b e AR} g b e epfpmnns e
mad8 B idefd RSP ERE 8! e rEMBInTHY viBLBleD e ARG W dadhatrix is created

advant age of the invention is that data sets of

whereolbe slatamaisx ineugatesied by seeepesydsseanisizogmitex. 25
o o T R AR R 1% Aot
ad AdHRABRIOT (Y indétRn i IRLdat ASKAHE ROERs Afnstil Fak g(lféltsées Ystems can be

wi || become apparent fromthe followng de
desgasitiz¢pinceonporatiag expartknoovigdgedo toimpairtaht taniable data by incorporating

agconpanyi rawi ngs, illustrating by way of exanple
Sm?ﬁ%r (fuﬁé %ﬁj@ “of the invention.
Other advantages of the invention will become apparent from the following
detailed description, taken in conjunction with the accompanying drawings, illustrating by

way of example the principles of the invention.



10

15

20

25

30

WD 2004/ 030082 PCT/ US2003/030391 -5 It is to be

under stood that the foregoing general description and
woheo4foaddsowi ng detail ed description are exenpkPargpsawad030391

expl anatory only, and are not restrictive of the

i nvention, as clained. BRI EF DESCRI PTI ON OF THE

DRAW NGS 5 The acconpanyi ng "drawi ngs, which are

incorporated in and constitute part of this

specificatio i | Lustrate exenpl ary enbodj nents of the

 hvehis B et iopt b PieRog BenatBrrRtiop fnd dhajsllpging
dexnkial o oY . Con Fi s

R Ll o Ble SIS i) ololihalchl S Al ard hikHestgudeorthe

inpgrdioat asomiaimeger f ormed to adjust a data set of process
runs for a wafer processing system in 10 accordance

Wi th one e”bMJ‘ﬁ,‘F'DEQéRﬁhﬁd¥ %FWE)DRA':\}V%§ 2

provi des a r &Sl g variable

conti buti on pl ot in accordance with one enbodi nment i

of ¢ S FRVBREDSIE e SV HoH M RGRSEOTh e 1 @] cfpa ute partof this
spB¢iftSion! MuBEHAL LRS- YWNHbIRRGENDAE M@H% Pind BEether with the

invention. 15 Figure 4 provides a varia 7'e
deggintiontsetve emexplain the priregqdes afdhe mventidn. one enbodi ment

of the invention. Figure r.ovi des correlation .

c oefﬁf}glgf’gﬁf abﬂ%’r“th?ﬂid?f’gé% gP@ élﬁ’égat\’/ﬁ& e gisthodhopenatiant

Forthéte id@i?i‘ R05 U setfdrPHScR i '
pethe stpuc ure ofS?hegbriggﬁgfﬁﬁgggﬁmgﬁg&gﬁgékéggﬁggel
acddansiviilven dombodonant dthednvintionone enbodi nent of the

[ nvgpti og. DETAI LEWCRI PTION OF THE | NVENTION

Sever @l expenpfed g SRt enpccoppanYivg Hitfable eantiibution plot,
in B8R oD ARG IohD i A5 & he ifchllod, of er ence to the

acconpanyi ng draw ngs. Figure Is a flow chart

di adiigure 3@@ovidldsusbrreddund plone immdcbalingf wilp efi@émbsdimeRSof the
. performed to adjust a data set of process runs for a
INYERHEY- processing system so as to desensitize the data

set g i , | s i fi. ' rtant .

vari a lrgk‘r a?‘ggéianmgglggr@%%r?gg&p 1t0 £1 llgg%%gdﬁgg%gﬁgﬁ espbodlment
of theenvemtient i on. The net hod begins with operation 110,

in ﬁpich a data set is received. For exanple, in a

waf 61SY5F 6 PERKISSG coprslatipn regiiicieptgharteineceordanog ayithadriee s

. . as, for exanple, chanber pressure,

e@%gl%%?sgggg%%gg?%t ure, the delivered power to one or

bot WFigihre 6 {prodds,a cohpatisassfahé Srehite bf fhedRinABmodel and the

model desensitized in accordance with one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Several exemplary embodiments of the invention will now be described in detail
with reference to the accompanying drawings.

Figure 1 is a flow chart diagram 100 illustrating the method of operations
performed to adjust a data set of process runs for a wafer processing system so as to
desensitize the data set to outliers, which are identified as unimportant variable data, in
accordance with one embodiment of the invention. The method begins with operation
110, in which a data set is received. For example, in a wafer processing system many
parameters or variables are tracked, such as, for example, chamber pressure, chamber

temperature, the delivered power to one or both electrodes, electrostatic chuck clamping
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WD 2004/ 030082 PCT/ US2003/ 030391 -6 vol tage, types of

gases and flow rates, etc. In fact, the variables can
woned4odersany vari able that can be recorded, oPC@AIS2003/030391

changed due to an inpact of a hardware change or

software change. Thus, the variables can represent a

range of variables defl ni ng ‘éhanges in a deS| gn of

equi pnent used to perform process runs as each

a seri ers progcess. run
veliged 4TS o e ARG R ER B 1 el %eﬁeﬁrcae sy variable
thﬁﬂ/é‘ah %@r&c%rdéﬁe %g&@&aﬁl@éﬁ a8 ?%gac-[la? a HAI% aREL ang@or software
hi s enbodi ment refer to ta correspon
clangeetTIUfs thawaatﬂlwahmcpresesea ramnge of vqriablee dlsfifiiip Sharpedin a design
waf er [ stem Once the data set is

Of QRS 5@ UScelfa PHEHYBFOSER AfSe g angeh &f p series pf Wafgss is put
th%ﬁ R pré&:@é ﬂuﬂghé Sat fdr eQEH%a%Lé ih s \ggﬁeﬁﬁg&s%rsgﬁgﬁ is

odiment, the data set can be autosc
medsatedead heosadddaflhe dat set) irsthégehatbodliment] will tefe to d@Softesponding
an and a unit standard deviation) to ensure

totar?Z erafoftweaalﬁf forasarigserf PBeRsaY BAS b VST PEICESIIESYSIRI: h
di f f
slcal (g%&%% g&larrtermt%hl%)EiﬁAé g%nﬁ@eggg{ﬁodgaéa?ﬁ?se IB%%H Qﬁ‘?ﬂz in which

scalirey i tpedormetdon the dixaispralin epspabediineat) teytit:Sset BeMe doscaled
performed on the scaled data set to produce a PCA
SU%&I@F cachyapable isiastardarddmis (i i hea p zaierpeansandguntit sandard

Al Bt JoRp A8 i i GFR D oAk R R ol By g

Agsométef the @atacettak begedcaledGe RRADA AR ahdds B SPPARTSI 1aY
statisticall mnal yzing the data fromthe process.

Pri dBioparatien mélﬁﬁlpalmnmnsnt(apd.ér(;ls (BCA) istpstfognéden the scaled

oo L BB Lol Ml OB Eguct e o
exRIPLE 8resiARAATDfeoMuSS 51 the Hhalses LNIGRIvagME lsﬂdﬁﬁtid&[‘p&f:ests Rentrol is
data set. Mdeling nethods used for 20 nultivariate

useq it qleﬁrnrs @arm@irom@@sg behraviaslin a prdsess byrstatisR@Aly anelyzuglles data

] b Oer Bl Foies, mah €C)E8 boflpotal miatpaasec
te&hlqdéewﬁi%h @nabii@f thé Bétcti AR ST RaftedaBFelo] sifhd181n Q{S‘r%cess.

rinci conponent anal ysis has been perforned on
P(s/s grasi edatssatlsmal evalpatiomett rnlmdaaajseanh/hxlehmg mp&uodﬂ; ismd for

o LR R o ol S v
THREA O peffeie@bnRRE §d&[é@19cgtef¥%t e I‘E{)@Icfé tlsLQal %pﬁﬁgﬁcfﬂrf)& the data

bl ock 114. Once the nodel is r ceive
SeiathafandeéeSta)P@ben@deion 118. In oper ation 118, a new
dat a is.received. The ew da%a set rec ived in

oper ST o RIS CHBAPERL S aGHS e BTG B GeBled data et
4 MRk 304 EREEE MDA 18 0 AT o
recgpedas therPQA Broddlhwisich is a result of the PCA operation performed on the data
set in operation block 114. Once the model is received, the method advances to operation
118.
In operation 118, a new data set is received. The new data set received in

operation 118 is new data corresponding to one process run in a wafer processing system

having the same set of variables as the original data set received in operation 110. This
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WO 2004/ 030082 PCT/ US2003/ 030391 -7 method could al so
be used for a new data set conposed of nore than one
wonrom@sesezun. Once the new data set is recei vedT/ushm3/030391
met hod advances to operation 120. In operation 120,
the new data set is scaled and projected to the nodel.
In the enbodiment shown in -Firgure 1, the new data set
is scaled using the sane nean and 5 standard devi ation
q& he varlables f data, set before the new data is
g 8;5 Seyld @lsgloe gisgdhior appyedata seheompespd et mgre than prepiesss run.
| ot
O e RS b3 SR pTRERL, b eIl it D1 RERSRIAD. e
pl otln apetationn 20,ithenst datastd is sdaldd¥ndpadibétedto the Gasdei. M@ the
the rel ationship between the new data set from
ergbpdimentshown in Bighre b dhepavadafa set ipsaaledmsingdhesanesmearnand
sofird GEAISR or e Vfbles oL bl AR D3 3505ect &l omto the
mﬁ@ﬂresponds to a statlstlcal outlier relative to the
multivariate nean, nultivariate variation, and a
chosB Risisrtienseiche Bow ﬁla@ Sﬁbtp theymode] tvill peevifle arasidual plot with

co%g[gﬁfﬂ %{\r %%e rcéé}ln Hﬁ hggenﬁlgtﬁ a?\{lﬁ @Egvzh%% %@ﬁ]tmformatlon
regAreing@lsd télaaﬂonﬂhpbetﬂféeﬁj tHeSheWH%ltér et Fof ¢Peadtion! 198 ané 5(16 data set
Assum ng the new data set has been projected to

frors @peratiom élqreThﬁTGSId@&l el show dipbe aew dﬁtaEEQfor the new process

RS o) A L BRSSP
mékei ﬁfuﬂl\ﬂﬁatefvaﬁﬁltl&il tihd 8 théldh doRRicAte BSunl® FéHiBe 8ath $dt-from
For a new data set containing nore than one process

opetation d 4@ h Ipthiscessho diaentyhe residsiat glsprmd is the Qaresidugl glot. In

dat a int on_the.residual pl th ew data set
anf iR Pafing R e e R ot Sxeebls e e glor *f e
Qr %dsdh'ﬁﬂgb @k né\b QafdabehA Peerd HRMECRRAH @ld Iﬁﬁde]f 1@6 (r%e’[ d advances
is out of bounds wth respect to the nodel con ence
to Ioperiatiqn 12 eln operation 122 rtheresisigl. pldlrpreduché wieh eﬂrememaddtm Bet was
th an outlier existg has been t he operation
Prbieried it 8 dutiet 5 SFRE TourAPE  AMSUGS UaB PO Ogpoints oxist
Fo? thhwedatéjﬁﬁ%rﬁ&lhl ?’i‘h@rﬁ: 1 Jn@ | ersaxgxh Ofhch %ﬁﬁ:@ss]r%ﬁ vshfl cBtespond

outlier does exis an out] oes not exi st
to tahmgife@tajptaht @l the residual pled If theoev ddta est poind €X1sIRi2 of inhe
thod a ces. to operation _124. In operation 124
acoRurtTe e S b oo DGR L PRPr At I Gt of bounds
wiliBRShEEEd the nRJREK hg&c@:@n@?th@,ﬁ %ﬁlt)ﬁth@f]e)ﬁ%(tga@ﬂ@éjthg%%rrmnatmn

set. This expande hen sent t o operat
wheithee kn diQicaedsts hes beeh meallebihgiopsradgaivill proosadap efthéd aperation
110. If an outlier does exist in the residua

bl‘fﬂ%&é&%ﬂﬁ%ﬁf q95S BRiAY OB P Persien bhock 2Rl ammenthet dnsg exist
advapges,disr CR)%F hat éxgsrt‘ PR G5 plot Bx BREER o%%ralti%g’blécﬁkel 22, the

contribution plo
method advances to operation 124. In operation 124, the new data set is incorporated with

the data set received in operation 110 to create an expanded data set. This expanded data
set is then sent to operation block 110 and the method begins again from operation block
110.

If an outlier does exist in the residual plot examined in operation block 122, the
method advances to operation block 126. In operation 126, the contribution plot that

corresponds to the outlier data point identified in operation 122 is examined for a variable
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corresponds to the outlier data point identified in
operation 122 is examned for a variable WD

waQoi/ @882 PCT/ US2003/ 030391 -8 contri but or PGIrUS2@3/030391
hi gh contribution. The residual plot produced after
the new data set is projected onto the nodel in
operation 120 will contain orfe data point for each
process run of the new data set. Each data point on

reS| ua lot will then in turn have an
ca ISH l?’@ﬁtCPPWP% Pheotesidpal ot pseducee afterghe pewdata set is

pr\‘iﬂekﬂed%ﬁ%\%é %déﬁh%&bﬁéﬁoﬁ @5 %lp gﬁt H oh@ Eia p%ﬁﬁ I?%r each process run

vari ab contrib esi dua

ofube nevbHetabets Eachidgh poit ah itheeresid @ pldt bl it ihRGM Habe h$
identjfied as a_ variable contributor with a high
ASROEALE] EAMERHIoN Digfe dHaeh contabition mekwidrshpw the gqhauvs; cantnbuuon for
| e we
SRS EptlEh 1P O Okl U SRR VB e

conirfutian kheghit 1@ dduntifibd té @ ﬂandﬂpé'@hﬁﬁbdt&ewul? ) Bigt}; &Mfﬂlﬁ’lﬂom
ng ot can have nore than one variable contributor and
sthetcosiaiiondahial 19 o subjective determioatiens Furithis emample we will

e R Y
cohir{putio® plot t&nMidve indrb ehaRind Qi A1y 8Ri8ButbPaRRSh el a@ébmjgodated

bl ock 128. In operation 128, expert know edge is us
bytthe Bethed s ell be dishessedibélawl ©roe themnusuuuen plift it ¢x@mined and a

tifie vi di.n ribution
va}[lgﬂlggsg éilgn éf?egl rovnl_glggta _cqqgl?bé.l%o& éhe ngpg & seteé@eratlon
block 128f or mati on regardi ng the variabl es or the val ue of

the variables. An expert is, in this exanple, an

engilheperatiemi28 aspasidravdedgs i nesdite defermind ifthp gntighicer the value
i f

th ni ficanc f each. vari abl hus,
ot bRl Y Proyi B « igR saFEPHiofEt copeidered upighportant. Here
ex BRI vAledded i€ intBi4tichl ré’gﬂi’dﬁ’lg ltﬁeaxgiﬁab’l% bRk Saluk3e tl@%ﬁ%les An
m ght consider this variable to be an uninport
expegf isalyl this ex@mpigr athergimace that has eextqnenve kkowlstdgel red dsnpgi‘iénce

cert i n range, of r wafer clanp
res S s e el B Baat e Bt et omiriPugas dptermined
© BeTaRSa:, AL gl SRR APk LRt
VaB@ié@tdbﬁ:mummpoﬂanTwendﬂmre a fault should not be

cal |nthesste ed on the given value for the
waf Iu mt %/ ipdgﬁpgglgé%@m arqgEaig,prgetof values for wafer

Wlﬁggﬁ) W@é&f’pth‘tﬁp eelveﬁlltﬂﬂé Hlﬁty s%ruF ngg%le\éﬁ Ft?cta}]gounds

for the variabl’e as uni mpor t ant

Fovewangii¢,¢hd waﬁconl‘ampemﬁdgéagmﬂmbe withiarenginkexowd §daigich@ons.
then after

TG EitE s i oainoL bs Sl h&w@e&%@ s gbeenyglue for the water
claBRRFAabOMRhRCKsel AR- exk)éh ﬁﬁ’@\bl@ d@h?ﬁ}él &égﬁlc{‘l taﬁ‘ange of values

detected out o statistical vari a
fortth¢ gayebleaasfumirhportak.t Hrtlﬂratzalweed)ﬂ/the viridbleis@¥feddred by the expert
know edge Iﬂbel s the variable or the val ue of t¥1

kngledgs odcmally APSFpYtatesRusing pdaplt, Hhenalienepereiian blpelobedie
mettdd will advance to operation block 130. In operation block 130, the detected out of

statistical bounds variable will trigger a fault. Alternatively, if the expert knowledge labels
the variable or the value of the variable as unimportant, then the method will proceed to

operation block 132.



10

15

20

25

30

30 operation block 132. WD 2004/ 030082

PCT/ US2003/ 030391 I n operation 132, an expert
woandosimser (ER) will be inplenented to creat ePa@r/Us2003/030391

desensitizing matrix, and then the desensitizing

matrix will be augnented to the data set originally

recei ved in operation block -£10. The expert randomi zer

i mpl enents a nethod that normalizes the new data

correspondi n o the variable usjng normal ly

i o Fraran 3 bamcaaet sndome (4 SAT g cmenti o cspat

ddsBRsit A Am3gix, #hPM8n W Jbséﬂ%ﬁiz‘ﬁ%r ﬂl%&gwig%%ugﬁi%meg Ecg the data set

new data. In the enbodi mrent shiown 1 n ki gurég
ongballysetei eatdn toperatiembldak 4 16.eThe exppriesetomikdrampadngenasSa method
recei ved in operation blocks 110 and 118, respectively
that nqemalizgs g pew dia Pplﬁ@sypm%ﬂg t:bhp ¥ e Ay BHNG Bprmpadly distributed
rag@&fn |d91}glraﬁﬂ e I8l @At én %Jﬁ% ge}( a%hg Wﬂhbtgg @%riable data from the
esensitizing matri X using random datfa and the
nevaditablnethel ainbodiimeat showal iudsgirel, thBdatdded aldltke Ay dath RE:
desensitized). The desensitizing matrix is then

IeRIFEEAS Micetita & resrdvegbinppetation loeks/biP and 118peespactively .o chefore

Lt zi q i sensjti.ze.the
b, e ARaERRbAZLA LN M Ao AEHRIM i
destrssitiviivg slatri, usiigainddia tath and (R vafiiBle atai (B8 @aldédtfar ih variable
seen in a subsequent set of new data the sane

bejag desensitized) al'hd dasensitizingmeixan theoapgoented tathe detadatateceived in
{ the new 15 data is projected onto the PCA
Op%%)a lé).fl\.@%?i]llp’zi ng the teachings of this invention is
si grTHe desettstizindMRE@KEM168EnsZE e Biid scd W@ iRBL ® thd'Rdlue of
performtrivial desensitization by renoving a
the yaniable @ the nems dprigbsush thas ifithe sameevarhablediataistseerbie asmubsequent set
jer.fromthe anal ysi entirely. .This is.a
orf bl PLine S T B ST Bbieafstiierdh  pesta il plog when the new
dagd isPrdjadted onth eheAC Alithodel. LRI EAY the HRCHBEESH thRdnPdHibh & S
_based on those particular variables. According to the
sigrafi¢asgly iinprpyed pverhprior prieaboiliorentsshattpediotthiteivigl deaensitization by
still he .detected.at ]evels of deviation above the |
reipabiR ek ooy by SR 4 an e ey dha walyss
en®sdy. OThik NearSRAEhNEstifctibh & theAehRV 8 FhafihSiEd Gfthinates the ability
model s for fault detection is the quantification o?
tofcaufintuelsieteaiin®outlicns\based angheserpagicat e dad stdeny esccanding) &t the

t he varj,ables.. These correl atiqns and their relative
et BF U nEEiiop, QSrcubiees RO St Pl of davipion above
th@8eséRsitiFion 3Vell GIHIEIRIs sAfl vEREvIRER. Wwhich can be

visual |y assessed by conparing the | oads of the

var i Qi efghé strenigths b deiltivatiatet seisticad waotdesdgor fanhiekeotion i3 the

t he. met ho f this invention is that the nodel is
QUgRLREPR By E@&ﬁtbaLaVé%S iEHeE Pareliog Fhangpearspngsh feanriges.
TR B RS b e Telalie schlf el v Hablotey RS peoWitbf o
the Fetruciowd"gif nizd modkl twhielr camtte visveBy agessedbly obmbiéet the loads of the

det ect tf“he salms types of correlated c anges 30 anongst

ed ch yongst
vapRpley, iy the glogel. Anptherpguantage dphasnt s theimaetBeods of this énvieptien is that
th@oBelTBEERAsiifd to deviations in a variable or variables without destroying the

structure of the model, which can be seen in Figure 6. As a result, the benefits of the
original multivariate model are maintained to detect the same types of correlated changes

amongst the variables. The expert randomizer is one embodiment of a method to
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WD 2004/ 030082 PCT/ US2003/ 030391 -10 nornalize the
vari able data. More details for the expert random zer

waizhd4/00e08pr ovi ded bel ow. After the data set oPCgiusaioBy30391

received in operation block 110 is augnented by the
desensitizing matrix, the resulting matrix of data
will be sent to operation bl-étk 110 to 5 begin the
nmet hod again if necessary. An exanple illustrating the
nmet hodol ogy descri bed above_as applied to a new data
P R S5 ote AEa (56 Bcipe idomizss vl be puwided
béiﬁ%.t’ wth reference to Figure 2. In this exanple,
e original data, i.e., the data set received in
oper Afteiahe dhtackt drilginallyaestiidris ofé&asanploels 1{0 istugmented by the
process runs) with 29 variabl es each. The new dat a,

dqse‘é“tlzn%@aﬁ’é‘vvthfﬁeﬁﬁ'ﬂ%% warixrof dafavad her’f’e@tﬁé oaetagen blogk 10 to

%ﬁﬁ ArS with 29 vari abl es each.
s%l%%&}%ﬂ%al 1tfa se%a‘f?s properly scal ed, principal
conpAn exdmpis dllyssiating theREIAGHOIRY deScribel @B6R: & JpPR&] to a new data

Next, the new data set is Pro jected to the nodel.
SeAh%\émg PREe thapopmpracessrun will be @F%s@meﬁ(b witterefasense ta Figure 2.

o P S P AR5 oy 0 FR AT G o o
cdn%ﬂrﬁﬁﬁﬁ&hﬁﬂ’esl (Net PRCERWIEE Wath IBSy eiable e BachN T nkiwalata, 8., the new
As shown in Figure 2, a residual plot and one

dageeb Fasaivysl iyoRearticaptlecke bl qonisinsi 4drsamplastwills 2P variablie @ach
di vention
L R S R T
cra#t® a afser | @ dthlé\/lné\h dafaQke6 tphd)ettéd foane ksl SfierQhe né%data set is
process runs (with 29 variabl'es each) to a PCA no

prgje;gteé twﬁlﬁlm a gesidual plot isgmoduiced, and fiom tl:lerresathbphbt Itg;an be
0 44t h process run e hor, zont al

Ol TR B 44 e R SRR R i 16 poF HaBdids Bised an outler
the Hmﬁlwnqﬁflflg&@ DCL rdsidihil pI&einG otk B&Dnigan ?I‘nghlﬁnalﬂe contribution
original data set. The line 155 represen

plbt in ravideds Berstpndgnaehieitic omecdralsodithentrof tiepinessiohs AshiescriBed
resi.dual .val ues for,t rocess runs of the new

b5 1EUAR 2 BFRVIHES avepifihe rpé%t‘lléﬁ ApSopiafrd wif qthJe&FIPg aficy/sata set of

4441§’r051=!s@ﬁﬁ1§,?wﬁ14 ) v‘ﬁﬁaﬁl@@ea‘&ﬁ)’lxodaqt@A $RdePhRI Ll ab Erc%n\’ﬁﬁupon plot
respect to the data set he vari abl e contrl uti1on

170heoreesporpling tp thelexemplayed? pravess mins Mhwhotizontdrdagizddine 150

. 25 contributjon plot 170. The rel ative contr.i bution of

infgEher i e PHgIn EuRsepisie aiodektontiferice mis detgsmaing Somkhg griginal

I
e e ] SR Wl  BnPA ks R T UL 0B rebonts the
Q vasiduabyaudsdbnthe d4iprgmss:mlnt of thathew.dafdf tAy shosmiialhecresidual plot

a en identified in contrlbutlon plot 170 as

14@ ¥ P@fﬁsﬁﬁ PEICeEORDS P%'ih‘? B, a@)@ﬁfe?r‘fﬁ OPWGE& Wiffp Faspesé to the data set.

Sou@fhte \fa?agﬁtecgf\i/ Hﬁo éfr tﬁge%&glg 4]9fgr rrb&ﬁ%%ho%{gﬂ%ﬁpﬁj variable
conaﬂuﬂnmg plon 19t 'Il“heerelativs ceitiibiti@csfoptiable ¢o@nd) $7804dIheh) For this
exgr%ple t eerle ?sq onal§ ofale E/arllje{ble) with a high contribution, but in other embodiments
there could be more than one variable being a high contributor. After variable four has
been identified in contribution plot 170 as having a high contribution, expert input will be
sought to determine if variable four is unimportant (i.e., if the value for variable four,
though causing an outlier, is still acceptable and should not be labeled as a fault).

Assuming that variable four is deemed as unimportant based on expert knowledge, the
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Assum ng that variable four is deemed as uninportant

based on expert know edge, the WO 2004/030082
wWOCH4WSABY3/ 030391 -11 new data set will be PCT/US2003/030391

normal i zed. Here, an expert random zer is used to

adj ust the new data set. One enbodi nent of an expert

random zer will be provided-tn nore detail bel ow.

Once the expert random zer has been applied to create

a esensL}izing matri x and the data set is augnented
nei fate s ivell pegioreplized; Higranah FYBertTARAGRIIZEIIE usashogd ustihe new data
seﬁ%h@el’ﬁb&&lmeﬁh&}h% e@cyv u6iARLA 5& BrovchedtiH %o@&&%?bélgw.

run agaln wth a new data set having the sane ~values

as tOncefthe stpenierahdiahiaeicias dessappliad avaeatt heleyentitiaflgnatrix and

four data will not cause an_  outlier. The outlier o
they dpfaveids 2egmenied yith thip esersiizing majrixnheimageod can be run again with

it u t t...The result of .
PRI AP R TR AT se vl Tah BB st fhving g same
vahiek as tHedirstiesedsah Hiséhsoe 45alve, the vaiubld fouf a&tH Sl dofcaliSMn

data set identical to the 44 process run data set 10

outlierd Tap gyier hehavigsef Siowriabla fepr daavibhbeglegensitizeil dutof the data

et . _Fi [,OVi t resi dua lots, in .
o Pl b4 B LR R b b Bt e i e
dektr@itizen SmptRY htEmitrbhgtin S hali ahta BtQHerftic@Moth&MM rodesdtrun data set

the O to 44 sanple nunber side of the graph, where a
usgch Apve, Wilhbeshowidn@asidesby-fide psidoalsglot un. The remai ni ng

td. f th h . | des a residual . pl ot .
¢ esdiifiing RePgr eV aRGs kel pldts Thascilige Yuh Bng emgogimpgat of the
inldhtioh e FEREOD drRXRE Whd R pldierome ek 1 hahd 8@ 48 impad Sumber
been augnented with the désensitizing matrix and the
sigee taagrapk.evheye e darhple indmber ipdicates thefprockds pmo ks semaining
t t d . .kn.c aring.the left sjde of
S RS Sl PSRRI AR s el g sond
tHiREWndRd Secohd BRSNS BE RRIHodKROWAE 989G B&lngaiﬁ%rrfehﬁhtwith the

side of the graph showi ng the residual
depensitiegmmatnig anH¢hatew dait set abadeis iddnécaxp eret4dkprovdse dgedata set

h been i npl emented _20. by way of the desensjtizing i
s, Iy fé}ﬁga%b\ﬁnpﬁf%ie %’f_ﬁlée_ g dlav ngiing eyl Rlghgpissenting
thSHdw Qhta vaodt {Pl@_%xg@r?&cﬁﬂllgd’gef toGfE h'g%t sﬁ@%&iﬁcﬁg g%ﬁg sﬁ(ggtng the

analysis significantly desensitiz e se
residunl pbot nepresentitg thetnbe datadsdier terkpeeknevledgd lhas bEeimplemented
nodel . confidence limt is the sanme as horjzontal
by dhg fissensigpng magiy ifris shown Biatthe srs{dualot the 44 spmpls et of
dafhaks BEer Ghhiri ' ' i ;
e LB R ol 3 I s Hglicindy BAMHERS. Fhe sccond
daendoodd men wvithof the meodehsoafiderme. lindih eTheumodél cenfidence limit is the
contributign plaot in thgre 4 represents the 44th

sarg 3 NRIZopE SaisAing g o0 HEFiguss; 2 tepressnigng tha dataseken thg PCA

(Jap hng the nethod using the data set augmented
m(\g/&[et E}oﬁﬁgegesensi tizing matrix, and then introducing a

new Rigitra 4pedvidebenvariable contribuitien plbt, (i acsdantce! witlaha ef®bdiment
used initially. As shown in Figure 4, variable four is
of the In¥eiion. The variable contribution plotin Figure 4 represents the 44™ sample
accompanying the residual plot that results from running the method using the data set
augmented with the desensitizing matrix, and then introducing a new data set identical to
the 44 process run data set used initially. As shown in Figure 4, variable four is no longer
a high contributor. So the expert randomizer has conditioned the data set such that the

variable four data that initially caused an outlier is now considered statistically normal.
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condi tioned the data set such that the variable four
wdabe/osemae initially caused an outlier is now PCT/US2003/030391

consi dered statistically normal. WO 2004/ 030082

PCT/ US2003/ 030391 -12 The enbodi nent of the invention

works nore efficiently if th&-variable at issue, such

as variable four above, does not have a strong

correlation with the other variables in the process

r un. Therfanbestimentapfithmingentios svarkemers fipieady € 4ke yaiable at issue,
] u [.on. fficient . :
GRS LD AR 88 B e SOEEEL RO GOF] L B0 g
tht Pocessatpl ere vdiBlitiss ectossithd v ilbes cén BB 6hezked with the use of a
Correl ation coefficient charts can be generated with
copreatio spefifisient elariofA pasrelatiunggelicng claart ig@sovided for the example
corral.ati | Cj tee )0 accordance wth.on
BRI R By B 18 e 1 e
appititlg Four is not strongly correlated with the
other 28 variables in the process run for sanple 44,
| f tiiguigor prevides aportdatinatopelicionh ehanh ireadcordanemwitb oher

AP A S o P B
COrRNEQTW AR thel @h@ 26a/atiable@inChe hfoke8ds@8A forlshmBle@ If the correlation

variables are strongly correlated to the variabl e of
beitwiecar esiableifeyr and|dthesivadaties wiers stieng, thesdhe method mmrght be more

.extent. So, .if there e vari abl es. that ar.e strongly .
iRl apdd Pren DRPTE YR ARFUetr 1 Andriee o6 mctesl, if ther
vaY¥iabled Rle@BroffI9 bl RRY 1B thedRBigHE ot ird&est thdiBw @& Be desensitized, to

random zer Will be less effective. 15 Therefore before

sonfeeexéonpebo, if thedoare zeniables thppkd stobnigly @reateditataavasiable of interest

i.s, val uahle to review the correlation charts f ow ,
anguesg ypnanrernopld i B de el eSbenrmoner ralh lohgftective
ThER bR eESe 1t & pAT GRS stﬁigﬁ &fa £ Bath 3+, A7 i

r andorrieze?3 'S ;E’r ovi ded %err] t %oF I %V\n&ﬁgat g%l’ gsl,s %ﬁﬁﬂé foreview
thd edstredationbarlachevforthoe the derighloef idesest corrdlites with ¢heneamairtiye

new data set is conposed of one 20 sanmple, i.e., one
variables 1a daf setTapl e 2 bel ow provides for the case when

t he paw, i [T ME ) i -

o o o o A & b g RS PV i tables. In
Tab&dol beldw, fheaotle prdvades fdrehcese whbe thearey data saviscomposed of one

variables is identified to be desensitized within a )
Sagipifgf-&> PRORWSSSTh bablneReladtnioviteionthie cate When lipmew data set is
2 Vi n .
oG RO SoB el e L A B AR SR T T

previtle fartke tanguhagené or Abrecariahleoistidéidictiumbe desanaditited within a
.could be used to create an expert random zer. TABLE 1
singde BEoCessdun obpevpdeta: Thematlab vasinbla dalinifions jagn pravidedingthe

NS skSidn ™5k %t although matlab is used, any appropriate software language to

carry out the functionality could be used to create an expert randomizer.

TABLE 1

Notations:

Data: matrix containing original data which is imported
m: number of samples in the original data
n: number of variables in the original data
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m nunber of sanples in the original data n: nunber of
variables in the original data WO 2004/ 030082
wOeCTi#0SaB3/ 030391 -13 x: nmatrix contai ni ng nearaat@3/030391
which is inported mm nunber of sanples in the new
data havi ng same nunber of variables (n) p: index of
vari abl es that are determ neé-as uni nportant and have
hi gh contributions kn: nunber of variables to discard
that are not correlated strongly to other variables 5
k et M3k Btaigmemewedafd highsie impetedyect or s: st andard
devingt hemberfoftshmpleain thpnew data haimgepnginnaibedeft vriablias 61
i s p: mpleK tod o ari MDER: thatGreyddtéryninkdsdsninimperthnt amdihanehéght @mtributions
of Isi: AemBi)f-vhridbley/@aliRardahatone SotQorSiatel siolytyto beher variables
C Ol hian Ylﬁﬁ}b@foftﬁ%férsch&ﬁidéav@&bﬁm ated based on expert
kn%%@ i ag i ltroldt Bth %C%NQ%{}@R
al ist u%e IE”E taré S {1 one sa
ew al%nﬁ % /cgrsﬁé%?rﬁd’h |t|aI|2|ng ED
cgveﬁtolrrﬁ P?‘??Oﬁlziérf of size mby-n 15 ED(l

%a{s%fr nygetesthat is\eme clsnlatedireed i exsrpmewiedee | 1 kn
% dildrExperttaats gupix or generatl ng an expert data rratrl X

for each var esen
NDR=r andn( m =1 /&&MAh‘ig%‘BQUHNE* ributed
qg),@nsﬁ 1); % generating a
Cist 'urm eél gp aécl) tgﬁéesémggggggém t%.tl on 20

* O .% cal cul ati ng the
Elﬁe%ﬁf{)f%( i /515 lalwégngb bl sl of Gerosel g o
rl-Xk%oWS@ag@ 11 froy Ok B0 3s:the ogwsamRrleng i f t he
VerrjFatkineo sarts éhedipsp &or generatsngrant exiphie dhfamsatriy foti eablh wariable to be
desdmsitiziedt ri x for i =2:m % | oop for replicating the
s aNpiRegandBmELX); % fenebing a WomsiindistribuRGirdndoin cdtinbhivetor
(J okﬁn&(m%1ﬂV§e&fmm aQ:blu)m"h vect@ M bnes fof RSBk iaGhd
n:RE fﬂn %‘éﬁfehﬁhhg theheREvathSSAREEdiable to
be dS senst 1zed 'i) sed%%relea}e fndW Eige
if p(km,j)>1 % checking if the variable to be discarded is not the first variable in the
matrix
for i=2:m % loop for replicating the samples
ED(, 1:p(j)-1)=x(mm, 1:p(j)-1);
ED(,p(j)+1:end)=x(mm,p(j)+1:end);
end
elseif p(km,j)==1 % checking if the variable to be discarded is the first variable in the
matrix
for i=2:m
ED(i,p(G)+1:end)=x(mm,p(j)+1:end); % assigning the values of variables not
being desensitized
end
end
end
for pp=1:kn
ED(2:m,p(pp))=r(:,pp); % assigning the values of variables being desensitized
end
Data=[Data;ED]; % augmenting the original data matrix to include the new matrix
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30 for i=2:mED(i,p(j)+1l:end)=x(mm p(j)+1l:end); %

assi gning the values of variables not being
wdes@ansiaszzed end end 35 end for pp=1:1-,n PCT/US2003/030391

ED(2: m p(pp))=r(:,pp); % assigning the val ues of

vari abl es being desensitized end Data=[Data;ED; %

augnmenting the original datal4mtrix to include the new

matrix 40 WO 2004/030082 PCT/ US2003/ 030391 -14 TABLE

which is irrpbrted m_nunber of sanples in the

original data n: nunber of i in the original
data Xx: matrix containing mm nunber of

sar#@4oni the new data having same nunber of
var| ables (n) 10 p: index of variables that are
detleatai matd x @sntaimingpaigdizdl daandhivhveinipogedcont ri but i ons
kn:mmumiies odfanysled iabhesrigifaldiagcard that are not
cory: ahﬁ%eldoﬁahaméMltwoﬁglhslrdavaar' ables kmel, number
of i%ig@ﬁhﬁ: %ﬂ, gvector s: ft ansl\ﬁrdhdew ati ont gf
th I a a ich,is

o hoB %)%'P%lg notﬁ e Bl bR sats Puwpeg?f ERbigs hy
15 Pomcf%ég? s S T e g aporent Sh o s Eaprbutons
t hdt: Pembe; of yadghles fp sissardyhatene oot coxplated stiangliée pihayvariables
kndWl%ldgémbwa rewp &artdifanded vedted x EXPERT RANDOM ZER
MAEL #BndaaiUd¢ iliionCe Sl variabesmi theyorignehe ditarwiaoly isitipoeed
of NRRphamally dixeipudal @nddh vESEZETDR(BbFM Nn) ; %
as KD:9RtHYOf idsionkiz& By-FD to be a matrix of zeros of
S1 Z€cdhuB¥ vBetor that is being calculated based on expert engineering knowledge

ED: Expert Data matrix

EXPERT RANDOMIZER MATLAB ROUTINE

Case2: Exemplary code for any number of samples of new data.

ED=zeros(2*mm,nn); % assigning/initializing ED to be a matrix of zeros of size m-by-n
ED(1:mm,1:nn)=x; % assigning first row of ED as the new sample
for j=1:kn % starts the loop for generating an expert data matrix for each variable to be
desensitized
NDR=randn(mm,1); % generating a normally distributed random column-vector
O=ones(mm,1); % generating a column-vector of ones for computation
r(:,j)=s(L,p(j))*NDR + x(mm,p(j))*O; % calculating the new value of the variable to
be desensitized based on expert knowledge
if p(km,j)>1 % checking if the variable to be discarded is not the first variable in the
matrix
for i=mm-+1:2*mm % loop for replicating the samples
ED(,1:p(j)-1)=x(i-mm,1:p()-1);
ED(,p(j)+1:end)=x(i-mm,p(j)+1:end);
end
elseif p(km,j)==1% checking if the variable to be discarded is the first variable in the
matrix
for i=mm+1:2*mm
ED(,p(j)+1:end)=x(i-mm,p(j)+1:end); % assigning the values of variables not
being desensitized
end
end
end
for pp=1:kn
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ED(1: nm 1: nn)=x; % assigning first row of ED as the

new sanple for j=l:lcn %starts the | oop for
wgenereaeisng an expert data matrix for each var Pabius206/030391

be desensitized 25 NDR=randn(mm1l); % generating a

normal Iy distributed random col utm- vect or

O=ones(mm 1); % generating altol um-vector of ones for

corrputati on r(: ,j):s(: p(j])t)*rl:lDR + x(g}n pt(j)%)*o %

al Iat| the n al ue of the vari e to be
it D Bl o R s iRRIBaARE s Of il beineyg

d‘??ﬁ’é%ﬂ? if the variable to be discarded is not the"

fandst varlablelnthe 30 matrix for i=nmtl: 2*nm %
DeiesDitaiED] el dugatehting thh erigaabdas matrix to include the new matrix

ED(i,1:p(j)-1)=x(i-mm1:p(j)-1); ED(i,p(j)+1:

end) =x(i - mm p(j ) +1: end) end 35 el sei f p(kmj ) ==1%

checkKi ng iT—the variable to be dirscarded s thefirst
var i Brgiveded elomeis amexarple fdescribingrthd egontion of the Expert Randomizer

MpgrRBL A A FEEET Bl yaieleshe ied 5l Sneipes one sampl

R 0
ien groc%(&ﬁr]%fl 0%1}12%11% Vg‘gabmﬁ?%g%%gs%ﬂﬁu é%ﬂﬂﬁlé B3 g)gample is

g@&talllésd wfprovide amd e@rﬂbun@rstmeimgmf | dpegatidn lel&gs performed in the

Dat ta; E nmentin orlglna ata matrix
B R0t AR RDF Piov by Soriadd ThelsWaPs ey ot nclude a
dRXARInCOrde86 d Qfaﬂln bihef¥@cUti on of the Expert

Random zer 'ab Routine provided in Table 1. In
_this exanple the new data set includes one sanple
(i.e., process run). Only one variable will be
desensitized Tn thrs exanple. Thée exanple is
Step 1

Certain matlab variables are assigned values by importing data (initializations not
all shown in code). Data is the matlab variable containing the original data for the wafer
process system. The values of the original data are already known based on previous runs
for the same process on the same equipment. The original data is imported into matlab for
use in the calculations. In this example the value for Data follows:

Data =
Column 1 2 3

Row1l 10.0 200.0 3.2
Row2 10.1 200.1 3.2
Row3 9.8 199.8 3.1
Row4 10.0 200.2 3.1

Data is represented by a matrix of m (=4) rows and n (=3) columns. Each column
represents a variable in the wafer processing system (i.e., there are 3 variables in this
example). Each row represents a sample (i.e., process run).

Step 2

The new data is represented by the matlab variable x. The new data must contain
the same number of variables (n=3) as the original data. The new data is imported into
matlab and initialized. For this example the value for each variable/column for the new
data is:

x= 10 200 3



generalized to provide and overal |l understandi ng of
operation steps perforned in the 10 Expert Random zer
woRbd4zaB008 Ut | ne provided in Table 1. The exanpPeTms003/030391
not include a description of every operation of the
code. Step 1 Certain matlab variables are assigned
val ues by inporting data (inil4ializations not 15 all
shown in code). Data is the matlab vari abl e cont ai ni ng
%theq}gri ginal data faor the wafer process system The
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bdsed on eisgndefing k@owklgall ations. In this exanple the
value for Data follows: 20 Data = Colum 1 2 3 Row 1
sté930 200.0 3.2 25 Row 2 10.1 200.1 3.2 Row 3 9.8
.8 3.1 Row 4 10.0 200.2 3.1 Data is represented by
a netPiikingfalised having thesame dize af thd)Datohatrixs(stepdgwhere each
elentninmassiyfled epalasefi0s a variable in the wafer
processing system(i.e., there are 3 variables in this

exanpl e) .Elﬁgcgbrggmﬂ)epr esents a sanple (i.e., process
run). Step 2 The new data is represented by the matl ab

var.iable x. . T w data nust contain 35 the sane
Foﬁgﬁl gtr%pgl?evgﬁt@ﬁﬁ S'(n:3) as the original data. The

new data is inported into matlab and initialized. For
EPm s exanpl e the value for each variabl e/ colum for

the new data is: X = 10 200 3 WO 2004/ 030082

BCT0 US2003/ 030391 -16 Before the Expert Randomi zer is

Oni@idted it is assunmed that x has been determned to

be gap outlier (when conpared to the original data,

obPagay). Also, for this exanple the third variable

has been assuned to be a high contributor and has been
StI abel ed as uni nportant based on engi neering

w edge. 5 Step 3

The first row of ED is assigned the values from the new sample, x
For this step the value for ED is:

ED =

[a—

0

[\*]

00

O OO W

0 0
0 O
0 0

Step 5

The standard deviation for Data is calculated. This standard deviation will be
used to generate the expert randomizer.

s=std(Data)
std is a matlab command that calculates the standard deviation of a matrix.
So, the value for s is shown below:

S = 0.13 0.17 0.06

Each number in the s vector denotes the standard deviation for a variable in the Data
matrix.

Step 6
Next, a normally distributed random vector with 3 rows is generated.
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ED is initialized having the sane size as the Data

matrix (step 1), where each elenent is assigned a
woabum3ais20. 10 ED = zeros(mn) For this stepPChAS2003/030391

value for EDis: ED=15000 000 O0OO0OO OOO

20 Step 4 The first row of ED is assigned the val ues

fromthe new sanple, x For-this step the value for ED

is: 25 ED=10 2003 000 30000000 step 5

The standard deviation for Data is calculated. This

standard deviation wll be 35 used to generate the

ex peVPRraraeni3zler where sandp bae stpndasd ehatleb eommiand that generates

command that cal cul ates the standard devi ation of a
randdm idxta. So, the value for s is shown below s = 0.13

0.17 0.06 40 Each nunber in the s vector denotes the

T@@I\%QNWE%%@H%BGV a variable in the Data matri Xx.

Step6 45 Next, a normally distributed random vector
Bﬁﬁfﬁ 3 rows is generated.

0.7119
1.2902
0.6686

Step 7

A vector labeled O is generated. The O vector contains ones and has the same
number of rows as NDR. This vector is used to facilitate with the matrix computations.
O = ones( 3,1), where 'ones' is a standard matlab command
The value for O is shown below :
O=

1
1
1

Step 8
In this step the standard deviation of the third variable from Data (i.e., s(1,3)) is

multiplied by NDR. The resulting value is added to the value for the third variable from

the new data (x(1,3)).
r = s(1,3) * NDR + x(1,3)*0O

This provides:
r=
3.0411

3.0745
3.0386

Step 9

Multiple copies of the new data, which is not being desensitized, are made and
assigned to the second, third and fourth rows of the ED matrix

ED =

10 200 3
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WO 2004/ 030082 PCT/ US2003/ 030391 -17 NDR =
randn(3,1), where randn is a standard matl ab command

wohedd/ogenser at es random data. 5 The val ue for RDRUS2003/030391

shown below. NDR = 10 0.7119 1.2902 0.6686 Step 7
15 A vector labeled O is generated. The O vector
contai ns ones and has the sat® nunber of rows as NDR
Thi s vector is used to facilitate with the matri x
ons. = ones( 3,1), where 'ones' is a
g@n@g mat | ab connand The value for 0 is shown bel ow
20 1 1 125 Step 8 Inthis step the standard
d@vﬂﬁﬂloﬂ of the third variable fromData (i. _
s(1,3)) is multiplied by NDR. The resulting value IS
Staplded to the val ue for the third variable from the

new t 13) s(1,3) * NDR + x(1,3) * 0 30
Thi s §f is %SSlg@fsi tg rows 2 thrgugli4 of thg tggBenlema ef the ED
matrix.
ED (2:4,3) = r
Therefore,
ED =

10 200 3.0000
10 200 3.0411
10 200 3.0745
10 200 3.0386

Step 11
Finally, ED is augmented to the Data matrix. This new matrix replaces Data.

Data=[Data;ED]
Therefore,
Data =

10.0 200.0 3.2000
10.1 200.1 3.2000
9.8 199.8 3.1000
10.0 200.2 3.1000
10.0 200.0 3.0000
10.0 200.0 3.0411
10.0 200.0 3.0745
10.0 200.0 3.0386

As described, the Expert Randomizer provides a method for adjusting a new data
set, which has met the outlier, high contribution, and expert knowledge criteria discussed
above to then normalize the new data with respect to the original data set. The normalized
data is then augmented to the original data set. So, the augmented data will have been

desensitized to the variable data which initially caused an outlier.



10

15

20

25

30

40 Mul tiple copies of the new data, which is not being

desensitized, are nade and assigned to the second,
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3 WD 2004/ 030082 PCT/ US2003/ 030391 -18- 10 200 0 10

200 0 10 200 0O 5 Step 10 The value for r is assigned

torows 2 through 4 of the tA?rd colum of the ED

matrix. ED (2:4,3) =r 10 Therefore, ED = 15 108200

3 00 200 3 1 10 200 3.0745 10 200 3.03
sgabof}%e@pﬁrapplgﬁ cepsied herrdhiiat amrertqf éhegiawention are useful

ol RLTERG g LGS 8 o ERARLAR 0 P
th8se2fp@ehtiods. STHOSpAraBuslifObe deciall R O6hsBudted B8lGhe AQuied gurposes or
it %n%g)/ bg asgeggrglopuql)gseoco?nop%tee sglecc:)tfrvleily aﬁ:?lvezlltgd gr (23(9an1 g?lred bcya4 computer
program stored in the computer. In particular, various general-purpose machines may be
used with computer programs written in accordance with the teachings herein, or it may be
more convenient to construct a more specialized apparatus to perform the required
operations.

The invention can also be embodied as computer readable code on a computer
readable medium. The computer readable medium is any data storage device that can
store data which can thereafter be read by a computer system. Examples of the computer
readable medium include hard drives, network attached storage (NAS), read-only memory,
random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical
and non-optical data storage devices. The computer readable medium can also be
distributed over a network coupled computer systems so that the computer readable code is
stored and executed in a distributed fashion.

It will be further appreciated that the instructions represented by the operations in
Figure 1 are not required to be performed in the order illustrated, and that all the
processing represented by the operations may not be necessary to practice the invention.
Further, the processes described in Figure 1 can also be implemented in software stored in
any one of or combinations of the RAM, the ROM, or the hard disk drive.

In summary, the embodiments of the present invention provide a method for
incorporating expert knowledge for the identification of unimportant out-of-statistical-
control signals in wafer processing systems. The invention has been described herein in
terms of several exemplary embodiments. Other embodiments of the invention will be
apparent to those skilled in the art from consideration of the specification and practice of
the invention. The embodiments and preferred features described above should be
considered exemplary, with the invention being defined by the appended claims and

equivalents thereof.
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10.0 200.0 3.0386 As described, the Expert Random zer

provides a nmethod for adjusting a new data set, which
waaso4mseost he outlier, high contribution, and erp@mIS2003/030391

know edge criteria discussed 40 above to then

normal i ze the new data with respect to the origina

data set. The normalized datdis then augnented to the

original data set. So, the augnented data will have

been desensitized to the variable data which

initially caused an outIi@LADWS 2004/ 030082

PCT/#§2003/030391 -19 Any of the operations described
Lher ef\rineihad fenadHiisingta éata ﬁﬁedqﬁﬁmm sejrpfamrecegs ang) each process

ti.Qn ven o.relates t

e RE P o DA B0 8 of NGl B % Wi rocessing
ompaionl cangrisidfne apparatus may be specially constructed

for the reqU|red purposes, or it may be a

geneiestlymgraiaeee] deryask fsom sdaissets vel v acti vat ed or

ram stored in the

f b
conpl Py A e e R b oo B SR R RS i pose

conputer. 1% par

mac hpropstin@iheliRw dbsesbt ¥ the nfgdepuUt er progranms written

i n accordance with the teachlngs herein, or it may be
nor eldg@fHving armutlics de@mpeint @mduwdmr@esﬁemi the prgetting;

appajy rmthe re atians

i nvgln? Ilgtgﬁmgan aaﬁa%g %oéreé?%lg tE% Og%ﬁ’btﬁlf’%?lat? 88%6E%ldentlfled
vaeatR diﬁlbatlrﬁg)ﬂﬂllgh%bnmiaghérﬁadabl e medium The conputer

readabl e nediumis any data storage device that can

st oridegiiymaehiatue f@aﬂletma@afmmthbeeweiam s a conputer

tem Ex t dabl e nedi
el SRR e e Aot B 4FEons BPETRIE. ( NAS),

r eadcr@m ATBOMiized TGhO BF A&E CSnd BRI ddPa ﬁi@&Fe
Cr:% RWs, magnetic tapes, aIr11d ot her optica vanagle that
W@ﬁcﬂf—tmmﬁdatb b@amanmma@emwavh ofithe ndhelataepartdethe data set; and
r eada di |so be 15 distri ted over a
net \A‘i?%ﬁtl%nﬁ‘ﬁldé@ S&EWEF@“%&W%BXPE #3t he conput er
readabl e code is stored and executed in a distributed

fashion. It will be further appreciated that the
2] nstThmnétbQQOfdphmieﬁurthddomplrils'mgpper ations in Figure

1l.are not req d. t e d in the order

regqiyE A S50nd %‘?&8?1}1"5?1 f’éﬂnP&F 83%56%%%% ng represent ed
by the operations may not be necessary to practice the
i nvention. 20 Further, the processes described in

3.Fi gurhe metbadofi¢lsin Defuithglcomprikiagd; i n sof tware stored in
any one .of or corrbl nations of the RAM the ROM or the
har JeEf SRS e 1Ry data s afdar y, the embodi nents of the
pre r ffor incorporating
exp ?J%ﬁ%%ﬁg g %rsg%/ Oqﬁe gnt#&%gatl on of wuni nportant
out - of - st atlstl caI - control signals in wafer

progessi ngogyfsterrs The invention has been descri bed

4. her claim 3, further comprising;

determining whether the one outlier data point remains as an outlier.

5. The method of claim 1, wherein the set of variables include at least one or more
variables representing a chamber pressure, a chamber temperature, a delivered power to
at least one electrode, an electrostatic chuck clamping voltage, at least one gas flow

rate, a recordable process variable, a change in a process parameter, and a change in a

software setting process parameter.
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25 ternms of several exenplary enbodi nents. O her

enbodi nents of the invention will be apparent to
wohos@3aisz| | ed in the art from consi derati on oPCThs2003/030391
specification and practice of the invention. The
enbodi nents and preferred features descri bed above
shoul d be considered exenpl-dty, with the invention
bei ng defined by the appended cl ai s and equival ents
t hergof. 30 004/ 030082 PCT/ US2003/ 030391 = - 20 ,
Ol Al n??ﬁloﬂ%%%‘d{’ reiy defSrningneawhether the valye foriheyariable
isAngs r Ss run having a set

of d%?g%égﬁgggggﬁgwgge¥§ﬁgﬂg§?&%$'variabIes for a

waf er processing operation, conprising: 5 receiving a

nodel, derived from ata set; receiving a new data_
T.aet B PESORIIYI G TR D PRSI FEe 1 kopwiereme! bahevior of
thBgWgat a set to the nodel; identifying an outlier data

poi nt produced as a result of the projecting;

identifying a variable corresponding to the one

outljer data point, the identified 10 variable _
8.exhi JB'ilet mﬁﬁloa %hiciimclo vehergiy theotplus fge the Yagiahlg ia upinpastant if the
L abl:e f t e del erm ni ng
G ARG e R
creating a normalized matri x of data, using random
data_and the variable that was determ ned to be
9.uni nplésr mgthed of glgine A clyriber qomprisig; dat a set and t he data

. ing .t t t with.th nal i

oS8y PN L8y et ] LR A o

the seTioif ivatiatges Afee deteimiging vGIRARA the MGR] fofl el vagiEbIk i PMRipSrtant.
updat ed data set. 20 3. The nethod of claim 2

further conprising; receiving the new data set; and

r oj ' e new data. set the second nodel. 4
1y o) Kbl St o RRE T A4 kfiniog i, 67 RipetBiims, cach process
rufl€fa@inE AisBlgofvagh %ﬁeﬁﬂbﬂdﬁlﬁeto%tséti & valabees et at wﬁi%ﬂ?kd’b%ssing
as an outlier. 5. The nethod of claim1, wherein the

opseatiopf compriséif: es i ncl ude at | east one or nore

variabl es _representj a chanber, pressure, a chanber
t enp fat r ‘ée,l%gg 3@??4?2&%3"3@ E’iﬁé‘? ag R 5%
(b) receiving a new data set;

(c) projecting the new data set to the model;

(d) identifying outlier data points produced as a result of the projecting;

(e) identifying one of the outlier data points from the outlier data points;

(H) identifying a variable corresponding to the one outlier data point, the

identified vatiable exhibiting a high contribution;

(2 determining whether the variable is unimportant;

(h) creating a normalized matrix of data, using data from the new data and
from the data set, the normalized matrix of data created using the
variable that was determined to be non-important from each of the new
data and the data set; and

(i) updating the data set with the normalized matrix of data.

11.  The method of claim 10, further comprising;
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at | east one electrode, an electrostatic chuck
cl anmpi ng voltage, at |east one gas flow 30 rate, a
woeowrodaisk e process variable, a change in a pr®eCcess2003/030391
paranmeter, and a change in a software setting process
paraneter. W 2004/030082 PCT/US2003/ 030391 -21 6.
The method of claim 1, wherefdr determ ning whether the
value for the variable is uninportant is perforned
with e ert kno&| The net hod of cl aim 6,
wher B r%%’(‘ﬁﬁeﬁi‘fps \Aﬁéﬁr{ﬁ? fprsquh% Ry a3 Hs-or of
5 the variable. 8. The nethod of cI aim1, wherein the
value for the variable is uninportant*if the value
1Z2voul Bheranethed es& iclaa'amle 10alWhengn adétermihinign whbghewether variable is
roceSS|n n. 10.9. The nethod of claim1,
H’PPH%‘?’“%%?F%F ﬁ‘@t FBEE KROWIEASE- whet her the vari abl e
is strongly correlated with a remaining variable from
the set of variables after determ ning whether the
137al UEhd methblief viairh 40) whdrsinerpapRiidwilelge is kdowhdgebhBshavior of
for a})dj usting a data set defining a set of process
the y@dableach process 15 run having a set of data
corresponding to a set of variables for a wafer
processing operation, conprising: (a) receiving a
14rodeh mmmwml updpitga det et 8eflriing § Bt of PEREM fls, adlePYocess run
data set; (c) projecting the new data set to the
hayyiged set Qf)d%ta FolreRpRRGing foyse of Variablegdena yefen procpssinfLienstation,
C&ﬁ? l:%t,g.as_ult of the projecting; (e) identifying one of
t outlier data points fromthe outlier data points;
(f) decningfayiatigseg variable corresponding to the one
outlier data point, the identified variable
exhlllﬁfmglgagchlil@ioé]éﬁﬂl&tﬁl Bfiti on; (g) deternining

et t: 25 Tl
et ctor bl MR o B Wi S e SRL Mhe o
méddla and fromthe data set, the normalized matrix of

data created usi ng the variable that was determ ned
to becdvAginaysitaant from each of the new data and the

nor R e R phRelRO Bia B85 17 “rhe met hod of <l ai m
10, iHedtfiaE oGQH¥PHAS pBRkis based on the projecting;
examining a contribution plot corresponding to one of the outlier data points;
identifying a variable that corresponds to the one outlier data point which
provides a high contribution in the contribution plot;
determining that the variable is unimportant;
creating a desensitizing set of data for the variable based on a standard deviation
of the data set and a randomization of the new data; and

augmenting the data set with the desensitizing set of data.

15. The method of claim 14, wherein determining that the variable is unimportant is

performed with expert knowledge.

16.  The method of claim 15, wherein expert knowledge is knowledge of behavior of

the variable.
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(e) - (i) once for each of the outlier data points.
wa2004fberseret hod of claim 10, wherein determ ni RGT/US2003/030391

whet her the variable is uninportant is performed with

expert know edge. 5 13. The nmethod of claim 10,

wherei n expert know edge i s -Rhow edge of behavi or of

the variable. 14. A nethod for updating a data set 0

efining a set of progess runs, each process run 1
lﬂavi ﬁg}nf‘gh%%?m fiugiinga dap matpdefinting & 6°tof pEqcess runs each process

' ess) [ .

rofTRL et OF Qe HESpoRRETE°L 38 SOEUAIR Yor o wafer pgpoessing
opecatidnecatapisiget ; perform ng princi pal conponent

anal ysis to the scaled data set to generate a 15

nodefecelyigg s datnpaavpid raws pré Meeelimgs therendequials a number of

Ry i fyi Ler. data i nts. based on

prbGs SR M AL Mtk U Bl B B By
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18. A method for desensitizing a process variable associated with a wafer
processing operation, the desensitizing configured to prevent the process variable from
causing a false positive fault that can cause the wafer processing operation to halt,
comprising:
referencing an original model representative of the processing operation;
running a new processing operation to generate data representative of the new
processing operation;

projecting the data onto the original model;
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21. An expert system for desensitizing variables based on engineering knowledge,
comprising:

a first database that includes data for process runs;

a second database that includes corresponding models of the data;

a processor coupled to the first and second databases; and

logic that identifies outliers and variable contributions that caused the outliers,
the logic being further configured to incorporate expert engineering knowledge in an
examination of the variable contributions, and the logic adjusts the data in order that

future process runs properly identify resulting outliers as faults.

22.  Anexpert system for desensitizing variables based on engineering knowledge as
recited in claim 21, wherein the expert system enables proper fault detection due to a

desensitizing of variable contributions that can cause false positive faults.



appl yi ng expert know edge to ascertain whether the
process variable that caused the data point to be an
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data; and augnenting data that was used to generate
the original nodel with the desensitizing data, the
augmenting configured to prevent the process variable
from causing the data point to be falsely identified
s ap outlier in.a subseguent .processing operation.
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nmet hod for desensitizing a process variable associ ated
wth a wafer processing operation as recited in claim
18, wherein the augnenting enabl es accurate
identification of true faults. 21. An expert system
for desensitizing variables based on engi neering
know edge, 20 conprising: a first database that
i ncludes data for process runs; a second database that
i ncl udes correspondi ng nodel s of the data; a
processor coupled to the first and second dat abases;
and logic that identifies outliers and variable
contributions that caused the outliers, 25 the logic
bei ng further configured to incorporate expert
engi neeri ng know edge in an exam nation of the
vari able contributions, and the | ogic adjusts the data
in order that future process runs properly identify
resulting outliers as faults. 22. An expert systemfor
desensitizing variabl es based on engi neeri ng know edge
as 30 recited in claim2l, wherein the expert system
enabl es proper fault detection due to a desensitizing
of variable contributions that can cause fal se
positive faults. WO 2004/030082 PCT/ US2003/030391 -25
23. An expert system for desensitizing variables based
on engi neeri ng knowl edge as recited in claim 21,
wherein the variabl es represent a range of variabl es
defining changes in a design of equi pnent used to
performthe process runs. 5



