CONTROLLI NG A MANUFACTURI NG PROCESS W TH A MJULTI VARI ATE MODEL
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[003] One difference between batch production and continuous production is that for
continuous manufacturing processes the chemical transformations of input materials are made
in substantially continuous reactions occurring in flowing streams of materials, while in batch
processing, chemical transformations are performed discretely, e.g., in containers or
chambers.

[004] In the semiconductor device manufacturing industry, device manufacturers
have managed to transition to more closely toleranced process and materials specifications by
relying on process tool manufacturers to design better and/or faster process and hardware
configurations. However, as device geometries shrink to the nanometer scale, complexity in
manufacturing processes increases, and process and material specifications become more

difficult to meet.
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apply to batch processes. Control over batch manufacturing processes
i nvol ves nonitoring a process and mai ntaining the process (e.g., by
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cont rol | erweyagdssdre i ncl udes m nim zing a paraneter ofpdings:000eGké Ve
function. Sonme inplenmentations involve determ ning desirabl e val ues
of the score or the nultivariate statistic (or statistics). In sone

enbodi neenesdent yarizhle alg. i hho distisction hegweendeasiahlgetipes, fciliiaiese anabisis| and
that pregdlcls. .val L t Il S

ot or i SASEhENE S5 ferhad AOHENP S RERE BT IR ot ARG fIBHE (D82 BB
pr esent stt@tioe s Imfuch venfigpetwhendistuebanceb lie adauléyarite GagvbHoteiling ) efid/or

these. 10021]1n nmbodi nents,. th t hod i.nvol v.es i.ng. C
odel - HAtUREH, EREPETRE TRtk it ey R ER. Disifudy 586
par amet g4riibleechgnges Whdtohoudd Gestle i @didtiirbghob orfeganat end nwdtivasibleespamt ia)a
and the_second set of process pa?ra ters (e.qg. mch are represented
by mani FATHER Ra PRseTt A pystemsithat anafyre dataasiograted prls R & SCORRERIFS ni ng,
with a [pekd)i vari adeQedDd8tured MRsRibEAl i okl pYalidhe fhidller t R aRGRECas WiIE N
or nore nultivariate statistics, or both. Some inplenentations .

f eat ur eanparenhiglthese of skill én hegel Fprexemplengulivadate stgtistisali data ase embedder in

dEpendeQSndo\ﬁ@f-ﬁaﬁg%gieglﬁéﬁ%g gc'anpﬂﬁr&r &Fﬁ'fcfﬁgeﬁ:jt 3 {bg&ﬂn% t%nﬁ&ldstﬂﬁafgqgrpﬁnmvide

vari abl e dat a. es o ivarrate statistics

f or useeipactedealved hbdertaic ltymbe ofriataoandnetatistiof assoeiated| widwihegmarufactuying,
a Hotelling's T2 val.u a D\Vb val ue, a r.esjdyal ndar.d i atian
Tl e, BPos ol SR f RRRmERE Fee® L b br PAORHRI R Al
al so i nplotkdsesa Mbreevepabbspviiondsvel camtedl ysll soritinaows andrbathppiotésads is
| east squares t-score, or both. The manufacturing. process, ca e a

cont | nUBUEIED pi b st AR A BECERPNG BROIELCE Caob Sammne or
anot her ;3%pRGte phrifeteRVENHeARulkiPArdkee Mol B b |jaitiéalat 3R SOMbfTAdging
for a contrnuous or batch-texpe manuf acturi ng process. The contraller

i ncl udeBrogesgloritar ebsermrtiondeyeh censiok(fme-c Br ieBhergontinugus) py bajsh pipcesping) and
process 0 | urali F;ﬁggr [ I Bt akied futur
vari abl téatt%gitegd]%r& gtr%at %«; ,p%g%%g‘i{r%% é ’n%uggglgﬁgé%étﬁﬁo\?g??* agélﬁe dla af reom
t he sensaue.of depemiontt vaylables darndéori martipdiased wartables) engruised éo aesguit. fo pest,

dependent variabl e data ar epresent at i f i

e R AL e B & SR I a0 W MO 58 Py b
The manbfped ahetie wasiliebdfep@adicrd afufurs epimpsentMultiveriadé (expdidtdting sl Tes
of a second_set of pro par anmet er s control | e

cess e.g., or :
cont r ol PXAE) ssiptishet oF s‘}a.?“e?h o MG Pé: rt'sg?"gﬂ f“ﬁc?‘i‘j’aﬁgam@{ﬂrv@?dwted'
modul e {RrdoS&E ntftivatihRMbREdHo: lebiviAdting! @nADISkes ot ?ép@ﬁ@ént QHRePhre also

predicted vyi efd data, predicted manipul ated variable data, predicted
dependefitsciiedi abl e data, a nultivariate statistic or any combination
of thes sed on : ' j VaGiaa! e aRe
dependeﬁ]tol?@ari abl‘%l? th-thﬁ h%d%%g?%g#&%ﬁgfgpg?ggbgg%%g at elsﬁ@a S_esq)(’)%e

t he manivaizbis édo websttalok egb-fypes. pOuw subsetf Kotyph datp lave idkitifiedah mpnipubtes

t ool s and. predi ¢tion el .that provi at, | east predigted
stati st Yﬁd’éﬁ’ﬁa g?%“’f@%%‘ﬁ%‘?%%g%ﬁ‘%%ﬁa r‘ieni)tﬁggfwé ANGHE rsf%[gsf' g‘%: %’&?@ie data
adj ust saengerfifiedras Gepeatan®utiitesaindtdegotpd Kpal Manipolhteprvatigids dre gbserally

based on the generated val ues of the ni pul ated vari abl es. .The
mul ti varirePles oF manuiariuring garapgters, IR GICEHY poniolla Sucky o5 fos Sramples

of a scgy ueqL%?ﬂth&g; Shedical RbM@ntrRicnYDSX ¥R Messurd, E&ﬁ%@&@bwé‘ BLah

td
devi ation val ue,” or a conbination of these. I'n some enbodinments, the
predi ct valtagessd @rocessiiauites b geoenab ampasiefactuer gevedly saceoupisdar et meniteay kgess

; - | ) . ) ot ‘

or edi o 150 oD ettt P08 Rt prieebs SR8 wih oy o i wmobltiing

predi ct el sapeioslesyttemar iPaduessey atvabing mtve thareabiont 20 maniptiiskedcenniables can
edi cted val yes of. vari.ahles from

id d h )
P out e biom sanr ol bepmEclin Daetent BHEIFG S PO arabies fheb are

measured by sensors and cannot be controlled directly. Examples of dependent variables are,
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vari abl es based on a controller objective. The controller objective
can optim ze a quadratic-type function associated with the

manuf act ur wogepresess. Sonme i npl enentations invol ve a gantoebiobiiss
objective with one or nore constraints on, e.g., the dependent

vari abl e data, the manipul ated variable data, the predicted yield,.
data, t e example.Ramberdemperaiuss, gas PISPSUEs, HmpsTaige pr p@ﬁS%%%d%%ﬁm&Won
of thes r i b | el

25500 arhd T handl REat IO RIS MColBR, Rt IGLITPEE depSiteft

| n sonevaiablsdicar mepgesenthe redubsd datasetule. i wariables derivedi fiverdl rawtdats zuahi &n

sol ver. ..Sone..canfiqurat i lLncl I Lacl.udi e
R R R e R
modul e, camhotled firdctie adjmkted rduringl tHeemamdachiring qesdes| Dophdére vasabléxecan be
sub- nodul es, of a |.arger. nodu] e, processor, or .conputin nvi.rgnment .
0026] 1 8y arsociRled SHGE oy deniagBie ot BRsS o o Rap B g BT €.
syst em gjfer G tnBivhi RthtRnERH o Ginithé e rBla@6REDs Which SHisy &N mag|dsas a
data acquisition nmeans for acquiring, froma plurality of process

tool s, erapiripallyetsgmipgbleapd/er wadded-epresent ati ve of expected val ues of

a set Ofoog‘fe]ocess ﬂ@fn@”ﬁgglf,sth@%eﬁﬁtgn RS {of ngmfyﬁtefnﬁlﬁ)llé?ﬁéﬂieﬂl ibodfor

sensors, pendent vari e data representative of values of a second
set of pmbobmg apaanafastusing podrses: vide nfhadHavalyesrredeiing édpendant varigbletata
system i ncl udes .a_ pr.o nt r L i '

o2 oot el fRe AlOSERT, SR BodlE A, dEndifit LI Ik SOFLALLANR
i ncl udesr values lof b \fastisat & process piramean obtavaldiyesird axenorb agesdrsoTha method

mul tivariate statjstical nodel,. values for the manjpul ated vari abl e
Gt ¢ BvavEy eI PREPHREN oetatlp hR e bt GEEE ofttes
stati st 6@l a "pd@lity" 8€ ird@ss abolk eadt rdebi®in@ChreticRd nRfiphlieal ediayRr dabl e

data and dependent variable data and provi des predjcted yield val ues
and st aMasipilaied Yanebleraeta ais teBresmétiye of dsiecash st it BrRCHS PHAREE OISt

| east t &ﬁm{)gé’cﬁé M%ngaﬂ%i&lpr%%gg&:&ﬂe@fgmﬂm&ﬁ&m%ﬁes RS mAREY AllbRNGHe

par aneters eterm ned e .pl’ _OCESS. Qont rol neans Opt I'mze or
sati sf yofa preditted sconbyaue, iaveultiyoomrsitdishe or hpthebaserd en atdeast tha egcgiyed dafg-

o e FROYSEAE RO SSRRCk L4 0o bo0h, 6 SRR SR

fully ubded e atdehsbihe peddeteinceretvaluethe moltivesiate gtatigscen hpth.on and

dr awi ng ich gre illustrative_.and nqgt necessarily to scale.,.

Al t hougﬁmgﬁg conggﬁf’@ef Oﬂl_é%e@ S fsche Oé'ﬂ%esleﬂoﬁﬁ)rf’ﬁesF é’é‘éﬂ"fﬁﬂsﬁ %"géf which are

manuf aciedfeséifled b fRAPulaRAr darigble Aatay at GafFbIANdlREAhe naheheRGE otk

or biotechnical manufacturing process, it wll be appargnt tQ enngt%f
’

ski || i hhg fitst 8ttof PRRCESSt PREATBRIFTE dp8s WHSH R ERRFSPRIFhPY psient (v

exanpl e | Iy ' fi j ; : S
appl | ol ank ket GhflchRd a0 piRRlb A Bt WIRH Htpelithg viRRAR,

poi nt s icludpsanssfor thegnaniirilated DEBLRS,AG ORhof iTvaEvepRAMIdY@Sthe manipulated
variable values to the plurality of process tools. The method can also involve modifying the

present or future values of the manipulated variables based on the past or present values of
the manipulated variables and of the dependent variables.

[0019] Some embodiments of the method feature receiving predicted values for the
dependent variable data. The method also involves, in some implementations, predicting
values of the dependent variable data. Determining operating parameters can involve
satisfying a controller objective, Examples of satisfying a controller objective include
optimizing an operational objective function associating values of process data, yield data,

result data, or any combination of these of the manufacturing process. The objective function



[ 0030] The foregoing and ot her objects, features and advantages w ||
be apparent fromthe follow ng nore particul ar description of the

enbodi ment wo ARskiustrated in the acconpanyi ng dr aw nggcigs2Mue iss
| i ke reference characters refer to the same parts throughout the

different views. The drawi ngs are_naot necessarily to scal.e, enphasis
| nst ead BEHIISPIE ol GADTIRMETeT e aprnaent vanabida5t-dus Brnippated variable
enbodi Mgk Sthe pRAFHIre Valis the RuRFArislt 3GHAMS 0dr Ay SOR{bRRbAAE these. In

enbodi es aspects of the invention. [0032]FIG 2 is a block diagram
i |1 ust r 82 gmhedimenisdiheepne of mere pstginfsopret ysai-snepidiedd esongtraints can be

mul ti vaplalig.aRsf C Y| : ' amillustrating
anot her Eéesrgrr%%al mnk’e%%l@%%gﬂoﬁvggf‘ gpﬁlt%g?ﬂu?%t%gg&a mul tivari ate
nodel . [@BK] FI G Suitabls aorfittadler chigedtived lindudeat amapga atherf)od floadratic-type

i npl tin i ters. f fact.uri .
[ 0035] Frtsctih. PB 55 ethddRupis] Hiding $be sertlpe phigcive dpthds dPmimieing 2
oper at i pgapecaoEiRrdjdctve furtaon§ 86iny iinpBmRhREASSIndslde Haemsiatngrdabiriblg

a predicted val ue of dependent variaple data, JOO36]FIG 6 is a flow
chart i VBES¢ibP Sgerg Grel GRS eaits ﬁ‘?frﬁjatﬁﬂéf i B SORErfmbpgiments, the

method involves using a dependent variable model that predicts values of predicted
dependent variable data based on determined values of the manipulated variable data, the past
or present values of the dependent variable data, or combinations of these.

[0021] In some embodiments, the method involves using a score model that predicts
future values of the first set of process parameters (e.g., which are represented by dependent
variable data) and the second set of prbcess parameters {(e.g., which are represented by
manipulated variable data). The method can involve determining, with a multivariate model,
the predicted value for the score, the one or more multivariate statistics, or both. Some
implementations feature the multivariate model receiving measured manipulated and
dependent variable data and predicted manipulated and dependent variable data.

[0022] Examples of suitable multivariate statistics for use in the method include one
or more of the following: a score, a Hotelling’s T2 value, a DModX value, a residual standard
deviation value, or any combination of these. The multivariate statistic can also include a
principal components analysis t-score or a partial least squares t-score, or both. The
manufacturing process can be a continuous-type or a batch-type manufacturing process.
[0023] In another aspect, the invention relates to a multivariate controller for a
continuous or batch-type manufacturing process. The controller includes a control module in
communication with a plurality of process tools and a plurality of sensors to monitor
manipulated variable data from the process tools and dependent variable data from the
sensors. The control module includes a multivariate model. The dependent variable data are
representative of values of a first set of process parameters that are observed by the plurality
of sensors. The manipulated variable data are representative of expected values of a second
set of process parameters (e.g., controlled or controllable parameters). The controller also
includes a solver module to receive, from the multivariate model, at least one of predicted

yield data, predicted manipulated variable data, predicted dependent variable data, a



operational paranmeters for a manufacturing process. WD

2010/ 085479PCT/ US2010/ 021486 [0037]FIG 7 is an exenplary user

I nterface Wworzospssi7dyi ng constraints to be applied to qmi/mzzgmamg
controll er objective. DETAILED DESCRI PTION [0038] FIG 1 depicts an

exenpl ary system 100 t hat es cessor, 105 and a

Tt or 1 aEREGHS TRl s ARy PG of fefSE ives He PG e Gurgtegranipulaed
keyboar dariabRusR defenadnt hagkble dafl erThe CRswer and@LRPHLE Fendites valbe bf AL,
voi ce input, or other input/output channel for a user to communicate

with t heiapipelatsd yariablessor proyidiigsn s Rlwalityiofprocess tenls anddo gmwdiction mogels
(e. 9., hBtHB ﬁgésféfléégﬂcﬁ‘l&ﬁctgﬁ)gta&slﬁ@atd’a@dl_ nts). The user interface 110 can
|nclude a display su as a conputer nonitor. The processor 105 is
coupl ed[00@4]a pr oc’ﬁ‘@sqmgolﬂeicinl fome ifemeTitediops, GERSSiang OF adrk PeMIBEES of
perfor S$i.n n E |

Cont oxt BPUPHE SEAoLAS s BoRr GEdk deh REL AT el AT aptel

per f or rrmunivaﬂa&s siatigticf wsed thyahs cottrollepirichides 20 easn dne of awbsreﬁl{preﬁmg%’ézd

waf er 120 a ed wafer 120' are,il.lustrativ
only. a2 PiafR oGl adryoueh SHRda AP rt Butepise oo AmBiretisn o) pate. T
manuf aCEdﬁﬁd dhebadirkéies ﬂie(lﬁecﬁctlon&nmﬂrﬁ'ﬁﬁ@yé bcord medeh Ew&e%tawpr@dmtédl Gildésng
or other unit processi (r;% step, or biotechnol ogy fernentation,

cul t ur eforghe selver medyle Cﬁ'@dlfe@-@‘)e myliiyaniate setidicsg Fhecpredictjony wdela?ﬁn
i nclude;boal § c%geﬂ:ﬂ'éﬂ@%}ﬁﬁﬁ thb té lpeRte Ig)?édlctédoﬁepgff&ﬁp L &iabfd GAMsNOThe

purification, positing material, mxi materials or chemcals,
di ssol vimgichent endds) s:amralmw@mve@ @redrcéedowlngs vt depengent vamab#rSnéom the

acii ¢ popfERai ot Ehd Siftetddil 'kt AL o, ROBECHRVAths

i ncl udepredikted platisthlatatzotosheocontrnl msdule ard the sdieerhaxdulel ty 115. These

functio an be _associated with.a plural ar amet

for exalBRE. " gas [boa0e rastptsynd sflvefhiodud pdenlis ReSor e HRERY R
pl asma Qdriable Bisealbos atonhbIng REjEea. THRNRaREIR bblRbtve AARPEmIRYAlRLE-S.
In sonme enmhodinents, the &O%arreter Is the yield Ioss of the

parti culvas funstien assogated ithobe gasuBEuERe BRosesss STy, Implemeskaions igvolve a

par ane! fufoREbIiRHIP Witk brafishe TRMNMRIALEL § Ot rdéﬂéiﬁ@n@va%b’l% Ut YheO
out puts 125 contai ning data about the variab ., the physical

par amet magipalatgd yarisbbodata fhe predictgd vishdidata,chs multwamﬁé stetigicdoxstaigptics), or

facilit 1 u i ri I c
acousti %O&OEO%QE%O%S %’glrt:%e?sj(c apab‘Ffe ?eﬁt ra%sc%ﬁﬁafnrﬁg%%%% astepg%laﬁ%gl cr»]rg
t r ansm assedatédowith pendltiésrfor Bevipingdems dre mﬂﬁyariﬁtnamodﬁlpl]n son’h@ bmbadiments,

i ncl ude_data representative .of. dependent variabple da

i bt UE SareHARHREG® datersiained SRIBERIP Tolvekonome UbEwaneTS inplhde the

out put seché&Bl MOAME cﬂ@clﬂcﬁﬁgbdﬁtsaweh glodgian Méereswrn] the kalva@dnbafl©em Meiuag the
used as dependent variable data or mani pul at ‘ed variable data. WO

2010/ 0 8%?9]3@‘?91%351@%@2 Agglyer module and the control module can be sub-modules of a
larger module, processor, or computing environment.

[0026] In general, in another aspect, the invention relates to a system for controlling a
manufacturing process. The system includes a data acquisition means for acquiring, from a
plurality of process tools, manipulated variable data representative of expected values of a set
of process parameters and for acquiring, from a plurality of sensors, dependent variable data
representative of values of a second set of process parameters observed by the plurality of
sensors. The system includes a process control means for determining operational parameters
of the plurality of process tools. The system also includes a multivariate control means to

determine, based on a multivariate statistical model, values for the manipulated variable data



[ 0040] The processing facility 115 is coupled to the processor 105 by
a data acquisition nodule 130. The data acquisition nodule 130

recei ves twe nut@sdzs 125 fromthe processing facility Il8&/ud2moa01m8s
enbodi ments, the data acquisition nodule 130 perforns buffering,

mul tipl exing.,.Signalin swi t ching,~routi.ng, . farmattin and ot her
Funct | ofePide 7o i Tpartis coptfol SRl ek Spiflfis Rt Rt RERAR sldfes
sui t abl éheceguydl natipulited vatigile das ahé deppndém valiftts dam dull @sovides tpidlicted
processorkjéO?. [ 0Q41] The system 100 t&Ieso i ncludes a controll er nodul e
135. ThEClor1s|amEstatisueal dnienmation da;the Brogess £opireinmeans basadaon at least the
acqui si tdceiRed@g@ul e 130, e.g., via conmmunication |inks 140. The
control l er nmodul e specifies mani pul ated variable data Xmv and

comuni (¥2&s t he IBpericramhedipantse gher aperationa) petasetarn deteratingd by the Psocesd

t he dat %@gg&gﬂstobg@i%g)?g&%?g?roggopokg%{ﬁwr ality of outputs 145. The

mani pul at vari a res Set poi nt val ues of particul ar
pr ocess [38Jpar ameioaresinfdergentatioasreshale ang  of ghes abidvewlescaibed agpeets Seataring

processin i me, and. of.hers) or instructions for particular process
tool s. q’ﬁ'gotigbega?o%? ’rﬂ]?(’éﬁ%lalﬂ}?éﬂfggﬁﬁsﬁﬁ??%‘es a multivariate nodel 150
and a p[oeaddict i on Thesiehndl bther TarurdsUbvill bafrodd fullf0d@krstbo@ bySreftsdde td fthe

conj unction,w th other ul es of the control]er dule 135 (e.g.,. a
sol ver fRYQHIng %%%Pt%wr%p %awsscj&héthﬁrﬁeﬂ sraiye 49 %éwawq@ 0 “Scale,

par anet Rlfouzh {HBNEdRAEAE e GRS BB R reith atithd rgetd etodg Sthiripd B ingahiesss,Of
dependent variable data (e.g., data within an acceptabl e know edge
space f patigulaslypd pernisendyeto aeeviiqaher biotreknjedl maphEactyriag ipEQcesn itiwside |
155 is j | war | i SLi . : ia

val ues (bbb 26 SAL e Ml bl M offos IR b e 50U el ABEIHBEAS 0°
nmodul e &@8ipld, a@4luigie apdntiniog lapplicptiase §sasial dath apalysis applichiionst tweother

processing facility.115 can b itored or.controlled by the
b1 ocessBeRy mybiing gt MarPel ot dpt B St SRRt 1 of | er modul e
135 nonitors and cont BRIEF DESGRIPIEON OF THE DRAWINGS by conpari ng
t he idegl  val ues of ni pul at.ed, var,i.abl e data wjth the val ues used by
or ocessiTT: ool s WP TGEoPEEAAather objects deasires ARt Adwantages, Will o) PP
and by gORPAS ifBIGviE Fhort HakRE120 (dedPPEAHH 0 ihe/ Bhbdinents ANk dled 1 the
val ues neasur e_dgbrf?/ sensors. The actual values of the processing

g

par amet &cempanyhgirewiaghinolish likyrefeencr icharactars refprto thensamnednarty fretighpdr
communi > i ! . .

out put s&l%glgﬂir%lgﬁ%gf“rﬁgé gi/st e%ai%%dtgl?%o [ #&:\%us %%lg éaﬂibrl%%%%}ngﬂe%géxhé%lg@d
menory Us0 idestrates the prndiples off tbe embadpems. st ori ng previ ousl y- gener at ed
mul ti vagj.ai.e nod 50’ df.or_previousl y-gener.ated predpction,.
model < WBEH®, 0TS RS o FEY b Ml FineB 51 g sh Rfion.

[ 0044] FloG32]2 i s &6 acis abkgk alagrdnh Ulistrating gn ambediiedt 62 at copfrober that

control]er 200 that.inclydes a multivariate nodel 205. The controller
200 al seiodesamwivaialemedsl npdul e 210 and a dependent variabl e XD

nmodel  2{933) FIG. 3 is a block diagram illustrating another embodiment of a controller that

includes a multivariate model.

[0034] . FIG. 4 is a flow chart illustrating a method for implementing operating
parameters for a manufacturing process.

[0035] FIG. 5 is a flow chart illustrating a method for determining operating
parameters for a manufacturing process and for determining a predicted value of dependent
variable data.

[0036} FIG. 6 is a flow chart illustrating a method for determining and implementing

operational parameters for a manufacturing process.



[ 0045] The mul tivari ate nodel 205 receives as input dependent vari able
data 220 froma plurality of sensors (not shown). The dependent

vari abl e deoo2Z@sean be expanded by predict ed dependengcwvesziahbsise
val ues 225 provided fromthe dependent variable nodel 215. The

mul tivarjaie nod 205 al so recei ves neasured val ues of mani Qul at ed
vari abl D035 o ZSS%IGT&éSﬁ’E:Fﬁ 9 454 IHSEEre (9bapesiiige cantipipblo be applicd
mani pul gf §finias d @Rhendabfcdr? from the sol ver nodul e 210. [0046] The
mul tivari ate nodel 205 receives neasured 22(1)%) and predicted (225)

val ues for the dependent vamEBARLIGRDES Nas neasured (230) and

redi ct . g., f RO val ' t
\F/)ari abl gﬁ’aéafag BafgigidQgﬂﬁpﬁcﬁe&r%@{?&e}égﬁ%ﬁiﬁqjﬁ@ %{u{i %S{EP %Bg%yg&uni) e@qzaOS
provi desser iftenfaratliion ThéQserointenfaces bl Ovean inclddd @ cahputeTheybbarflommese other

240 can,incl.ud e.Jg. core. one. ofr. re | tivariate

tat ot psle ipgtiess. A nfledliBeCpBNEe< Nhich il ¥ aliée RO Bliehans or o
(1(pr gdgsey 1h eorineslicatt edihyihe lpgbcessor €05 ﬁ‘lﬁﬁsﬂ(ﬁars]éi toTtinauli fromt the pfoeesseas élosI
provided in statjstjical process control, without a nultjivariate e
(e.g., faie "BISE"(EFFfEtVé]Ge%‘{bé FensEeigtee E%ﬁpssremt?é‘é%edl | "tf_h‘fdﬁ@i ﬁiy such asa
CONMPONE R nyAGHYHitSr. OThe b s lbfﬁ_%bullﬂgcl‘ﬁ‘)raeﬁo@e%éiﬁ%’fa%ﬂ s, THIQreRGiY
more nultivariate stati'stics can include a Hotelling T2 value or a
DMVbdX vEacikisy 115 perforns pangfpetugrgorgirogessing ereratiopsr Forrexamplss indhg coatexiof
i ncl ude ' ﬂ’%jfr L&t en.: alcl 3

anal ysi tshgg é%?g?&{g{oﬁzét Ial’ T‘ﬂeeg@ %{ésgl%%gérlgls[t?% glgcr)rrgt%i ﬂrgréés?gsg%glp e‘é&@?%?ggﬁf%"n
to | at eh20 sid oetputses prosessece waler 120y dbabvafat 12haad prasessed) wafer ali20hars

statisti,cs di scussed,here. |n sonme _enbodi nents he inf.ormati 24
L LaetfiSrdE S Bl 6% Rt RSBt obteRy of P hetel e Pk
rrﬁdul eI Prbless Tg.g.l, wglti%mad[sdggzae]g_&rmﬂamfli diSbleritin g)bﬂ‘ﬁgﬂe ugig gﬁéd’e@éiﬁg st]:ap,Oor
tesov,er ul e .. e multi yarl ate node can erro
for exahigieeh oéoasqcf'e@qnm@nﬁﬁe e OB UG HCEL OBRESES, o he At ORE BRtibnL

r ecei veghndadiadd o B pfockesnbl showh PR, f60RRPRY tsarihg, P fidalibn,| RpSsiting
squares analysis to determne a T2 or DwvbdX val ue, respectively. A T2

val ue camteral, caixing masatialic ebriiemigalso disselving| matRrinly eqghemiss, rempoving
| f - Pays-j.(:X- Pa).a-- . LAk | - ' 1
ay&aéegais, sg% %agpgag,gﬁqgﬁ ggﬁ@@gﬂ%&n&@ﬁmmgé %ﬁgg@@@wc%k@rfmw

variabl e, base revious batc
115.
[0039] In some embodiments, the tools or processes include multiple stations or units

within the facility 115. These functions can be associated with a plurality of physical
parameters, for example, gas pressure, gas flow rate, temperature, time, and/or plasma or
chemicals or biochemical concentrations, among many others. In some embodiments, the
parameter is the yield loss of the particular wafer 120 that occurs after processing. The
physical parameters can be monitored and manipulated to produce a plurality of outputs 125
containing data about the variables (e.g., the physical parameters and/or tool operating
conditions) in the processing facility 115. The outputs 125 can be electrical, optical,
magnetic, acoustic, or other signals capable of transmitting the data or being transmitted to or
within the processor 105. The outputs 125 can include data representative of dependent
variable data Xp, manipulated variable data Xy, or both. In some embodiments, the outputs
125 provide raw data that can be manipulated before being used as dependent variable data or

manipulated variable data.
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12 , neasured value of variables, for k variables, /12 , nmean val ue
of variabl es based on previous batches, for k variables, S-1=an

I nver se cowarjogmgss7eor correlation matri x, which i s the pavensm/oafisé he
covariance or correlation matrix, 5, illustrated below 7,2 ot

12s-S. - ﬁfbﬁﬂ]* (72 The processing facility 115 is coupled to the processor 105 by a data
acquisition module 130. The data acquisition module 130 receives the outputs 125 from the
processing facility 115. In some embodiments, the data acquisition module 130 performs
buffering, multiplexing, signaling, switching, routing, formaiting, and other functions on the
data to put the data in a format or condition for suitable communication or retransmission to
other modules of the processor 105.
[0041] The system 100 also includes a controller module 135. The controller module
135 receives data from the data acquisition module 130, e.g., via communication links 140.
The controller module specifies manipulated variable data Xnv and communicates the
specified values to the processing facility 115 and the data acquisition module 130 via a
plurality of outputs 145. The manipulated variable data can represent setpoint values of
particular processing parameters (e.g., temperature, gas flow rate, pressure, processing time,
and others) or instructions for particular process tools. The controller module 135 includes a
multivariate model 150 and a prediction model 155. The multivariate model 150 is used, in
conjunction with other modules of the controller module 135 (e.g., a solver module (not
shown)), to determine values of operating parameters or manipulated variables that produce
desirables values of dependent variable data (e.g., data within an acceptable knowledge space
for the particular manufacturing process). The prediction model 155 is used to predict
multivariate statistics, scores, and variable values for use in conjunction with other modules
of the controller module 135.
[0042] The particular processes that occur within the processing facility 115 can be
monitored or controlled by the processor 105 via the controller module 135. The controller
module 135 monitors and controls the processing facility 115 by comparing the ideal values
of manipulated variable data with the values used by processing tools within the facility 115
or the facility 115 itself and by comparing ideal values of dependent variable data with the
values measured by sensors. The actual values of the processing parameters within the
processing facility 115 are measured by and/or communicated to the data acquisition module
130 by the plurality of outputs 125.
[0043] The system 100 also includes a memory 160. The memory 160 can be used
for, for example, storing previously-generated multivariate models 150” and/or previously-

generated prediction models 155" for later use.
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223 y32 3 7 3* grk2 where: kf Syl E 2,v - .77)(x -, where indices i
and j identify the matrix N-1 1=1 1=1 element for both S and x in a
generalized k x 71 matrix. [0048]1n the nultivariate nodeling exanple
above, the xYQ2MPEHFEs in the above equations usual |y af@/EBeHI621486
vectors of a principal conmponents or partial |east squares nodel

usual |y wotdd]nean FHF.\eB a(tdébk didpyah IRGatBE On clRBE@EMER of RRSRcHELID that
t he trices S and S-1 are diagonal with the

h |, :
vectors afr ng rs;[a 2 tg\gl%ﬁq;énqdﬁ s d h¢ sentrglier 290 also inghude rEAdule 2iraad

vari ances™ |
vect or asa dbpagiendkrifIERE Rioel 215.

[0045] The multivariate model 205 receives as input dependent variable data 220

from a plurality of sensors (not shown). The dependent variable data 220 can be expanded by
predicted dependent variable values 225 provided from the dependent variable model 215.

The multivariate model 205 also receives measured values of manipulated variable data 230.

The multivariate model 205 also receives manipulated variable data 235 from the solver
module 210.

[0046] The multivariate model 205 receives measured (220) and predicted (225)

values for the dependent variable data as well as measured (230) and predicted (e.g., setpoint

values) (235) values for the manipulated vatiable data, Based on the received data, the

multivariate model 205 provides information 240 to the solver module 210. The information

240 can include, e.g., a score and one or more multivariate statistics. For example, the score

can be a predicted yield score (Yyreq). The predicted yield score Yyq is similar to the scores

provided in statistical process control without a multivariate model (e.g., the predicted yield

score can be based on a principal component analysis or partial least squares calculation).

The one or more multivariate statistics can include a Hotelling T2 value or a DModX value.

Similarly, the one or more multivariate statistics can include a residual standard deviation

value, a principal component analysis score, a partial least squares (sometimes called

projection to latent structures) score, or any combination of the multivariate statistics

discussed here. In some embodiments, the information 240 includes provides more than one

multivariate statistic to the solver module 210. The multivariate statistics can provide

constraints to the solver module 210,

[0047] The multivariate model 205 can perform, for example, a Hotelling calculation
or a DModX calculation on the received data by means of a principal components or partial
least squares analysis to determine a T> or DModX value, respectively. A T value can be

calculated according to the following equation:
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[ 0049] A t-score val ue can be thought of as a projection onto a line
(e.g., a principal conponents or partial |east squares nodel axis) in
a k-di nensi t hat provides an acceptabl e approxinati on_ of
the data (e.qg&,gmgﬁ D?ﬁe that provi des an acceptabl e Ieas%% 410021485
fit). A second t-score can be used (e.g., a projection onto a line
orthogonagzt_gz?t—htezJ ;"F.rlﬁt—kxi,fe) in sone enbodi nents. In general, a T2
val ue is C Iccyfz;t' oh @f 1he weighted distance of . manufacturing
process vgkdr@bl es for an output (e.g., the wafer 120') of the

manuf act ugi ng pr oc j o . r ced, under. nar nmal
process o&per ation gtraﬁcg‘gg%ﬁﬁ%%ﬁggrrg&’ia@tcglg; {;/’agi% %Ig’sb%geﬁ “ éiﬁéér?a‘éur’i’tegg%{ri abl e
dat a and/meviensbieishésat ed vari abl e data. One way to understand the
meani ng of the T2 yaldue is to consider it in ternms of a geonetric
description. A norp&l| manufacturing process is a cluster of data
points in an k-di neRsj onal space, where k is the nunber of neasured
manuf acturing process| vari ables. The pertinent space can al so be the
reduced di mensi onalitly space of the scores. Hotelling's T2 value is
the squared dist anch Jof gy RiOUE Bk hIENKI S, AERLET Of this ol uster
of data points weighted relative to the variation dutput of the in
the normal processjgbpdition. The variation is often illustrated as a
hyper-el li pse that nds the cluster of data points. In general,

Hot el | i ng-type cal(dUljati ons can be used to, for exanple, determnine
whet her a particulfar fpoint is an outlier (e.g., outside the
hyper-ellipse) witlhujrlespect to the remainder of the data set. Mre
speci fi cabl y, “a Hot el| i Aepncalugof variables basad prepravios hatchee farrkmiariebles,
whet her g _particul ar_ nmeasured paraneter is outside an alarmlimt or
out si de ?he know BdRYCER L EHaReE o &Pa¢l pomaentxs whidds the irveise af theodel
for the phaEaRs oPaAERbLELSHRCENTu@RRALYRY. 100501Anot her exanpl e of a
mul tivariate stati ;i%,—is—a DVbdX5cal cul'ation or residual standard
devi ati on cal cul atflon12A ‘iDIVbd'X Talicul ation involves calculating the
di stance of a particulSdr Yata. p®int froma location in an

k-di nensi onal spage that Fepresgnts a preferred location (e.g., a

| ocation associated with an idedl |batch). The DMbdX val ue is

cal cul at ed usi ng princi pal "conponents or partial |east squares

anal ysi s that maps the k-di nensbpnal variable to a | ower order (e.g.,
| ess thah order k) dimensional variabl e (e.g., a score space).

Mat hematyuead: | y, the DvbdX val ue is the orthogonal conponent (or
residual) resulting fromthe principal conponents or partial |east

lysis. A L be indj.cati .Of . ._of
TR v s s e A R S

(e.g., data points) in the mathematical nodel. [0051] The sol ver
nodul e 2leat fopbetk§end et ograeatizedriad » mbjrisct i ve val ues 245

represengiqgg the rhahoeudariae! Moihhe \Coldife AhovdUale! )E-%:i&%it:gliﬁq ’thegaogg SS
variable or’ multivariate limt or t%rgets. e sol ver nodul'e tt?
based onqadens usgdlyase seord vectnrs pba pdudipak nempspentaoi partid] ol sodresmodel

{0, provigaty STSHRAReY DiefenPloe 45 BERRH Fof S Sl Srluciinal >
det er m RROmAREsH LAt €8 adadihaRhesith YR $4Einces Qndafegqe@ﬁv%o’ﬁn@é}sé gagié&cegﬁgt gﬁ

mul tivariate nodel 205 (e.g., manipul ated variabl e val ues
i nput 25%hicgmponsnifepre aeter asviacred Elsmetlel  215. | n some embodi nents,

t he nani ted vari val r e - oj ft I of .the
mani pul L@ggﬁvari a f%acgp %}ue?ﬁ]ggﬁglﬁﬁ%ég? gsh rgl%‘%‘%@@sa lﬂ?ﬁ '%égﬁﬁaﬁl?afler
f rom t heommmsuis edparéaiileast sgueds wedeladxis® inva kidésen2idal (spacg. that tphevides @s ent

\ég: \ljg r 0%%%&?%@ 2%8%%1?‘%%? ?%tﬁ%h%g léﬁ}e%%é *xﬁe? t?xth rgxgd%()ag%cgegpa%ﬁei IQ%P tsqsu’areg he
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mani pul at ed vari abl e values that satisfy some controller objective.
The sol ver nodule 210 is constrained in this search by the

i nformation | tivariate nodel 205 provides and

mul tivari at e"gﬁ%?%w&4§;pressed in the operational obj ectT@V&%o@é’és“
245. In sonme enbodi nents, a user specifies additional constraints on
t he sol vefDnpdaradzseore eangbe used{ergy aHveicet®@roniorkt lerefoathegahdlo afie FikiGinell) .

0053] Th I l 5 ovi.des edl d value
125 of | dencaneiBllintl) Wt 7T fan R AlARKGT S BE Seieblsgaisrg ST

dependent memafachising prodes vagizBles fom ap ootputie.goribdivatee t207pb s nefufacturing

dependent dat 0.2 Lar 0 .. For exanpl e,

predi ct ed" g('aﬁ%%gg%:tg’r? eg%n RUE PR 5°?9af“ff%r d‘f’xﬁ’ﬂidgﬁ?eéﬁ 08%"5‘(5‘?%8’?1?3333‘1 on
vari abl espredieted Vahm ocﬁﬂemdem&m@& dat:ograkr eiaipfated SREIWKE Mta, VORE FBY B
val ues oveﬁet%rréa g‘?fﬁ &g El‘@d val ues n be an avyerage val ue or
traj ect orVOprgs @8 £ BWdh V"i'}gﬁ”ﬁéo%‘E’S’aerltﬂ%)nsoféémqt‘ﬁ“%ﬁﬁ’mn
enbodi mnemt Slpm‘ikﬂ pmaamrmgrpwa&sexs datlasté & dutd Poiekiietn Of.dioRALAM pLH

vari abl e h thgfﬁ 0:fhe val ue of a particul ar dependent vart abl e
functi oné’l’ ﬁa%m FREeSiaFd rEasrach RS Grocais varishieh pUiteaieetipent space

vari abl ES:alﬁ @lsg b,e tHDredud dd At Asionk S sfphl:féc&f‘ tﬁé‘%orésa I"I‘&tblﬂﬂg""?'”lp n@@ dp fhe

known or enpirically inferred, determ ned nodel ed I nments

in which Sﬂl@ﬁ%@étﬁlece\&m RSV eutat fom tee qeniee of tmaclngterr@ chtaexebmt@ wefghted

rani pul atggiwaei b &idsh %utphh@f e rhtl e ﬁoﬁﬁ’taléggcegéa‘@ afiation is
iterative solution to variations fromt ecte pen n‘f variabl e

val ues, WwHer dbyptrated |ap aclypetellipsr batebwmnils th@sdcbtttroafasﬂijtajgmmsal Tnegenefal,t he
oper at i NGIRAKAHHE L AaRAS Al Quﬂdttg E xR P te}}men% Y :g'llaag%t Sattidilar

nore cl osely approxi mate the eS| red’ val ues o‘f
vari abl egoinf G@B@Pﬂme(e@mursmel the hpBOelipe) With at¢spect noidie ﬁ'ermlﬁdeﬁﬂfthfa dithe

ot basid olfort, Sptslncify & P HERds b i vl lobde sty Yhphera®
dependenPa‘U ?rd’&qaé‘ge%i’arf}ﬁ%‘?f iy apigids ap 2@01)1 hmlf q@roetsrdnthevla:bwmlgé A3b9, aof
the mani giadratied byamAneScal L‘r%@lﬁfbp-mg p{)o%gsgkﬂgl%%&e%fbemd f ! C%t lons to

t he mani pul ated vari abl es can depen 17& COFRE type of
control or the type of processing (e.g., batch-type or continuous-

type). Faosogxanpl Enotﬁ@re)@b@%l’ yahi@iltiva14e] steesAt riela Dgwolaxﬁl 55]019&%&319('%"393
e g., n ste N a processi n reC|pe t he contro er

200 can r?séFh’iﬂfF‘?%f{"’Eie 3 I%Pwaf)cyfﬂ%l%qﬁ‘eW% FHALQP TREpIyes calspiating figg

par anmet istantE€p LsRiuee d pb {;ﬁmeﬁam 1pekiah RfbnvadinRidichal@ase thet ARLRLAI N

observati on- Ievel scores ., t scores) and_ to maintain the val ue

of DNbdR Prefered logation (&g étef@sqswa?&a’e@ woredl bityh). Ade Ddedhvales/is|
control cgtulbred ﬁBn?ﬁ%ﬁﬁ&ﬁﬁ%Oﬁﬁoﬁbms &%ﬁfa‘? hea&fsqﬁgi‘@s a&'zlltygi's'tt? a? s ateh

process), the con can facilitate relatively
adj ust mdpeesiopal vadablgleralowatorder (e tlese than Drrer kb«hmensa@t}ausmbh:t(s gcan be

coor di ngtedsaged AL COE BN %hﬁ)&@%to%a%er Cobp Hﬁe?at?& r.!:s?cﬂmf)he

nanufacturlng Process to na|nta|n or optimze Sco
mul t i vardsaltiog &ont the piincipal eorgponeip penbm:dd@smpar@anabm/ erMKX)alueas

wel | as .degl aRl8v 8t HGSudt otNafled (OF. U NGk diinte) S8 ont ' BRL &S
variables (e.g., data points) in the mathematical model.
[0051] The solver module 210 also receives operational objective values 245
representing the target or sefpoint value of quality, yield, process variable or multivariate
limit or targets. The solver module 210, based on the received information 240 and
operational objective values 245, determines values of the manipulated variable values 250 to

provide to a plurality of process tools (not shown). The determined manipulated variables
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[0057]FIG 3 is a block diagramillustrati ng anot her enbodi ment of a
controller 300 that incorporates a nultivariate nodel 305. The

control | er wéPfdissiwdes a control nodul e 310. The cont rgdr/i09ilB1484 0
includes the multivariate nodel 305 and a control sub-nodul e 315. The

control sub modul e 315 i ncl udes a, sol ver nmodul e 320 and a score nodel
325. Th¥auemPare aso apippktodhe mylivarate mogel 205 {72 o mapipulatediariable apluesno
of FIG 2 OB eI r 0 ETetaTal> n
t he nul tlgsvaalrnlﬂae}t%eﬁssn%de ?Og%?gﬁ%ng%ﬁﬁagl% rggdeggé?:’o(in%ﬁg i 0058 Tftllgé

mul t i varieaipelaied yetiatdoBalpes @S0 mesmrsﬁtpginav@@bswétheamrepukaedmslasteg1orrrﬂmn

a plura Q t

val uos Jgbt iR BEEES HARAR SAT s MY BIRAIERANIRE I Bl 200
recei ve(. giahaprendme\fﬂué of thermanipelated detiatddh cal cuI ates and provi des
|nforrra 340 to the solver dul e 320. Th rrratlon 340 ¢

i ncl ude! d"?@r exarpl Mm% etmbé?gﬁ’?eél thi ‘E?Fc’flg %11 PHPIRSs & SR " for

predi ct ﬂﬁm}ﬁhl&ied vmaémesalﬁ@rthmamﬁ aﬁn@ébntrmér o%@maé €ThePoPRE hioahle beast
ca

squar es culation. The information_340 can_Include a Ere dicted

score veMmsEaineinhis ssarghbycthe ormatien 24bthe mplfivagae padelaiurevidssand theo
[ ecel Vesmuflivagh Rl Rrelal 8o \éﬁérbk‘?onfapébr]éfdtﬁ!e Jaiflal 245399 soh 0 OB EERY,
on the received data (340, ver | e 320 cal cul ates
mani pul anesy smrﬂeabd@tlml g@gtrslets onTh@sqi‘eﬂrmdaleeQdOrfam peingthersaranteridee
val ues §f50 rovi ded to the score nodel 325 and a plurality of
process 00l s ot shown). In calculating the mani pul ated vari abl e
val ues, [(105:&] soI v éfhemixpehdenB 2Qrighde DGy odel 2ERpedvides predictpd | vatuesl 225 of

vari abl ues t t,satisfy cont rol bject.ive., The ntr

obj et i S arioblian o e melirle et oS TRE Skaraery Yausily piogel 21
sonme errmobraﬁﬂ'é pnedictea Rk bphélﬁﬁdeabmfdblev@ta i AvaietdsBivhys. mwtek@hﬁler
obj ective. O her obj ectl ve functions wll be apparent to those of

skill. Phoosdjctwlevalusaian bgan ayeragesvalug) of megsued depgndsnbyaitables gy dding @rgn
score V@Je _ﬁ?%ﬁ)%] 8P defeRfient &%ﬁ%ﬁ@valﬁb%%velaﬂﬁle Pr1%:E SRddi B AiksAlal be an
varlable | ues e score nodel 325 also produces predicted score
val ues M%dvmlne ofmajecemamblsepmf:allwmcesaluﬂ@tadﬂéﬁores resulting from
adj ust e ni pul at ed variabl e val ues the .sco nod

can' T nci0afB"an dh Sk b BnEnl Yo FRien P 0l e iR L Bl
fSC%( es pakbe dan Sﬁbﬁﬂgﬁﬂld \mllum dopdrﬁdh lﬂ%‘ depéridai! rivble lfﬁﬁ:tlbﬁdliy dépends on
it AXnvi asvve as the rel ationshi et ween sgore

pr edi ct Btl $8F (P& SMPRppgRiPYl a‘F’fit‘FaPablE’f k284 ﬁé oﬂ%ﬁwﬁi el %?Gcﬁn%’roﬂal
FIG 2 relaﬁ@nﬁﬂf'&ﬁcﬂel l@l'bwﬁQ)Q eRbRhIERITRA! BlidRlRd, ¥ahbaM® Mahib8diments
(e.g., setpoint values for operating araneters of the manufacturing

processin whickadepemgeat quyblﬁfdaﬁaram:@@@ﬂ rlatest to sheppanipdated purisblesiian the
[0061] Qnﬁolié 2‘05 c% rl%%‘fn&ﬂ%ﬁge%%@e :kséll.lﬁ'ﬁ{[ lroq}ah& ?ﬁgﬁuﬁg%x%e%{ed depelnlgi'ent
i mpl emrent’1 ng parameters tor a manufacturin
met hod m;abket\eﬁhesnwhd:rebsf laoadose frdaratp pkﬁ@essamum ﬁonqmijmrahlesj obyhe 6pm~atmg
exarrpl e contr.ol l.er. 0 of. F t he con I | er 30

R SHEiReIE RO R GRS Ar RIPES aoH e ore o Bearplax sty fie gesird
pI ur al i vaedfof gRspdndentsatables. t he manufacturing process. The dependent
vari abl e data can_be associated with batch-tﬂﬁe processes or

cont i nufd3t ype s coatzlier 290 fagilifies epglificeion o the pregent xalnes L e5) s fufure
(Xmv) i GalheRqeb0) e mdi O;Qﬂate@vmsre Ja&pFas@d Bh Whebdst ¥ ads @Q@cg@g %ﬁp{raﬁues

froma prediction no 0062] Fromt e recei

mul t i vat22a) ef dependentt vatigblas or phst ¥alusisi(23) (os pregerd valnes @A6) pitbel imgpipulated
vari ablg \éﬁf yes (Ypred) can be determned (step 416). In sone
enbodi ant ‘the multivariate statistics are calculated by a

mul ti va[uoaﬁ]e rmddlhe feqaenly ed mfdﬁaaﬁhnssﬁ)ethe stahipalatedctavidisles cav épend on,
Hot el | i T2 vaI D(Iz\)%bm X vaI resi dual, tand% gladew ation

val ues, %Frmﬁ‘l e&’ﬁ*?p RoArel Qe Fé)gpe APIPFESHNG £8 PUGTRIPE O SOBiQUS-

type). For example, for observation-level control of batch processes (e.g., control of each
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[ 0063] At step 420, a set of operating paraneters are determned. In
sone enbodi nents, the set of operating paraneters are represented by

a set of nwpizpuw@sesd variable data to be supplied to a ggdtaisbioioyr4ed
process tools. The mani pul ated vari abl e data can be setpoint or

target val ues of mani pul ablje or controll abl e variables. In sone
enbodi R A PRESSTAR Fosie atieapizplierpion cam fasitlass rlastvety fecueat adRSiment foe
set poi NtheObpdr@ e patdictés rBireddBial Pby ok emanipsiafRlif ¢irlaBRl Qatdatd akMifGin
(e.g., to recalibrate or encourage the dependent variables to

conver gebssryatiesievelbp@resalu@s ). soareskend e ygiain i the YalucambtldvledX e(eg.,
mani pul gl &l MRS b né%%ceaé g’m?g g%rﬂgf%ﬁ?e‘%i E oﬂgpgatc#a?g?egﬁgg. ) &Btrol of

paraneters are | nte , for exa ni cati ng
t he newthsetipui ofta atcht proepes), tha bordoilen2G0en fcilitaik r¢lgtively fewecatstihad ©.

The progess tools can be.qutomati.cally. or nual L j usi ed based. on
{he Get P aprals BriBRery AT iBlmen e M Biomar st f erRBdidiniy
a met hot fugd?tﬁﬁﬁlamnﬁmbmum@eﬂl_ atmﬂgf@aﬁi?quiems fc?maaltm(rjwfo@ﬁmm:.rei dtg:alb in
process and for determnjn pr.edi cte ue  of dependent variabl e
dat a. TFF@_“’ISI%W‘%‘&F‘PteSSé@SP%C(%@d red {SEQTES: 3%4% 9@%8&2){’ o Rl da bl
deni Ct edkiidl of DRI brahck By 0 OlribleGs 4. Speci T cal Iy, at step 404
dependent variable data XD is received froma plurality of sensors.

At stepl0888, manilth Adwedblpgk fiagtam insteetingronathercabeflipatl ofea gontroflen 398y
froma @hy{n%rgéﬁét&f e @9%13303! ’I'ﬁeoéﬂn@roﬁérebeCi?lbﬂ esCd cGftfol mhie
pre the de e

step 504, Icted values o pendent varl ab ata are
r ecei vedl(( elhg.confrolaneduladifeindedts thamubiypratp medelci05end amdatrgl suBawduleon

the recgjyv dependent vari.abl.e.data, ,receiyed ni.pul at ed vard e
data, et cohe SARE o e tOle TS i B P SN ek A e
st at i st ¢onsroll&t3ep iSd emplified deatien ot the tontrd)26 3P0TBEFI. 2dils k@de anbakimsnts,
values and th |tiyariate statistics.are used . to deternm ne

oper at i &'@ CBaﬁr‘gll?éng@bsa/%f Oh SOTSHAN %‘E t’ﬁ‘?lp}‘?élaffr 6’88%15?({55{%5"’%‘1%‘. valyes e
enbodi npReax, determ ni ng the operating paraneters involves

determ ni gs% val ues for the manipul ated vari abl es and/ or providing the

det er m W88lval ueLheandtiyriateanpds) 383 reseivernignipwlated vedahleyalaesetR0 fram g, |
by adj usit.i i V., f a1l :
Vor oover ey 3Gl RBIMhol BTl qepdifchl Wil VUL 39 ReaSpIbAR F
mul t i vasensire (ot shdvel)i Eesalr @ ths egteived datectherimitivaripte aidet 306 ceddulatesofnd

t he dependent. vari abl t siep. 5 ~ndhefl.ow chart, 500 . sents
an i terBprge i amadeh faf B PeiBhREmRait pafn dut SROGRIRD S D arn NI R
dependegdamphy b altare dad dreddictsh Htld pam2d) The predictededeldtvalnbe pandiddbasédion,

sone enpodi nents, the controlle 00 of. Fl 2 perftorns the steps, qf
Che f | ol CHATHE S0rgtoal pegpetes clsufabon The wiamADE GUooH intlts bRyl
et hod §cfe aRieS50 v e 38t FREISTEN Theshl AR Siclniec28 al B FERIRE & k&tpdifford
manuf acturi ng process. In step 604, a controller is configured. An

exanpl eteert yaleeoiRt yigld dgia Benf i guration is the type of objective
functi OL()OB'é]at IS B%Qédhﬁhztﬁ@' rec%ﬁfed %&g@ﬁ’ 3§56), e 1998 mBAfESRY calculates
e I ob] v type

det er m hes ‘whet her the controller ecti iS a quadratic-
cont r ol mhnipdated rvarikble t vadues ad60r oThe bjakolatedemasipuloted avariabld r wdlues - 36Ppare

ol ect OV ERLD BESRR nifathos BRAR oA BT Fropt B o el oot i
sel ect efhe ahaniuileddOdiablehealips Othe S8lvier A6l 320 Pesfofis B kBarcBf &lanipulated

illustrates a quadratic-type contral function tqQ optimze. Th
obj ect i Vasiaplg eltes Hat Jatisfyha confrailer phietiyes ride rCQEté‘?llPéérLH%tﬂ‘&, Cap fjgelude, for

constr akRkple, AOSuBRRSAddYorRhAIGSs. st TEMBIHMAEHITRAL SontRiblet Bbjéd IGJQ ik e

bt
guadratic-type objective function involves mninmzing J over the
val ue ofuadratic periofar eljedtive.aPthsbolgetie funghious will be apparent to those of skill.

[0060] The score model 325 calculates and produces predicted score values based on,

for example, past and present manipulated variable values. The score model 325 also
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WO 2010/ 085479PCT/ US2010/ 021486 by a partial |east squares nodel
or other suitable nodel based on XW, XD, and XK. XK represents the

known pastworzopwossent val ues of Ysp, Ypred, XW, and XD@Emnek204%021486
represents future val ues of the rrani pul ated vari ables for control.

For exa red = f 1% where |sam)delln functi on;
ey, 6bmo8 duf@ﬁ? edigirg Sao'é(vxf(uﬁ%ﬁam | APELe, %v © ST SOPISH N Bhtla#r
an anouRdjuséd depahte®Radidbld NiuddB Fbpéadaaq I%dth\é%édr@?rlcﬂgl dah @Iml@de%g héd%dnt
traj ectory t hat |s sub ect to the pena ty wei ght . An exarH)Ie of

Env is foxribe rokplignship thangRRvY §e0Te baspe om\ﬂbaveeg padeanimgated ¥ariable

L T e i e

scor es, vilpest (8teq &r ﬂt)$.u bLéet tht ccontrellgpe2tdl bF F&G. 2, the controller 300 provides
manipulated variable values (e.g., setpoint values for operating parameters of the
manufacturing process) to a plurality of process tools for subsequent processing.
[0061] FIG. 4 is a flow chart 400 illustrating a method for implementing operating
parameters for a manufacturing process. The method depicted in the flow chart 400 can be
implemented by, for example, the controller 200 of FIG. 2 or the controller 300 of FIG. 3. In
step 404, dependent variable data (Xp) is received from a plurality of sensors used in the
manufacturing process. The dependent variable data can be associated with batch-type
processes or continuous-type processes. In step 408, manipulated variable data (Xmv) is
received, e.g., either from a plurality of process tools from a prediction model, or both,
[0062] From the received data, multivariate statistics are determined (step 412), and
predicted variable values (¥,.z) can be determined (step 416). In some embodiments, the
multivariate statistics are calculated by a multivariate model. Examples of such statistics
include scores, Hotelling T2 values, DModX values, residual standard deviation values,
principal components scores, partial least squares scores, some combination of these, or all of
these statistics. In some embodiments, the statistics are constrained by, for example, user-
specified constraints, tolerance levels, or threshold values. The predicted variable values can
be determined (step 416) based on past, present, and future values of manipulated variables
and past and present values of dependent variables. In some embodiments, the predicted
variable values are based on predicted future values of dependent variables.
[0063] At step 420, a set of operating parameters are determined. In some
embodiments, the set of operating parameters are represented by a set of manipulated variable
data to be supplied to a plurality of process tools. The manipulated variable data can be
setpoint or target values of manipulable or controllable variables. In some embodiments, the
manipulated variable data can be adjustments to the setpoint or target values of manipulable
or controliable variables (e.g., to recalibrate or encourage the dependent variables to converge
on desirable values). After the operating parameters (e.g., manipulated variables) are

determined (step 420), the operating parameters are implemented (step 424) by, for example,
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As di scussed above, T2 represents a distance of a nultivariate system
fromits center point in the nodel hyperplane. The T2 val ues are
based on awbwoaiiseme (fm derived froma principal conpamans:enakisé s
or partial |east squares nodel and can be represent ed as T2 =
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r epr esevarigblerdatay aThectlaw chareS00 lhc]sd‘tsrseeps e andaﬂ@ﬂeef Tbﬁ n)équdebP!et;é ri the

future den £O t,e
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to default constraints. An exanple of a default, constrajint on

mani pul Beded)- vBased Bp dhereevak depehistinvasiablgate tectifesypRiphiated variable data,
i mpl e”eéﬂdattﬂeogﬁd?:%dn%néb‘?@ Wt (@ésﬂ 508) LRE RAAGdYe WBkighsS (sqa"gsg y9s gd
above. For ex he user objective 1s to maintain system
or proc@%@mquhl n the space of the multivariate nodel (e.g., for

des! on ARG CONUTiRl begt] ELACCAAL JATRE oGS0 N 80°0h b

Y vari a cause varl ab €s W calcu
such a mﬁunet h:perp&mlﬁayan@temaof e smhufacruﬁng [;ﬁﬁhéis] Thtep vall6lies Tiorsome
functi on res%rtlt ati.on of Env he det er m.ne

Lotor u abodREs SRy i opiing pRynds vy TP s o e

sum of  gmemiphiledd GhsdbMICRY/ ok peIVidng e FeterBined Ralesse! pluBABCHf précess tools
I mpl ement ations are djscussed below, but it will be apparent to those

of skl {0 ipplement Hes-»i impRdivetingatheosipoint evakes ithe spIBTeELY EfnpProcestytpRay)-

V‘i@l%fe%v%%réd?ct&i %?i%l@ Rral%@soa[n‘a%ﬁ‘é‘éﬂeﬂﬂ nfd?@ﬂﬂﬁﬁ«aﬂ&te daNitRE RNSed 0
observed val ues of XW fromthe particul ar processing recipe; ET2

El max ( (ddrmingoh predicted)ajue; ofithe deperidint varableegnate ttam &2 Wby ehiagi 0 of
T2 thre hx%Pr%[L»&tsaBn Reda ti%é‘ ﬁa?oc? |t @mhﬁ‘ thd B&eAAdT2aiERR RRR S thY HepGRedt!

T2 at ure
variable data from step 520 is prov1ded at step 504. In some embodiments, the controller 200

of FIG. 2 performs the steps of the flow chart 500.

[0066] FIG. 6 is a flow chart 600 illustrating a method for determining and
implementing operational parameters for a manufacturing process. In step 604, a confroller is
configured. An example of a controller configuration is the type of objective function that is
optimized. For example, at step 608 a query determines whether the controller objective is a
quadratic-type control function. If the control objective is not a quadratic-type function, an
alternative or complementary function to optimize is selected (step 612).

[0067] If a quadratic-type control function is selected at step 608, the process
proceeds to step 616, which illustrates a quadratic-type control function to optimize. The
objective function, J, that associates the received data, the constraints, and penalty values. In
some embodiments, optimizing the quadratic-type objective function involves minimizing J

over the value of the manipulated variable data Xyy.

18



EDMbdA" El mAxOnodx" - Dnodx, ,,..), 02 ; where DMbdXh,rna" represents
maxi nrum val ues of DMbdX threshold at h future points in tinme and

DivbdXh r epwesenissial ues of DVMbdX at h future points i nedmi®o10/021486
[0072] At step 620, data are received. The data can include, for

exanpl e edi ct dependent varjabl e data,. neasured/received
dependemol?’é]ari ab?@“edjg’s)eéu( . ?@°W4T82’FQP%‘PGF%1Si ty of process tools),
nmeasur ed; 0 redj ct i pyl.at ed ri apl t &, i cted vari abl e
val ues, (}o_n%(g? nﬁr"’f %ﬁ’t”‘t ﬁ‘/’éljr‘ ita D@"d’éqiaé’f"i"gjtb fr?s’fgf?a*h@[fzijnbi nati on of
these dagg.types. The data can be used as an input for, for exanple,
a solver nodul e that determ nes mani pul ated vari abl e val ues t hat
sati sfi &sp a Tont ravletpeint obfaeget valee fof Q¥0HS8] vaties (d.@ngkldyr qudigy)ret hod

i nvol veg, retrievin e, or r nstraints (st 624 .g., .frama
rorory i s o JOBRARES Sy SN B ot uii e Yo tereiiied
user - spbeafgaath] lest §duares @nalel 8t Bthsr SiAbloemsiR 8ol c@ArXiilresheads,. Xk
val ues. In so nbodi nents, when_ a particular_ type of data are not

recei veff?reﬁﬂ’ésn&ﬁﬁ%?%ipﬁ%@ré’é‘%“%i valugs Oanyﬁﬂa Yok tSoovy g Ep 288 darvaepresrts
used. FRAuEXANRY & thd maRp@gied LESaUIRRENRRbI. YRE baRhfle, 0L 2=3 &Ny, Xp)

recei ved or used, constraints associated with predicted dependent
vari abl ehegfafaisameodglisgBmeidon; unavai | abl e, or not used, e.g., by the

sol ver. 10/ 085479P 486 [0074] Step 628 involves a
pr ocess%WB’;%”WZ?%@&%@S?%@%S@Q ontrol l er objective function.
Exanpl eByof =sui t alfuectivantlating @randdineof deviatibn incthe aagipalaged variables from a
quadratéé,-t e fun%i ons, .linear function or nonlinear fuynction_that
penal i z “ﬁ% piggipry faat ip spbieqt 1 fherResalit Welshiothart £ &xamplp ob Eaprdh &XMtrsr
bat ch px%,)?ssi ng, the control objective can vary, and as a result,

t he applicable objective function can also vary. For exanple, the
cont r ol Embjsett i vdhe dfnanunbef tht DMaibespetathat is subjdehol thelpenalty Ptai:ng an

obj ectiye during a batch aj.ector or throughout the batc
O et By ond it Sl ot BRI ire B S RIEH to bl Geniy iy

qual i tygy or ot herndEifidst (R sORSCCRS! 4t sRERSAL Phity @5 @ conbi nati on
of these objectives. |n sone enbodi nents, the particular constraints

and/ or pedistussedsibared” cepresghts eslistance phe thultiyatiste systama froindts aenter point in

constr aj d [ t.he .partkcuklar obj I\, .
[0075] AP bbb ARG AP Bt BB RLEBP UGl i o pripripy
par amet @mgpoatre adalysis o pextiah edsti sqpiresremtielcand stae e a3 psenfedr assRamit-€Xx,

t he opt}m zgtjo araneters can, result .in a set .of val ues or

ad] ust DS <Pbr IHRKRPERS BlvRrmSE dheBrlivagng PR, Soge dieopodel
adj ust nypeplac.e ThePMOdX aaRkes b Hasdl o1 alfidoiiod {frR5.QF&aed FRkba plil@pal
process tools are then manual ly or automaticall ){) updat ed or confirned
based ofPmRRBSHS G YEe T reFHabUsast sdrares madsl angjgan be represented as DModX =

foMoax(Xx, Xmv, Xp). The t values are based on a function (f;) derived from a principal
component analysis or partial least squares model and can be represented as t; = £;(Xx, Xmv,
Xp), where t; represents the value of the ith score. The values of Xp represent future values
of dependent variables and are based on an appropriate function (fxp) relating Xx and Xuv,
.2, Xp = fxp(Xx, Xmv). In some embodiments, fyp is a finite impulse response (FIR)
model. The function fyp can also be an auto-regressive moving average model (ARMA).
Other types of models of fxp will be apparent to those of skill.

[0069] In some embodiments, the objective function J is subject to default
constraints. An example of a default constraint on manipulated variable data are shown

below:
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[ 0076] The concepts described herein are applicable to both

conti nuous-type manufacturing processes and also to batch-type

manuf act ur wiogoprmesesses. Ceneral ly, for conti nuous-typedipibasbidgs Ng
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DVbd X,
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of | oca t poLt h
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IS be%le Iary user interface 700 for specifying constraints to be
appl i ed™ g@f’? M ze a controller objective. The user interface 700
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penal ties of the objective function. Each of the values of the
plurality of fields 724 can be a default value or a value specified
by a user wemigosyi7a the user interface 700). [0081] Forpepgsmiopziskhe
second area 720 i ncludes an aT field 728 displ ayi ng the val ue of ar
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area 720 includes an aPDvodX fjeld 732 displaying the val ue of aDnodx
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[ 0085] Met hod steps can be performed by one or nore progranmabl e
processors executing a conputer programto performfunctions of the
t echnol ogywiovzopypssd i Nng on i nput data and generati ng outqruis2oivietied
steps can al so be perforned by and apparatus can be inpl enent ed as,
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| nf Or MethioN @RS | RS a@utﬁﬁmsewﬁ@rm%ﬁfwirgg p&:&mé& eheddfiRI" RN example,
instructions and data include all forns non-vol atile nmenory,

i ncl udi $REtiBYoUERPCo MaBApTIvE SupRcESAdlRc Mot eeperplly iroypesels  ingialy or final
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conponetftiansAe %‘1"@%‘1 € R 1UPER LB OpTatineP AT QR Ehe SEYRM RDBIAFSY: may

advant agese)s! y b@q@rml@raﬁ%@ﬂprafy ARPYnteitdce €700 or Rp&ifyRigEonstrdt 4§l HB I
corrput ers corrput er servers, dat'a communi cations 1 nffastructure

equi prrearmﬂlgdj& op{EMigH sandtoflexnotpntitve-e dlheviser mi@tfm T8uinelndes @y area 704

tel eco S O,
ori vat Ok sRBehls LASh YRR BB TR st o Bbifhigt, "n spe
any of mgnmﬁsa ohjefcptfefm]num isoire mmgctlbeﬁmchmmédcxﬂlsddﬁjbvé)ymhmstpeang

o r SR DR el Tod e ol T B8 PR hsplos Y2, and s

[ 0088] Tamammwde Dﬂ{er cms&m@t(n@trshmybaa alds Bk usddhﬁp mgaamgpﬁrbﬂa&@lce
technl q%es can EB miﬂ‘{?ed on a conput er havi ng a devi ce,

lesRsey &’é%r 5 p@)seepnd atgs (30 identfymeacplarality @fpﬁ%l% 724 for’
moni tordlsglarmgﬂlvaaésaxsseaaeeaf@ﬁme! bhskSintsh suSﬁQ 6}9@' 6l G mxbaoihﬂalﬁ%fa

poi nting déevice .g., nouse or a track whi ch the“user” can
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by any formor nmediumof digital data conmunications, e.g., a
comuni cati ons networ k. Exanpl es of communi cations networks, also
referred twoasiedmmini cati ons channel s, include a | ocalp@ngaonebived k
("LAN'") and a wide area network ("WAN'), e.g., the Internet, and

| ude_b ed L t k
ol b B DA B e S B TR RL PG e
such asdéfamt vdlesdr al \Qﬁﬂspaﬁﬁ@i tyed wver fe.of, vVidthbider idtiRe 900). ear | y
i cati ons networks can _al so include all or

i ndi cat ot her wi se, r’{'rmtﬂ
a porti BH8Lk the Iiﬂgwma Brihescapms @ea R0jatiidssan guied By disriaymeiths wlue

carrier of h0DQRARLIRE eI THEorSkShETOE 2kl N LflSrAhd F6H &1&5&%@&%@&
A client and server are generally renpte from each other and

t ypi cal fajculated values ofir Buggpinst oo mpaimpesifiado Huesheldwor leriticehevatus| éeg-0ASHI p

of cli e%]@ r r. Gompu

t he respecti ve?corlrf)u réseagﬁfl a?/ﬁlor{wgdegl W°”§§?l\gg?’ﬁ%%ﬁgl&g %ﬂ% to
each ot figfax pB0Gdtd/arithoths BRodHi mstteanta?@ ddhe ddMddE sconstraint 712 relates
communi cati o n r _nore_commu I gn, pat hs. A
communt SHTE BeefTped s PR seliot Sy S e Head B cttical Value
transf efgg. n]gmaxa,t) JTDMIOIR! I THe eddhdlged dlentmiudéLsh YO Tield 736a and an
comruni cat I on th u]gmgg el ectrical, optical, acoustjcal, physi

t her mal <yvgndield 734b asoR3IeH Wit e ey eQstraint dHhufhe %Wo‘i?nﬁ%?t“i‘f 7(,lén

i ncl udecdﬁgdrélhgoleeg C IO p hddRle, GhaRn @l &etenfnﬁ{at@ff%mh?v vmubé tPbgede a
channel s of the sane or vary| ng capacities for

[ 0092] Mﬂlﬁm}é?feﬂhlﬁéﬁe ibj e wsd %annmgﬁhmwnﬁmﬂlwﬂée ﬁalflami &y Tor thehe
depi ct eg bR e ThEBLHRS; ntf@%%@ﬁet%mﬁ 2 %ME§to' Qeb4EEon
but t ons ra | o tons, 1cons, ’h boxes Bdxes,  menus, °t ext
boxes, fooemmmT bo@g{@xswmdimem adgentalﬂﬂé:m@cspmel bars, tool bar s,

st at us or, ot cia

status B, o TS SR B RS ASE BRI SRR R SRR
provi deugatathe @bpoyveofunttivg thaxdubgtiniadd. sStetigionllyd @rosetddchrdseT2iincludes a
[0093] Wi | e the invention has been particularly shown and described

wi th refefiecéladhatslisnlavsa penatuivisht essopitedsith of periabiradp hosbiegiye

o KA, 1, Kt aticaon sy ont Bl ghand el oo

I nvent | axsociged aﬁuhnﬁd My tdieioagpeiniebk objactive. ﬁmﬁicml Js The second area 720
includes a Ghmoax field 740c that displays a penalty weight associated with the Epmeax
relationship of the objective function J. The second area 720 includes a &, field 740d that
displays a penalty weight associated with the Er; relationship in the objective function J. The
second area 720 includes a g, field 740e that displays a penalty weight associated with the E;
relationship in the objective function J when the E, relationship is used.
[0083] Other constraints can also be used though not shown on the user interface 700.
For example, a user or the system can specify minimum or maximum values of changes in
Kmv (e.g., AXmv). In some embodiments, the user can specify a penalty based on the size of
AXypy. The user can specify minimum or maximum values of Y4 and/or specify a penalty
based on the size of error in the Y variables (e.g., Yer). Other representations of penalties or
constraints associated with the multivariate statistics DModX and/or T will also be apparent
to those of skill (e.g., associating a penalty value with the size of the DModX value or

associating a penalty with the size of the T value beyond a maximum or threshold).
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1. A conputer-inplemented nethod for controlling a manufacturing
process, the method conpri sing: recei ving dependent variable
dat a assocwatamdossi7d t he manuf acturi ng process, wher ei nedines2dependent
vari abl e data includes at |east one of (i) neasured past and present

L e L e R R

par anmet ef@itry, or in co@Beley hivdwaR) fipulvalee sofadd, ol ig cdaibﬁlaﬁsﬁso@ﬂ ﬁ%ﬁd The D
t he manuf}gct uring praocess, wherein the nani gul ated vari abl e data

i ncl ude¥nRisMerEation GRPEHS 4 POMPHeSRIPEAMYEIUCh feB-ph ESBAYSK BIogEa Bngikly
second §@hod@dd iR'-AGER RIS rec'sjg dﬁtaexﬁ%hﬂﬁqeécfagﬁ' s?orﬁéeqfe@ cbtfg Q{ecutlo

process tools and (ii) predicteed future val ues of e secon
pr ocessbpar meangnokthe operationdef, datripricessinguppaatus crad 4 pmananamaélqmd@soo,f

(ne. TRURAEL 0 G Sl Aol e S LSS o Bebor
ot bei i o e ?E’F‘m“’:?“;‘m?"?"ﬁ?‘h?“hlihﬁitﬂ?mg“??ﬁ o onase
o S SRRt BSh ARG e Shodkdl® o Bl H ypule! B Slouibe, o
val ue, 6th@‘ it tsuft’a?[t)ld ddreuset &t h Sdohputiff el@iddment?. AT Qemﬁefeh@ebg@im Caidi B

1, wherein the second set of process paraneters, represented
mani pul $P&Yed it basrcstaden OH%F‘E!“R‘E%QIGPI’@H“EJE FPTRPETR @t ﬂ%%@&é@t#f}hﬁl&d

Pr 0C€S Sacros3 multifte SRS AREin@dredingiia By a m&h&iﬁbﬂ SefiWofist set of process

parameters, represented by dependent variable data, are not directly
cont r ol [0885]dur | ndviethed seputar @m@rf@qﬁdohseglse or mord reograsuhieile processaism

1, V‘her&e@uttng%t %@ﬁjﬁ_}g&o %E@Bﬁlﬁﬁ‘ﬁ %ﬁ Fﬁle\fgclhﬂ(ﬁﬁéi 8% g& 1%0411215815{

vari abl es SI Nng* provi Re mani pu
val ues daa m’ﬁbgqﬂemﬁag iohlput)f Method esseps tcaro hlso be perfdiredrigt hod agfaratbsatambe,

further. I ng nodi f he present or f e ues of the

mani pul SCTRPT S5 PR SO0 PR EURICE: B B SELH (VA7 desrgrmpilg este

mani pul gtHYovad ABHL‘ eppHeatioffspédific hedpeneditcular MabhleScan refer to portions of
the computer program and/or the processor/special circuitry that implements that

functionality.

[0086] Processors suitable for the execution of a computer program include, by way
of example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor receives instructions and
data from a read-only memory or a random access memory or both. The essential elements
of a computer are a processor for executing instructions and one or more memory devices for
storing instructions and data. Generally, a computer will also include, or be operatively
coupled to receive data from or transfer data to, or both, one or more mass storage devices for
storing data, e.g., magnetic, magneto-optical disks, or optical disks. Data transmission and
instructions can also occur over a communications network. Information carriers suitable for
embodying computer program instructions and data include all forms of non-volatile
memory, including by way of example semiconductor memory devices, e.g., EPROM,
EEPROM, and flash memory devices; magnetic disks, €.g., internal hard disks or removable
disks; magneto-optical disks; and CD-ROM and DVD-ROM disks. The processor and the

memory can be supplemented by, or incorporated in special purpose logic circuitry.
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6. The nethod of claim11, further conprising predicting the future
val ues of the dependent variable data. 7. The method of claiml,
wher ei n dewerumisagooper ati ng paraneters further conprisEsusaineiygsng
a controller objective. 8. The nethod of claim?7, wherein satisfying

a contr objegtive cp lses.qptimzjing t obj ectiye functj on
associ a 'Hr?gf val uggl"eotf*n’bsr Jresule” qud o Tungtion, aasg’i‘?‘g,ﬁer?‘é‘sﬁlle?“=§’ﬁf afe ngf f‘%ﬂﬁﬂ
conbi natd,an séMedreadr Birdwhe doRipshant Which hePfoREE Sertain YaskineAnblhed Ay
claim 8, wherein the%q(;%lgect i ve function’includes one_or nore

const r apfteatagepusipbey gied tto vasideapn addraysable stosagranediom and pophgureh fe

data, thg e d e, ' ' ISt Y,
conbi nat | gn ?ﬁeorglggf nﬁﬁ@fi%cys%]ﬂg %@E%%&??%Wg%a\%@%@h&t elelggne or
nor e coBeteraipnipeseaintegratet cispi M0 FPGAL br ABEG. Fbuh adnafuleinay inciide, by
wherein e_.on [ [ traints e _associated w.t enal.ties for
Govi at | MEV 0o Rt neEhepaS o B o6 PSR SR, Pl ey fofele
wher ei nchrponentit kiakd ebmpbhentd iaveé iask reepipeseil, estotiésdsh duidtiofEt attributes,
function copprising.a quadratic:type functjon apd satisfying the,
cont 1 ol PP CRPrainey SIS P Famof Y -%@n‘aﬂwgﬁwaicafm%
obj ect i ¥&a,fddtihde®Niata skhcruFdretabRE NRFhyS)fang vadidble, Thidrluition IR RFdvEded Jor
determ ning desirable values of the score or the nultivariate
stati st itcthe componenis andimednles may b gpmbingd, inte dpwes sRpIPPRIY s agules or
dependentyalehalied iltd daditidml %ﬁﬁﬂéﬁﬁm Mb&y1da! Atfesidbity, e dRRRAdRnd
vari abl e data based on determned values of the nmanipul ated variable
data, tmedyessmayr agwaptegenusiyabeamplimented o peangediffercat i igfemdaingluding
any compi L.on of 5.,.Th . Of ' f
compr | STHPE SARREP oyt el SolFRNRRIRS lchire, Ml sueh s
application-enabled switches or routers, or telecommunications infrastructure equipment,

such as public or private telephone switches or private branch exchanges (“PBX”). In any of
these cases, implementation may be achieved either by writing applications that are native to
the chosen platform, or by interfacing the platform to one or more external application
engines.

[0088] To provide for interaction with a user, the above described techniques can be
implemented on a computer having a display device, e.g., a CRT (cathode ray tube) or LCD
(liquid crystal display) monitor, for displaying information to the user and a keyboard and a
pointing device, e.g., a mouse or a trackball, by which the user can provide input to the
computer (e.g., interact with a user interface element). Other kinds of devices can be used to
provide for interaction with a user as well; for example, feedback provided to the user can be
any form of sensory feedback, e.g., visual feedback, auditory feedback, or tactile feedback;
and input from the user can be received in any form, including acoustic, speech, or tactile
input.

[0089] The above described techniques can be implemented in a distributed
computing system that includes a back-end component, e.g., as a data server, and/or a
middleware component, e.g., an application server, and/or a front-end component, e.g., a
client computer having a graphical user interface and/or a Web browser through which a user
can interact with an example implementation, or any combination of such back-end,

middleware, or front-end components. The components of the system can be interconnected
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future values of the first set of process paraneters, represented by
t he dependent variable data, and the second set of process

par anet er sworeprissent ed by the mani pul at ed vari abl e datmcT/uskérooiiags
met hod of claim 1, wherein the nultivariate statistic conprises at

| east a,score, a Hotelling'.s.T2 value, a DwbdX val ue, a residual

st andar Y 4BY R} g gL OF il Al SRmHEEF SRS hr & GPmmuplpation etk
of cl ai Bxdmple e c@htnuinitRtioasl detwiitkd, als6 rbiddd 18tk CoRRURILARRS cRanBElk NELIRR
conponent s anal ysis score or partial |east squares anal ysis score.

18. The?reehawagrtverki (MAN ph aivide mea marmhdt WG peodissitqractaand
bat ch- t yp& 080 vaeddUnht Rerels® f&R8rks, HPsontd KkalBlel O nhuntdafbi® retwdREES N
t he manufacturing process IS a continuous-type manufacturing process.
20. A nigaturey siirfuak aetworks ragl submefvorksasuch rasi anviotual orallbaigac hetivppke ("VLAN").

manuf ac LN he controller.c rising: a.contr
modul o PHebOSIsB 3R0ase e RmpRmafoR: hdbaliesen, vaf <l 4l or o
pl ural i pattioh ofthaBOTN, fod exanipld, @portvnicwmedbed spificadalerdat a fromthe
process_t ool s and_ dependent variable datga fromthe sensors, {he
cont ol (LT e | %Une&amﬁgﬂ% FeE f\?ﬁﬁ*?‘é‘_ldg Cﬁﬁ%fm Nefe BN 34 HFyeRgre
proc essgen%ﬂﬁ%r RSB IRNL cAATJIRP a8 BPIALY Mabist ADush alc8AftunRAGoR metwork.
measur ed past and present values 0f a first set of process paraneters
obser vedhtielatinashin of alignt pndserees psisessbiawigug iof cormpuiprcRregramy ruprang, an thes
of the fllifive@milePiRORih RMiBNRERE SrelAOfknl 1S A8 R4 ated variable
dat a iné%%%%%g aﬁﬁ%%ast onegofll neagﬁreg p&ggeand present val ues of
a seconi8Ht of praivessmpedismes eresdepivtid 4s)in gomuinpicatibof ert apnsecical] hyesneof
the second,R thmRfunRaBSE Bnd 2K AR RhfatiG Shth is not limited to a particular medium
of transferring data. Information can be transmitted over a communication path using
electrical, optical, acoustical, physical, thermal signals, or any combination thereof. A
communication path can include multiple communication channels, for example, multiplexed
channels of the same or varying capacities for data flow.
[0092] Multiple user inputs can be used to configure parameters of the depicted user
interface features. Examples of such inputs include buttons, radio buttons, icons, check
boxes, combo boxes, menus, text boxes, tooltips, toggle switches, buttons, scroll bars,
toolbars, status bars, windows, or other suitable icons or widgets associated with user
interfaces for allowing a user to communicate with and/or provide data to any of the modules
or systems described herein.
[0093] While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and scope

of the invention as defined by the appended claims.
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a solver nodule to i) receive, fromthe multivariate nodel, at | east
one of predicted yield data, predicted mani pul ated vari abl e dat a,
predi ct ed dependent variable data, a nultivariate statistic, or any
conbi nati on thereof, based on at |east the manipul ated vari able and
dependent variable data and ii) optimze an object function using at
| east one of the predicted yield data or the nultivariate statistic
to generate val ues of the nmani pul ated vari ables for providing to the
plurality of process tools and to a prediction nodel that provides at
| east predicted nmultivariate statisthégﬁndata. 21. The controller of
claim 20, wherein the controller adj

aL%ne or nore paraneters of

the plurality of ocess tools d on the generated val ues of the
mani pul ac;)edﬁs\’%crﬁm Feé'én.lgl Elﬂ?n?ﬁdr@etﬁ@zt% ginfrayn F%@Pﬁéwwprw& a1‘=*'|‘|mtt
mul ti varPRPe S8 at i stic iQCl%gEf at | east. qne of a _score, Hotelling's
T2 val ue, a dfﬂ%ldg;?ﬁg gent yeniagts il S°§f1§§ﬁd‘aﬂ1dhﬂ%%%%wg%%é Wit e
conbi natiBIEH Spghe nelyfs atlsast pns qt &) mepsuggdnash ane preggai yalues of  Srst set
predi ct G RFORES BFTARFETs PRsY P¢ PLABPTE §E1S01E @B W) ReHepd g wless of te first
pr edi ct & RFGES PEBFERe sol ver nodul e of one or nore nul tivariate
statistics. ISvingmanpy ?E‘“—?idﬁwéﬁle &fa 3spogiatrdovith the marfeeturing ppgeses wherein
model i i HrpRvlatediisabla dpte inpldesa) leastppe ef (D meagurne past endimeseivelyesefad
future JEAODESStBF PrOfrsS PREpBsIEE AetermingdfFane a plurapity of preecessdpnly a1d| () predicted
cl ai m 28 uiRvalues of thiecodsgt ofprasasspa@Bkter ovi des the predicted val ues
of the depentdsrminiag UapE aguitivariste medehefi he aronufertigngproesss st leaspone oflae
cont r ol PEicHd seoravalng @ multivriate statisiis, prbeth kes¢dom atledss (thepteperideis yatidbde
predi ct daf2 sacith srapipnlated yerablerlathanccont rol nodul e and the sol ver
nodul e. 27, deferminiegencsiting parameters of the aoynufapiurieg pro¢dsebysaitvezingmdul e
gener at ebjediivedenstion usingeat feastithapredieted scars vabiecthe ralivdidnstatistomir bothl er
objective. 28. The controller of claim27, wherein the controller
obj ect i ¥e opThathetbed efiekeintj whirtin thefserpnt setof pongss pahngea, represented by
quadr at menipylatsd fveniabld dete, assoaicdlied dunigtthe miverfavaning aodcessi ng pr ocess.
29. The controller of claim27, wherein the controller objective
i ncl udes. oneThermethwdofchurs 2y whentis thefiritiset of epesd patmedrsi @plegenctdthy, t he
mani pul dersddeptvirable datdaarapotidivectlyrcentralicd duyngthemaaifasuringerddedst | vari at e
statistic, or any conbination thereof. 30. The controller of claim
29, whetei n Theenahel diclaim i ewioeis theap etk Sngyaganieses camene filed for
manipulated variables, further comprising providing the manipulated variable values to the
plurality of process tools.

5. The method of claim 1, further comprising modifying the present or future values of the
manipulated variables based on the past or present values of the manipulated variables and of the
dependent variables.

6. The method of claim 1, further comprising predicting the future values of the dependent
variable data.

7. The method of claim 1, wherein determining operating parameters further comprises
satisfying a controller objective.

8. The method of claim 7, wherein satisfying a controller objective comprises optimizing
the objective function associating values of process data, yield data, result data, or any
combination thereof of the manufacturing process.

0. The method of claim 8, wherein the objective function includes one or more constraints

on the dependent variable data, the manipulated variable data, the predicted score value, the
multivariate statistic, or any combination thereof,
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31. The controller of claim?29, wherein the one or nore constraints
are associated with penalties for deviating fromthe nmultivariate
nodel. 32. The controller of claim20, wherein the solver nodule is
a constrained optimzation sol ver. 33. The controller of claim?20,
wherein the control nodul e conprises the solver nodule. 34. A system
for controlling a manufacturing process, the system conpri sing:
a data acquisition neans for acquiring mani pul ated vari abl e data
i ncluding at | east one of i) neasured past and present values of a
set of process paraneters neasured froma plurality of process tools
and ii) qpredi \Y/ . e t of prqcess paraneters; and
2qui 11 e ek BRI bEIRAR iERnhe bl il SePhaSER S Sha)
measur ed ;pas ahues pf a second set .of process . .
T LSRR S L BBl
future val ues of e second set°s
process gont kol ans. far determnin erational paraneters of the
bl ural | ﬁn o 5@? %g‘gl%@"ﬁ%%tzs'ﬁiﬂf e citrelice o F?twglgﬂgleﬁgﬁﬁwfhe bjegt
mul ti varp st et CBIRPEE 2 auatalic yp E‘P%fggiaﬁ satigmnghigypngollgsopiectizieifither
stat i st iCREPTISFS BEHMIZNG 4 pararpeter of fig ORisRivS acfiaRt vari abl e data to
provide to t rocess _control neans, the myltivariate statistical
model réhéei v?ﬁ ; 3‘3°‘f%%éﬁlmﬁh@r'£€qﬁﬁwgﬂn%ﬂ?w% desirgble yalrgsof thageore or
dependefe YRI5 and providing predicted yield val ues and
statistical |nfor ion to the process control neans. 35. The system
of cl aij ‘34,T€ﬁf@?tg‘i?¢1°ft°|1?émdp%ﬁ COPPRTISI Bt dapendgat arillnmadel jo pidict
pr ocess HWRIVRNES Hfdbsflerepientiaseble data baspden determingd welbesyisjtieananimlated
variable data, the past or present values of the dependent variable data, or any combination
thereof.

process paraneters; a

15.  The method of claim 1, further comprising using a multivariate score model to predict the
future values of the first set of process parameters, represented by the dependent variable data,
and the second set of process parameters, represented by the manipulated variable data.

16.  The method of claim 1, wherein the multivariate statistic comprises at least a score, a
Hotelling’s T? value, a DModX value, a residual standard deviation value, or any combination
thereof.

17. The method of claim 1, wherein the multivariate statistic comprises a principal
components analysis score or partial least squares analysis score.

18.  The method of claim 1, wherein the manufacturing process is a batch-type manufacturing
process.

19. The method of claim 1, wherein the manufacturing process is a continuous-type
manufacturing process.

20. A multivariate controller for a continuous or batch-type manufacturing process, the
controller comprising:

a control module in communication with a plurality of process tools and a plurality of
sensors to monitor manipulated variable data from the process tools and dependent variable data
from the sensors, the control module including a multivariate model of the manufacturing
process, the dependent variable data including at least one of i) measured past and present values
of a first set of process parameters observed by the plurality of sensors and ii} predicted future
values of the first set of process parameters, and the manipulated variable data including at least
one of i) measured past and present values of a second set of process parameters and ii) predicted
future values of the second set of process parameters; and
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a solver module to i) receive, from the multivariate model, at least one of predicted yield
data, predicted manipulated variable data, predicted dependent variable data, a multivariate
statistic, or any combination thereof, based on at least the manipulated variable and dependent
variable data and ii) optimize an object function using at least one of the predicted yield data or
the multivariate statistic to generate values of the manipulated variables for providing to the
plurality of process tools and to a prediction model that provides at least predicted multivariate
statistical data.

2]1.  The controller of claim 20, wherein the controller adjusts one or more parameters of the
plurality of process tools based on the generated values of the manipulated variables.

22,  The controller of claim 20, wherein the multivariate statistic includes at least one of a
score, Hotelling’s T* value, a DModX value, a residual standard deviation value, or any
combination thereof.

23, The controller of claim 22, wherein the prediction model includes a multivariate score
model to generate predicted values for the solver module of one or more multivariate statistics.

24, The controller of claim 20, wherein the prediction model includes a dependent variable
model to generate the predicted future values of the dependent variables.

25.  The controller of claim 20, wherein the prediction model provides the predicted values of
the dependent variables from the manufacturing process.

26.  The controller of claim 20, wherein the prediction model provides the predicted statistical
data to the control module and the solver module.

27.  The controller of claim 20, wherein the solver module generates values of the
manipulated variables based on a controller objective.

28.  The controller of claim 27, wherein the controller objective optimizes the objective
function comprising a quadratic-type function associated with the manufacturing process.

29.  The controller of claim 27, wherein the controller objective includes one or more
constraints on the dependent variable data, the manipulated variable data, the predicted yield
data, the multivariate statistic, or any combination thereof.

30. The controller of claim 29, wherein the one or more constraints are user-specified.

31,  The controller of claim 29, wherein the one or more constraints are associated with
penalties for deviating from the multivariate model.

32.  The confroller of claim 20, wherein the solver module is a constrained optimization
solver.
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33.  The controller of claim 20, wherein the control module comprises the solver module.

34. A system for controlling a manufacturing process, the system comprising:

a data acquisition means for acquiring manipulated variable data including at least one of
i) measured past and present values of a set of process parameters measured from a plurality of
process tools and ii) predicted future values of the set of process parameters; and acquiring
dependent variable data including at least one of 1) measured past and present values of a second
set of process parameters observed by a plurality of sensors and ii) predicted future values of the
second set of process parameters;

a process control means for determining operational parameters of the plurality of process
tools of the manufacturing process;

a multivariate control means to determine, based on a multivariate statistical model,
values for the manipulated variable data to provide to the process control means, the multivariate
statistical model receiving at Ieast the acquired manipulated variable and dependent variable data
and providing predicted yield values and statistical information to the process control means.

35.  The system of claim 34, wherein the operational parameters determined by the process
control means optimize or satisfy a control objective.
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